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Fig. 3-19. Sample frames of high-speed CCD video camera: run No. 0_01, vertical impact at 4.6 km/sec,

employing a target box with a slit. The gypsum target and the crater made through this impact are shown in panel (a),

and in other panels, horizontal lines and short vertical lines represent the target’s surface and the impact point,

respectively. The projectile’s trajectory was from up to down, the gravity points light, and the slit was set parallel to

these panels. (a) before the impact, (b) 2.3 msec after the impact. A fragment traced and tracked in these panels was

outlined with light green, and its velocity was 48 m/sec. (c) 2.7 msec after the impact, (d) 3.0 msec after the impact.

This fragment was tracked for 9 frames.
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Fig. 3-20. A track of a fragment and variables representing its ejection: A fragment named n on k-th frame, at tnk

after the impact was represented by (xnk, znk, tnk), and its track measured by fitting. Extrapolating this track to t=0, an

intersection with the target’s surface was defined as an initial position x(z=0) and a time of ejection t(z=0).
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Table IX Errors in fragment mass estimation
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diameter

Area Enlarged
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Area ratio Volume
ratio

pixel pixel2 pixel2

2 4 12 3 5.20
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8 50.3 78.5 1.56 1.95
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32 804 908 1.13 1.20
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Fig. 3-21. Estimated mass distribution of fragments observed on the movie of the experiments named 0_01:

0.13 mg and 1.3 mg correspond to 1 and 4 pixel on the movie.
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Table X Velocities and angles of fragments measured with secondary collisions

0_04 45_02 45_05 70_01 70_03
3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e
m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg

