
3D  

 
 1), 2) 

 

 

 
 

10 km/s
2009 2

10 cm
17000 1) 1000

1999 10 2014 4 15 18
2)

 

1 cm 1000

5

3)

 

4) 5)

6)

 
Astroscale

7)  

8)

BKNO3  
BKNO3 2004

2009
3.2 mm 2.0 mm BKNO3

10 mm 6.3 mm
9) BKNO3

10)



Estes Industries
 

Astroscale 6
4 6

ABS 3D
 

 

 
BKNO3 10 mm

6.3 mm

BKNO3 BKNO3

1 (a) 9) BKNO3 1
BKNO3

7
1(b) 7 BKNO3

1(c)  
 

 
 

7 BKNO3

7 BKNO3

 
BKNO3

BKNO3 1
7 BKNO3

7 BKNO3

2 (a)  

BKNO3 10 mm 6.3 mm
BKNO3 3.2 mm 2.0 mm

3.2 mm 2.0 
mm 2

BKNO3 6 BKNO3 
3.2 mm 12

BKNO3

  

10% 
2

99% 3

99%
BKNO3 2 

(b)  
3D

ABS

.

2 .

BKNO3

BKNO3

(a) (b)

(a)



BKNO3

3D
3
2 3  

 

10-3 Pa
BKNO3 ABS

10 Pa 10
100 Pa  

BKNO3

BKNO3 20%
0.53 m3

3.2 mm 12 10 
Pa 10 mm
BKNO3 7 160 Pa

3
BKNO3 3 mm/s
10)  

4
16 10 mm

BKNO3 4 3
4

7 3.2 mm BKNO3

4
5

HAS-220 (50~100 fps)
 

 

16 10 Pa 2 100 Pa 13

BKNO3

10 mm
3 7 BKNO3

100%  
6

2
BKNO3 0 ms

BKNO3

10 mm

16
1

6(b) 1   

3  BKNO3 2.0 mm
10)  

4 . 

(a) . 

 
(b) 600 ms

6  

5 . 



7
10 mm BKNO3 7

BKNO3

 
8 BKNO3 7

BKNO3  
9

0.34
0.04 s 2.0 0.2 s

BKNO3 3
2 mm 3 = 6 mm

6
3 mm/s 2 s

2.0 0.2 s  
 

 
 

[1] Orbital Debris Quarterly News, Vol.18, Issue 2, pp.10, 
April 2014, NASA, Johnson Space Center. 

[2] Orbital Debris Quarterly News, Vol.18, Issue 2, pp.1, April 
2014, NASA, Johnson Space Center. 

[3]  Liou, J.-C. : An Update on LEO Environment Remedia-
tion with Active Debris Removal, Orbital Debris Quarterly 
News, Vol.15, Issue 2, pp.4-6, April 2011, NASA, Johnson 
Space Center. 

[4] C. R. Phipps, K. L. Baker, S. B. Libby et al. : Removing 
orbital debris with lasers, Advances in Space Research, 49, 
1283-1300. (2012) 