297.0 97.3 37.9 194.3 84.1 25.6 362.2 19.8 39.4 44.6 6.6 63.3 70.4 79.4 32.8 73.7 35.2 46.3
293.7 106.1 34.5 226.1 61.6 28.8 349.4 0.7 41.7 53.3 54.1 44.9 193.2 59.5 33.0 70.9 26.8 48.7
285.8 98.6 34.6 170.5 70.8 29.9 359.4 19.7 44.2 54.6 56.2 44.0 190.1 63.6 35.0 72.3 31.3 42.3
248.7 57.5 42.4 177.3 74.6 35.3 350.3 2.0 50.2 43.5 26.3 41.3 181.9 67.8 34.1 66.5 20.7 39.6
222.0 84.0 45.4 151.5 70.4 35.5 281.7 2.5 37.2 43.4 27.4 47.4 173.8 70.7 31.7 61.6 16.4 47.4
219.2 76.7 43.4 122.0 63.1 23.7 282.3 2.3 36.3 52.5 47.4 32.1 163.6 73.7 27.4 61.9 22.3 43.0
230.5 117.8 40.5 128.4 63.3 29.7 199.5 2.3 43.1 53.0 52.7 38.2 163.8 75.7 28.5 62.8 21.1 37.7
243.2 53.9 37.9 152.5 128.5 33.3 119.4 18.3 43.0 51.6 52.4 42.5 153.9 63.2 32.2 50.6 35.7 53.3
227.3 63.3 40.2 155.4 126.6 37.0 117.7 28.6 34.4 44.0 30.6 48.5 149.0 65.1 30.7 54.7 41.0 42.2
213.4 105.0 41.2 98.9 83.3 27.4 144.3 51.4 31.2 45.3 36.4 47.8 149.3 66.3 31.8 47.2 0.5 47.4
208.6 81.8 41.3 106.8 74.4 32.0 105.9 22.5 35.1 49.5 50.8 50.0 147.3 68.1 31.7 50.4 18.0 38.3
235.8 126.4 35.2 109.2 72.3 33.0 107.7 27.5 36.7 49.8 52.0 51.3 137.8 71.9 27.4 46.3 38.4 52.9
203.2 96.9 39.8 128.8 88.7 39.3 99.8 4.1 43.8 54.6 60.2 45.6 133.8 75.7 26.3 42.5 2.5 54.3
205.1 105.5 38.3 111.2 125.3 31.3 107.5 29.7 41.0 55.6 62.7 46.8 134.4 61.1 32.8 46.3 14.0 43.0
204.6 112.4 35.0 94.4 83.9 34.3 137.5 52.4 29.6 43.6 35.1 51.6 101.0 63.0 17.0 49.7 39.8 39.3
188.4 89.7 34.7 99.8 90.6 39.1 132.7 52.3 33.5 45.3 41.7 49.8 117.5 62.4 34.8 42.1 46.4 62.9
173.6 82.7 25.8 103.5 125.5 34.2 129.9 54.9 40.2 48.3 49.0 44.2 115.3 62.6 34.0 40.3 33.6 54.6
196.1 48.3 37.5 107.1 125.3 37.0 106.1 36.0 35.4 53.5 59.4 43.0 101.3 68.0 26.0 42.1 48.9 53.8
177.3 120.3 40.6 68.6 107.7 14.1 97.8 22.6 38.3 50.1 55.5 48.8 118.1 63.4 37.5 39.9 18.1 47.7
167.8 110.9 42.1 70.3 111.1 15.0 91.4 22.7 39.9 49.4 46.0 30.7 111.7 71.8 38.3 41.9 48.9 50.8
161.3 99.0 43.1 82.3 106.2 36.6 108.2 51.1 42.6 47.9 49.3 40.1 96.7 82.6 30.4 41.4 56.1 52.2
170.7 116.5 40.5 83.9 98.1 40.3 93.6 29.4 28.1 43.9 39.3 43.4 90.5 66.6 28.5 33.2 33.1 63.4
176.7 122.8 38.5 93.1 116.4 40.5 85.5 23.5 47.5 53.8 61.5 41.4 89.2 73.8 32.2 31.7 14.4 64.9
163.1 109.2 41.0 60.4 87.3 15.4 93.0 40.3 45.5 44.7 44.8 57.0 31.8 113.2 40.2 33.2 6.2 47.9
157.8 100.8 41.4 63.5 107.5 16.4 84.2 3.7 57.7 42.5 21.2 66.5 89.5 67.8 39.1 31.1 11.4 61.3
157.8 102.4 41.1 63.7 86.2 23.9 103.4 50.1 38.1 40.0 26.8 42.5 80.1 70.5 31.5 32.0 29.5 58.6
155.3 93.4 41.4 66.0 103.2 25.3 105.7 52.6 38.4 38.0 9.2 46.9 74.2 71.7 33.8 32.8 8.4 46.3
157.4 74.1 39.8 68.9 76.8 29.9 105.4 53.9 41.1 38.2 12.9 46.9 35.0 71.7 39.2 29.8 17.1 62.5
153.1 85.5 40.4 72.1 105.2 33.4 99.3 49.5 45.6 38.3 12.9 50.0 63.5 64.2 29.9 29.7 15.8 57.1
162.9 115.8 37.6 84.7 125.9 32.1 98.4 49.9 36.6 37.9 3.8 50.5 63.7 77.8 37.3 32.6 38.5 48.4
159.9 67.3 38.0 80.5 63.0 35.9 89.7 42.5 43.0 38.9 15.1 55.6 54.3 76.9 29.7 32.3 40.0 45.3
152.4 103.3 38.4 55.9 89.8 16.4 83.5 31.8 51.2 49.5 52.4 35.5 58.9 76.0 36.4 29.0 64.0 78.1
145.5 93.9 36.8 57.9 103.6 17.4 87.4 40.7 50.8 47.7 49.2 36.3 63.3 76.6 41.7 28.8 12.2 50.3
142.4 88.1 35.2 56.6 83.1 17.4 99.6 54.4 41.8 44.6 44.5 41.5 34.3 66.3 12.5 28.0 1.0 54.9
141.2 94.3 34.3 64.1 67.7 25.3 92.8 49.1 47.8 43.1 41.4 44.8 43.4 64.7 24.4 28.3 9.9 46.8
132.3 106.0 43.0 60.9 94.8 27.8 79.1 22.5 32.0 43.8 44.2 46.3 35.0 72.3 33.0 27.6 16.5 51.8
133.4 109.0 42.5 62.7 104.8 27.7 76.2 21.2 42.3 41.5 36.1 52.6 33.4 70.7 35.2 27.0 11.9 54.8
133.6 69.1 41.8 71.1 120.1 29.2 101.3 52.8 30.2 51.5 60.8 42.5 55.5 56.6 22.4 26.9 7.6 55.2
133.9 115.8 39.5 66.3 106.0 32.7 96.2 49.8 32.2 53.5 62.6 40.3 50.2 63.4 17.3 27.6 55.7 66.8
123.3 77.1 39.3 67.6 77.8 35.7 89.6 46.0 37.3 44.2 39.4 30.8 56.9 62.5 31.8 26.2 11.5 53.6
122.6 101.5 39.3 72.7 111.1 37.7 87.8 48.0 45.7 40.2 25.2 64.5 50.1 60.9 30.1 29.8 36.8 41.2
121.1 73.1 36.6 56.9 109.2 21.9 74.0 28.1 48.7 41.9 39.9 63.3 33.4 115.9 34.4 25.3 1.3 55.9
118.0 92.7 37.9 61.6 76.0 33.5 82.1 44.7 42.8 37.7 20.4 35.0 55.6 53.9 26.4 25.4 49.5 78.8
117.3 99.8 36.5 53.4 76.4 26.4 76.8 36.2 50.8 36.9 20.6 45.3 44.8 65.1 8.6 25.8 5.2 46.9
116.6 85.9 36.9 50.3 102.2 19.0 67.5 13.1 41.7 41.2 40.9 41.1 51.8 60.7 27.2 24.9 12.6 50.0
115.7 82.9 35.9 58.8 98.1 37.0 85.3 47.9 32.3 40.7 39.6 42.3 48.0 86.2 32.8 24.5 65.3 71.2
115.2 76.3 33.8 62.3 129.6 24.8 82.2 46.7 36.0 36.1 4.8 52.3 24.8 93.5 35.6 23.7 23.5 55.3
116.8 72.5 33.4 51.4 77.8 29.7 68.6 9.0 58.5 38.8 26.9 61.8 49.4 66.4 33.3 24.0 71.7 76.6
121.5 120.0 27.9 48.5 62.8 18.1 86.2 56.2 43.0 38.6 20.4 64.0 28.0 78.9 20.6 23.1 9.6 54.0
107.2 73.9 49.8 46.6 79.2 26.3 84.0 55.4 46.9 46.1 56.7 45.6 34.3 102.8 23.5 23.3 19.0 51.4
116.4 52.3 43.8 57.5 110.5 40.3 69.8 32.3 38.7 37.1 25.3 37.9 42.8 59.2 22.8 22.6 42.5 49.7

93.2 107.6 41.6 47.3 78.2 33.2 71.9 41.6 49.9 41.2 43.1 39.4 43.1 60.9 26.0 22.3 37.8 49.4
89.0 66.5 35.5 41.9 95.9 21.5 83.2 56.1 41.1 34.1 0.0 47.6 45.7 63.4 34.1 21.6 36.0 53.6
90.8 117.4 34.5 42.1 91.9 23.1 83.3 56.8 42.1 39.1 40.3 35.4 19.7 89.2 32.9 19.2 10.7 52.3
81.4 97.3 34.6 48.0 65.4 32.8 74.8 47.1 48.0 36.5 33.8 42.7 39.0 83.8 34.0 20.0 49.9 55.6
78.4 85.7 31.9 38.0 100.0 11.2 75.7 50.3 53.8 34.8 24.5 45.1 29.8 74.0 20.7 18.4 32.1 59.1
74.9 99.6 25.8 42.3 112.0 27.2 83.2 59.9 47.8 34.1 14.6 54.0 36.9 70.9 36.7 19.2 24.3 47.4
83.5 100.0 45.0 40.4 97.3 29.4 74.7 39.8 28.1 43.1 59.7 50.1 33.1 87.2 38.9 17.2 28.2 66.7
83.8 113.9 40.7 45.0 102.0 37.7 62.0 2.3 56.8 37.2 42.6 47.3 39.7 83.0 42.0 16.8 35.1 58.7
85.9 121.3 37.6 41.4 77.8 34.8 63.4 13.9 59.8 39.5 52.1 50.2 36.5 82.3 39.2 16.0 19.3 68.4
77.5 86.3 41.2 35.2 72.9 25.7 84.3 60.3 39.3 32.8 20.3 43.2 29.9 75.6 31.3 15.9 9.3 70.2
74.2 82.7 37.9 40.1 125.9 26.7 66.7 32.3 60.7 40.7 43.7 25.0 23.7 119.1 19.6 18.0 36.0 45.1
68.5 94.8 31.6 36.2 115.7 27.1 78.5 59.6 50.4 33.2 20.3 62.6 10.4 105.5 47.7 15.6 9.0 75.1
89.1 88.7 54.6 37.2 67.1 35.5 75.7 56.8 54.6 31.2 15.2 37.6 33.2 98.3 45.7 16.1 20.6 52.5
80.9 87.9 50.3 32.1 85.0 29.4 64.1 31.5 37.0 32.8 31.3 56.2 26.2 87.9 45.5 15.2 8.2 61.3
78.2 106.7 46.4 31.0 127.9 18.1 60.8 23.5 42.7 32.9 30.9 58.1 11.0 92.6 34.2 15.0 23.3 76.4
80.3 64.6 44.6 28.5 98.6 41.3 67.1 39.9 38.9 34.6 42.5 56.6 15.1 46.3 87.0
79.2 67.5 45.1 21.7 65.2 16.5 79.8 60.4 41.2 34.3 38.7 61.6 14.6 41.4 70.2
76.3 72.8 44.9 66.4 39.1 32.1 30.4 14.9 39.4 15.6 16.9 44.4
77.2 59.9 39.3 60.1 26.2 36.1 32.5 34.5 54.3 14.4 29.4 58.1
70.2 85.3 42.4 60.5 29.5 59.0 29.9 4.2 62.5 14.0 48.2 85.7
76.2 59.3 37.9 73.1 60.0 48.2 30.9 28.4 60.4 13.9 67.3 76.7
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Table X Velocities and angles of fragments measured with secondary collisions (continue)

0_04 45_02 45_05 70_01 70_03
3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e 3Dv θ| Φe| e
m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg m/sec deg deg

68.8 91.3 41.3 57.7 29.2 56.3 35.8 56.0 50.2 14.0 48.8 52.6
68.9 83.5 41.0 56.7 19.9 59.7 32.7 42.8 61.3 13.9 56.5 57.4
66.5 90.0 39.0 55.9 32.4 52.5 29.2 17.6 34.3 12.7 30.2 64.8
67.6 74.8 37.6 55.2 28.4 55.1 30.3 25.5 62.4 12.9 46.1 65.7
66.9 109.0 35.2 55.8 30.6 56.0 32.9 48.1 59.9 13.2 50.5 59.3
75.7 51.8 29.7 53.4 30.3 47.5 27.7 10.6 51.2 12.6 39.1 63.4
66.4 68.2 33.0 59.5 49.3 49.5 32.4 49.2 59.0 12.7 47.3 65.3
62.8 103.6 32.1 53.2 29.0 53.6 28.5 2.4 64.7 12.3 40.6 67.1
63.9 109.7 30.8 60.6 48.5 42.2 29.0 6.6 66.9 12.5 25.1 48.5
59.7 106.9 25.3 49.0 15.2 44.5 26.6 10.4 41.9 12.4 18.2 46.2
85.2 73.8 55.4 59.5 50.2 41.8 28.1 15.7 63.4 10.6 44.2 54.6
74.0 123.1 41.5 60.0 51.5 42.1 26.0 7.8 44.4 10.4 46.7 57.6
64.2 84.9 43.3 58.6 49.7 44.2 27.1 17.5 63.0 9.3 72.9 73.3
64.5 57.2 30.9 52.5 34.3 52.4 29.7 37.6 27.7 7.9 0.7 58.6
51.9 80.5 24.6 52.3 33.2 54.9 25.2 14.1 36.6 7.4 3.3 79.4
76.8 125.2 51.9 52.0 29.1 31.1 25.5 23.1 50.8 7.5 51.2 76.0
64.1 120.4 45.5 63.8 56.2 35.3 23.6 17.2 53.5
62.3 120.3 44.0 51.6 37.5 48.3 26.9 48.0 58.0
58.4 123.6 37.2 54.2 45.7 49.7 22.7 9.0 34.6
45.2 86.2 30.7 56.1 49.8 47.4 21.8 6.5 58.3
45.1 84.3 30.2 52.4 40.2 37.4 26.4 57.1 55.3
42.1 86.1 22.6 45.9 16.1 46.8 20.5 0.3 43.3
66.1 126.8 47.5 47.3 22.1 56.3 20.6 1.3 55.8
62.7 123.2 47.0 53.9 48.0 45.2 19.2 13.9 36.1
57.3 46.9 31.3 49.2 34.7 50.6 20.0 33.6 53.8
62.5 114.2 54.4 47.8 28.5 51.0 20.9 49.0 55.1
61.7 121.0 51.1 47.6 26.0 54.2 17.2 11.0 45.0
56.2 103.9 52.5 57.5 58.1 50.0 16.1 6.1 43.0
55.2 107.5 50.9 49.8 39.1 40.2 16.3 9.8 53.4
49.7 78.2 47.0 53.4 51.1 45.9 16.0 19.1 41.7
38.0 89.4 29.1 55.9 56.4 45.6 15.5 5.8 53.1
54.3 109.7 52.7 49.8 43.2 53.2 14.4 21.3 37.1
31.6 79.7 28.3 42.7 9.3 41.3 13.6 19.2 52.6

50.5 42.4 35.8 13.2 15.6 54.2
56.9 54.5 35.2 13.2 23.5 54.6
42.8 10.6 51.2 14.1 40.5 52.4
45.0 29.2 48.4 12.9 16.2 58.5
43.4 12.5 55.3 10.1 13.0 47.0
43.8 13.7 57.4 9.9 14.9 49.0
43.8 8.4 59.2 9.0 14.3 43.9
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lmG���� 45_02, 45_05 (c) ��a� 70��lmG���� 70_01, 70_03

Fig. 3-22. Ejection angle and velocity of fragments measured with secondary collisions: Origin was set on the

target surface and center of the pit. Elevation 90 degree means the direction same as the normal line of the target

surface. Azimuth was set 0 degree in downrange direction. (a) vertical impact (0_04), (b) impact at an angle of 45

degrees (45_02 and 45_05), (c)impact at an angle of 70 degrees (70_01, 70_03)



- 64 -

 (a)

 (b)

 (c)

±±±± 3-23. 
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��������ÁÁÁÁ��������§§§§��������: (a) ��a� 0 �

�lmG���� 0_04 (b) ��a� 45��lmG���� 45_02, 45_05 (c) ��a� 70��lmG��

�� 70_01, 70_03

Fig. 3-23. Histograms of ejection angle and velocity of fragments measured with secondary collisions: (a)

vertical impact (0_04), (b) impact at an angle of 45 degrees (45_02 and 45_05), (c)impact at an angle of 70 degrees

(70_01, 70_03)
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Table XI Characteristics of fragments in each ejection time bin for two vertical impacts

run
Ejection time at
target surface

No. of
fragments

Ve �e x(z=0) Fragment radius

NO. msec m/sec degree mm mm
0_01 t(z=0) <2.5 251 25.83Ù15.31 59.9Ù16.2 14.0Ù6.1 0.6Ù0.6

2.5< t(z =0) <5 69 6.83Ù2.36 77.5Ù11.6 7.5Ù5.8 0.5Ù0.2
5< t(z =0) <10 262 3.36Ù1.29 81.1Ù8.9 3.5Ù4.1 0.5Ù0.1
10< t(z =0) <15 200 1.89Ù0.50 80.1Ù8.2 2.9Ù3.5 0.5Ù0.1
15< t(z =0) <20 138 1.42Ù0.39 78.0Ù8.5 3.1Ù2.8 0.5Ù0.1
20< t(z =0) <25 54 1.10Ù0.36 77.5Ù10.3 3.6Ù3.4 0.5Ù0.1
25< t(z =0) <30 33 0.99Ù0.43 74.2Ù10.3 4.5Ù3.4 0.5Ù0.1

30< t(z =0) 100 0.91Ù0.37 73.6Ù13.7 6.4Ù6.2 0.5Ù0.1
0_02  t(z =0) <2.5 37 21.11Ù6.77 66.9Ù13.3 16.8Ù5.6 1.6Ù0.8

2.5< t(z =0) <5 32 14.31Ù3.98 78.2Ù9.1 14.4Ù10.0 0.9Ù0.3
5< t(z =0) <10 85 7.56Ù2.57 83.4Ù5.8 6.0Ù6.7 0.8Ù0.2
10< t(z =0) <15 139 4.94Ù1.63 82.9Ù5.1 6.4Ù7.8 0.7Ù0.5
15< t(z =0) <20 142 3.25Ù1.02 80.8Ù6.4 5.6Ù5.4 0.7Ù0.1
20< t(z =0) <25 132 2.48Ù0.90 79.8Ù7.0 6.2Ù6.2 0.7Ù0.1
25< t(z =0) <30 82 1.96Ù0.81 78.5Ù8.0 8.0Ù6.9 0.7Ù0.1

30< t(z =0) 117 1.30Ù0.63 75.1Ù11.8 7.7Ù6.4 0.7Ù0.1
0_06  t(z =0) <2.5 80 11.63Ù13.60 86.2Ù20.3 7.3Ù6.5 1.5Ù1.5

2.5< t(z =0) <5 82 4.47Ù1.65 88.7Ù18.0 7.6Ù6.0 1.0Ù0.8
5< t(z =0) <10 129 3.18Ù1.01 90.8Ù13.4 6.6Ù4.8 0.8Ù0.3
10< t(z =0) <15 95 2.31Ù0.82 91.6Ù10.6 7.7Ù5.6 0.7Ù0.2
15< t(z =0) <20 67 1.91Ù0.57 87.5Ù9.9 9.4Ù5.9 0.7Ù0.2
20< t(z =0) <25 39 1.54Ù0.55 83.0Ù13.7 9.2Ù6.7 0.7Ù0.2
25< t(z =0) <30 30 1.60Ù0.70 82.6Ù15.4 9.9Ù8.9 0.7Ù0.3

30< t(z =0) 44 1.32Ù0.76 72.7Ù20.3 10.3Ù6.9 0.7Ù0.3



図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
各破片の速度ベクトルの基点はおのおのの軌

跡から外挿されたターゲット表面での初期位置を示す。衝突角度毎に得られたクレーター断面図

を参考のため記す。Pit中心を原点とし、垂直衝突ではターゲット表面を0度とし、これの法線を

90度とする。斜め衝突においては、下流方向のターゲット表面を0度、これの法線方向を90度、

さらに上流方向のターゲット表面を180度とする形で放出角度を定義した。3次元放出速度が得

られた破片に関しては、3次元での放出速度、仰角を画像平面まで回転させて記載した。(a)
衝突

角度0度、スリットありの場合(0_01)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments: Each origin of vector represents an

initial position of each fragment obtained by extrapolating its trajectory to the target’s surface. Cross sec-

tional views of craters made by every impact angles are indicated. Polar coordinate which originate on the

target surface and on the pit’s center is employed, and its elevation angle set 0 degree at the target’s surface

in downrange direction, 90 degrees at the normal of the target’s surface, and 180 degree at the target’s

surface in up range direction. For some fragments which 3 dimensional velocities were measured, 3 dimen-

sional velocity and initial positions are shown on the same plane as those measured in 2 dimensional.  (a)

vertical impact employing a slit (0_01)
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図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
(b)
衝突角度0度、スリットありの場合(0_02)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments:   (b) vertical impact employing a

slit (0_02)
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(b)



図図図図図
3-24. 

 3-24. 

 3-24. 

 3-24. 

 3-24. 
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル::::: 

(c)衝突角度0度、2台のカメラを用いた3

次元速度計測(0_04)
。2次衝突による3次元速度の計測あり

Fig. 3-24. Initial positions and ejection velocity vectors of fragments:  (c) vertical impact with two

cameras (0_04). Some fragments are measured in three-dimensional with secondary collision on the win-

dow.
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(c)



図図図図図
3-24.

3-24. 

3-24. 

3-24. 

3-24. 
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
(d)
衝突角度0度スリットなしの場合。2次

衝突による3次元速度の計測あり(0_06)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments:   (d) vertical impact without em-

ploying a slit (0_06). Some fragments are measured in three-dimensional with secondary collision on the

window.
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(d)



図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
(e)衝突角度45度スリットありの場合。(45_01)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments:   (e)impact at an angle of 45

degrees, employing the slit(45_01).
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(e)



図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
(f)
衝突角度45度、スリットなし、小さな飛

翔体(3
mm球)の衝突の場合。(45_21)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments:  (f) impact at an angle of 45 degree

without employing the slit, with a projectile 3 mm in diameter. (45_21)
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(f)



図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::(g)衝突角度60度スリットなしの場合(60_01)

Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (g)impact at an angle of 60 degrees

without employing a slit (60_01)
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(g)



図図図図図
3-24.

3-24.

3-24.

3-24.

3-24.
破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル破片の初期位置と放出速度ベクトル:::::
(h)
衝突角度70度スリットなしの場合(70_01)

2次衝突による3次元速度の計測あり。

Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (h) impact at an angle of 70 de-

grees without employing a slit (70_01). Some 3 dimensional velocities were measured with secondary col-

lision on the window.
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(h)
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図図図図図
3-25.

3-25.

3-25.

3-25.

3-25.
破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度: 
: 
: 
: 
: 
斜め衝突の場合の仰角は、下流側ターゲット表面で0度、法

線方向で90度、上流側ターゲット表面で180度となるように拡張した。(a)
衝突角度0度、スリッ

トありの場合(0_01)
(b)
衝突角度0度、スリットありの場合(0_02)

Fig. 3-25. Ejection velocity and elevation of fragments: In the case of oblique impact, elevation was

extended as follows: set 0 degree at the target’s surface in downrange direction, 90 degrees at the normal of

the target’s surface, and 180 degree at the target’s surface in up range direction. (a) vertical impact employ-

ing a slit (0_01), (b) vertical impact employing a slit (0_02)

(b)

(a)
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図図図図図
3-25.

3-25.

3-25.

3-25.

3-25.
破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度: 
: 
: 
: 
: 
(c)衝突角度0度スリットなしの場合。2次衝突による3次

元速度の計測あり(0_06)
(d)
衝突角度0度、スリットなし、サボの衝突により二つ割れ(0_21)

Fig. 3-25. Ejection velocity and elevation of fragments: (c) vertical impact without employing the slit

(0_06). Some fragments are measured in three-dimensional with secondary collision on the window. (d)

vertical impact of a piece of sabot without employing the slit (0_21). The target splited into two pieces.

(d)

(c)
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(f)

(e)

図図図図図
3-25.

3-25.

3-25.

3-25.

3-25.
破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度: 
: 
: 
: 
: 
((e)衝突角度45度スリットありの場合。(45_01)
(f)
衝突角

度45度、スリットなし、小さな飛翔体(3
mm球)の衝突の場合。(45_21)

Fig. 3-25. Ejection velocity and elevation of fragments: (e)impact at an angle of 45 degrees, employing

the slit(45_01). (f) impact at an angle of 45 degree without employing the slit, with a projectile 3 mm in

diameter. (45_21)
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図図図図図
3-25.

3-25.

3-25.

3-25.

3-25.
破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度破片の放出速度と角度: 
: 
: 
: 
: 
(g)衝突角度60度スリットなしの場合(60_01)
(h)
衝突角度

70度スリットなしの場合(70_01)
。2次衝突による3次元速度の計測あり。

Fig. 3-25. Ejection velocity and elevation of fragments: (g)impact at an angle of 60 degrees without

employing a slit (60_01) (h) impact at an angle of 70 degrees without employing a slit (70_01). Some 3

dimensional velocities were measured with secondary collision on the window.

(h)

(g)
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��������	��
��
�����(0_01�0_02)��������� 3 ����� 

!"#�$%&'()*+,-.����/01�2345�67$8+9,&'()*+:

��&;��<=���������	��
��
���>?@A����B+��/0�

CD��/0.E���&;�FG��H�IJ@A�KLMNO���������PQ+:

���/0����@ARN�ST.E��O�UV�WX8+:<=�@ARN 2.5 msec

Y2���	��Z[�\O�,]^NO+���/0_��`a� 60b15 �)�9O�c�

de/0,fQ+,g_�)*L�/0&hijk)*+9,�l���+:KL�����

7$�mn����op 0_01 )7$qO��60 m/sec r�����s����/0_�� 30

��g_�<)tu��9O��7$vw� 2 �@A�K;�x$qO�/0_yNz�/0

��,{|V)*+:<��9ON�}�.!�/0qO���� !"#� pit�~�RN 15

b5.8 mm �yL�9O������� spall�����8+:���`a��� 23b11 m/sec )

*+:

@ARN 2.5 RN 5 msec �E�������km !��NO����)hijk�/0R

N�/0_�&��e !"#&2��g���/0w,WX8+����)*+:

@ARN 5 msec Y�ST��H����/0_��1 m/sec Y����&�������B�

���_��M+Y�)��80b8 �,��	��Z[,>?y����%qO+:<����

� !"#� pit �����8+�~�RN 13 mm Y2��%qO+:<�����/0��

�`a���@ARN 5RN 10 msec)� 5b2 m/sec)*+�����@ARN 15RN 20 msec

)� 2b0.7 m/sec�@ARN 30 msec Y�)� 1b0.5 m/sec ,yL���	��Z[RN/0q

O+.�&�ey+��O�g�����&/0qO��+��&7$qO�:@ARN 5 msec

Y��/0qO����?�� 1 mm Y2�6�&�)*L�9ON��e� qy���¡

����op 0_01)� 787¢���op 0_02)� 623¢,£¤�¥�:

¦��?§8+���¨#�� 2 ©�ª«¬������� 3 �����x$����(0_04)

�­®�¯ 3-24 �(c)�l8:9���������°±����,��²³B&'(y��y

��,�7$v�@A�����yNz�´fV�������µ�¶·V�x$��:9�

��) 3 �����x$�mn���� 8 ¢)*L�¸�¹�& spall ��)*+:°±qO�

��,�µ�²³BNO���&9OY�� 6 ¢*L�º»¼� 14 ¢)*+:9������

�����	��Z[RN/0qO+ spall ���½��RN/0qO��2 ¾¿� spall ��&

��	��Z[RNÀL�&L�¸�<<������8Á��ÂÃ��e�&7$qO��

+:��	��Z[RNÄ¹�t\��ÅÆ)$%)�yR;��)�����,���x$

)�yR;�&���	��Z[)�ÀL�&L��� 0.1 m/sec��°;�:

¯ 3-24�3-25 �(d)�����������	��
��
����y���op 0_06 )�

/0���tu�l��:�������y�����6� 5 mm Y����y���7$8

+�J�Ç;�6�)*+&������������­®,�{|È�ÉRJ+�J��9

��������ÊR����Ë��6'(y�Lx$�Ç;�:9��������ª«¬
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�ÌÍ�����mt�s�������6�Î[2w� 2 ��Ï����x$���L�*

+��&ÌÍ��� 45 ��_��s;�/0qO�,Ð%8+,�Ñ������ 2 ��Ï�

��� 1.4 Ò�y+:x$qO�����Î[,>?���/0��yNz� !"#�s��

)�/0.��WX�ÓÔ/0��yNz����������������	��
���

����,fQ+,ÕÉ)�y�&�hijk�����/0&��	��,>?���g�

��/0w�WX8+,�������Ö������­®�×Ø�y�:9�������

7$qO� 10 m/sec Y�����s����¡&�����������)7$qO�6�,

fQ�Ùy�ÚÛ��9�������������km !����7$vw���@A&

*L�9O�KLÌÜ&Ý.ÞNO��J)*+:<��2.5 m/sec ³ß����¡&Ùy��

��¥¡�ÊR����àá&�yLº��9ON�t\)�yR;�9,�âã8+,]^

NO+:

9ON���(0_04�0_06)�����,��x$qO� 5 mm Y����y���~��´f

V��/0���s�6�ä���	��Z[,>?�ß�/0_��s�6�6*+&��

�	��Z[RN/0qO�.��å� 1.5b1.3 msec )*L´fV}�:<��9ON���

�°±qO� spall����²³BNO+:

��������	��
�����@A_� 45 ��IJ@A(45-01)����6�@ARN

2.5 msecY2� 10 m/secY�������&hij�y��/0qO��+��,�¸�H��

��	��Z[,æç>?�y8��w������/0&èJNO+:�����km !

�7$qO+hijk�/0��é��)�/0_�`a 74 �*L�>?@A��B+/0_

��`a& 65�)*+9,�fQ�ää���:½���é��w�/0���`a& 26 m/sec

)*+������é��w�¸O� 22 m/sec ,y;��L�/08+�"�K+/0���

£�êÈ&7$qO+:<������ij/0RNg���>?/0���8+.�6�>

?@A�6�,fQ�}ey;��+:�����kmHë�/0qO+g������/0

_���	��Z[�ìÍRN»=R��é��wí���+:9������������

�"#���	��Z[RN 55 mm ,\O�"#�*L�R������îï3&�����

�+�)�@A�ð!��������	��
�2)ñòó;���&����,å���

��RN/0qO+�&7$qO�:��&;��9ON������&Ùy�,�NO+/

0.�&@A�ôERN 20 msecY2�6��~��x$�Ç;�:

9O�de���45_21�60_01�70_01 �@A_�&¸OõO 45 ��60 ��70 ��IJ@A

����/0qO+��� 2 ��Ï����x$��6�)*+:9ON���������

��y���)*+&������km�}!��´fV������&hij���/0q

O+9,�-H!��´fVg�����&��	��Z[RN>?�ß����/0qO�

�+9,�Ë����>?@A�KLèJNO�ö÷,{|V)*+:<��@A_�&��

ey+���&��/0_�¹ø&ää�é�íeí��hij/0RN>?��w�/0w

����â9+.�&}ey+í��¸��9���	��Z[�æç>?W½�/0&ää

�éKL�y+í�&èJNO+:



- 80 -

3-4-2-3. Ý°�>?@A�KL/0qO+���ù��ú���û4m

üýþ)������������	��
��������9O���y����yNz

�����ª«¬ Shimazu HPV-1 ���������Vy6�)*L�9ON��µº»¼+

9,�KL�KL��/0���������)�ù��ú���û4m8+9,&)�+:(¯

3-26)üýþ������	,��>?@A�����9O�Ç;�:<=������
��

���,
����y����<,Jº»¼����PQ�¸�H����ª«¬ TMR-E2 �

���x$��6�, Shimazu HPV-1 ������,�<,Jº»¼+:9ON�KL�>?

@A����
������/0����� 0.1 m/sec(9OY�)������	��Z[RN

�t\&ÕNR�yNy�)RN 400 m/sec<)�������� 0.6 mg (TMR-E2���� 2 pixel

���)RN 0.4 g(9���)�����)<)�KL
�Vyù��ú���û4m8+9,&

)�+:

<=�Table III �lqO������������	��
������������?�&

4RN 6 mmY�����/0&��qO��+:��?�& 2 mm RN 4 mm �E)����

�������,��y���,�E�ÕÉy��&èJNOyR;��)�æç-�@A�

�)���Ç;� 0_01�0_05 �ÔÃ�?�& 3 mm Y�����Ë������������

	��
��
��� 0_01 �ù����9OY���������Ë���������
�

�yR;� 0_05 �ù�����+9,�KL�B�Ùy�ù����J�:0_01 )
����

������ 20 mm *L�9O� pit ���?� 26 mm �´fVß�:��&;��pit ���

ÔÃ������»O��+����x�) 14%�y+:¸9)û4m�ÇÔ�*�;���

9ON���y��, qy���¸�<<����:

TMR-E2 ����x$)������������) 91 m/sec���6�RN 10 ¢¿) 60

m/sec )*+:9� TMR-E2 ����MNO�ù��ú�������ª«¬ Shimazu HPV-1 )

x$qO����ÔÃ 70 m/sec ��^+6������:TMR-E2 �KLx$���70 m/sec

Y���� 2 ¢� !���y�:9O�KL�Ý°�>?@A�KL/0qO� 400 m/sec Y

�����ÔÃ���x�) 85 %��������"���/0��� !"#�/0.��

��K¸����#$&MNO�9,�y+:%H9�ù��ú���>?@A�û4m,&

':

��op 0_05 ��������y���y�)�Shimazu HPV-1 ����(M��ù���

2 ��Ï���)*+&�/0��& 60 m/sec ��^+�������/0_�&��ey+

9,&l)qO��+:û4m�KLMNO����¡� 1323¢)*+:�����Ë����

���*t,�k�+®�,-�+®�./�Ç;�RNPQ+:
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¯̄̄̄ 3-26. 1 runtttt����������������ûûûû4444mmmm: ��op 0_01) TMR-E2����x$�����ÔÃ 3 mmY��6

�,�9O,-������� Shimazu HPV-1 ����x$�����ÔÃ 70 m/sec Y�����s�

6�,���op 0_05) TMR-E2����x$�����ÔÃ 3 mmY��6�,����û4m��:

Fig. 3-26. Reconstructed data set of fragments, which will obtain in a vertical impact: Fragment’s data obtained

in following experiments are gathered. empirical run No. 0_01, pictured with TMR-E2, smaller than 3 mm, empirical

run No. 0_01, pictured with Shimazu HPV-1, faster than 70 m/sec, empirical run No. 0_05, pictured with TMR-E2,

larger than 3 mm.

3-4-2-4. /0.��ST,/0_�� !"#�WX

"��&��	��Z[�\O+/0.��WX���8+���/0���_�����

 !"#�WX�¯ 3-27�3-28�l8:/0.��Ë8+01�`aVy���/0��& 6 m/sec

��^+���Ë��� 1 msec r��/0��& 1 RN 6 m/sec �6��Ë���/0.��

��2 10 %�1 m/secY����)/0qO�6��Ë����50 %)*+:g�������

��/0.��01&��ey+���9ON&�������Bä8�9,�£¤��eq

3� qy��&45��àá�/0qO+9,�9ON����E)@A&â9+9,�/

0��&��9,�KL"#6%�01���&��e0+9,y7&]^NO+:
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@ARN 2.5 msec Y2������km}!��������� spall �����8+"#R

N���&��e/0_��g���&/0qO��+:��������	��
����

��/0�8[�7$����(0_01, 0_02, 45_01)������9:RN�/0&y��J��

"��� !"#�yNz�/0_�&KLÕÉ�7$qO+:8y»Ã�/0��& 91 m/sec

Y�����Ë����@ARN 2.5 msec Y2����/0qO����ÔÃ���	��Z

[RN>?���ße�/0qO+6�ä������� pit ��RN/0qO+6��¡�Ù

ye�hijk�/0&7$qO��+:

@ARN 2.5 RN 5 msec ������d���5 msec Y��/0qO+�ë���� !"

#������� pit�������/0_�6��	��Z[,æç>?,y+:@ARN 20

msec �T;+,/0qO+�����6 1.25 m/sec Y��6�&¥eyL�/0_�� !"

#�6%<�&g�8+�J�ù��=�>N��&èJNO+:

IJ@A����������������Ç;��� 45 ��?@B)*+:9�@A��

��6�@A� !��������� spall �����8+"#RN�����g_��/0

&èJNO��L���	��,>?���Kz99RNää�éKL�_�)/0qO+�

�ä������� pit�����8+"#RN/0qO+���¡�Ùy�:9����AB�

IJ@A����������� !"#& spall ��RN pit �����8+.�&}<;�

�+9,&èJNO+:<��@A�H!��NO+��	��Z[,>?���/0&ää

�é��wí���+�&èJNO+:�������y�������6�}�.!���

��R�g_����&/0qO��L�9O�>?@A�����NO+hijk�/0,

{|V)*+:@A_�&C�8+���&��@A�����km�}!��NO+hij

k�/0,-H!��NO+��	��Z[�>?y/0�DÜ&EÕF�y;��e:

<��IJ@A�����������kmGø&}eHI8+í��*+9,&l)qO

+:��op 45_01�45_21�70_01 �Ë���������¨#�ìä@A�Ç;�Z[��

�y7�ÚÛ�KL 1 m/sec Y2�g�����x$&JK�y+�J,�ÔGÕ6'()*+:

�R����op 60_01 ���¨%�g���@AH!�/0qO+���7$��LXqO

�6�)*L������km&´fV}e�HI8+ÚÛ����.!�g��)/0qO

+�����8+7$M�N��O8+9,�JK)*+:

¯. 3-29 ���3-4-2-3 )¨%�� 1 °�>?@A)kmqO+���û4mù��ú���

�����/0.�,/0_��yNz���� !"#�l��:9�û4mqO�ù��

ú�����������y�����B+���(70 m/sec Y�)����/0��&A<O�

�+�J�9ON&/0.� 0³ß�¥¡PQ���+:(c)�(d)�l��R��S¬TRN��

@ARN 5 msec Y2������km� !��������&������ spall �����

8+"#RNhijk�/0qO��+9,�@ARN 5 msec Y��H!�����g���

��&��	��Z[,>?�/0qO��+9,�<�¸�/0���@ARN�ST.E
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図図図図図
3-27.

3-27. 

3-27. 

3-27. 

3-27. 
破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度::::: 
斜め衝突の場合の仰角は、下流側ターゲット表面で0

度、法線方向で90度、上流側ターゲット表面で180度となるように拡張した。(a)
衝突角度0度、

スリットありの場合(0_01)
(b)
衝突角度0度、スリットありの場合(0_02)
(c)衝突角度0度スリッ

トなしの場合
(0_06)
(d)衝突角度0度スリットなしの場合。(0_21)

Fig. 3-27. Ejection time and elevation of fragments: In the case of oblique impact, elevation was extended

as follows: set 0 degree at the target’s surface in downrange direction, 90 degrees at the normal of the target’s

surface, and 180 degree at the target’s surface in up range direction. (a) vertical impact employing a slit (0_01), (b)

vertical impact employing a slit (0_02), (c) vertical impact without employing a slit (0_06) (d) impact at an angle of 0

degrees(0_21).

(b)

(a)

(d)

(c)
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(h)(g)

図図図図図
3-27.

3-27.

3-27.

3-27.

3-27.
破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度破片の放出時刻と放出角度:::::
(e)衝突角度45度スリットありの場合。(45_01)(f)
衝突

角度45度、スリットなし、小さな飛翔体(3
mm球)の衝突の場合。(45_21)
(g)衝突角度60度ス

リットなしの場合(60_01)
(h)
衝突角度70度スリットなしの場合(70_01)

Fig. 3-27. Ejection time and elevation of fragments:  (e) impact at an angle of 45 degrees, employing the slit

(45_01). (f) impact at an angle of 45 degree without employing the slit, with a projectile 3 mm in diameter. (45_21),

(g)impact at an angle of 60 degrees without employing a slit (60_01) (h) impact at an angle of 70 degrees without

employing a slit (70_01)



  - 85 -

(b)

(a)

図図図図図
3-28.

3-28.

3-28.

3-28.

3-28.
破片の放出時刻と初期位置破片の放出時刻と初期位置破片の放出時刻と初期位置破片の放出時刻と初期位置破片の放出時刻と初期位置: 
: 
: 
: 
: 
(a)
衝突角度0度、スリットありの場合(0_01)
(b)
衝突

角度0度、スリットありの場合(0_02)
(c)衝突角度0度スリットなしの場合
(0_06)

(d)衝突角度

0度スリットなしの場合
(0_21)小さな飛翔体(サボ)の衝突の場合。
(e)衝突角度45度スリットあ

りの場合。(45_01)
(f)
衝突角度45度、スリットなし、小さな飛翔体(3
mm球)の衝突の場合。

(45_21)
(g)衝突角度60度スリットなしの場合(60_01)
(h)
衝突角度70度スリットなしの場合

(70_01)

Fig. 3-28. Ejection time and initial position of fragments: (a) vertical impact employing a slit (0_01), (b)

vertical impact employing a slit (0_02), (c) vertical impact without employing a slit (0_06) (d) vertical

impact without employing a slit, with a small projectile (sabot). (0_21) (d) impact at an angle of 45 degrees,

employing the slit (45_01). (e) impact at an angle of 45 degree without employing the slit, with a projectile

3 mm in diameter. (45_21), (f)impact at an angle of 60 degrees without employing a slit (60_01) (g) impact

at an angle of 70 degrees without employing a slit (70_01)
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(f)

(e)

(h)

(g)
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図図図図図
3-29. 

3-29. 

3-29. 

3-29. 

3-29. 
再構成された垂直衝突において放出される破片の特徴再構成された垂直衝突において放出される破片の特徴再構成された垂直衝突において放出される破片の特徴再構成された垂直衝突において放出される破片の特徴再構成された垂直衝突において放出される破片の特徴: 
: 
: 
: 
: 
(a)
破片の放出時刻と放

出角度
(b)
破片の放出時刻と初期位置
(c)
放出時刻ビン毎の放出角度の変化
(d)放出時刻ビン毎

の初期位置の変化

Fig. 3-29. Fragments of the reconstructed set for one vertical impac: (a) ejection time and elevation, (b)

ejection time and initial positions, (c) histograms of elevation (d) histograms of initial position



(d)

(c)
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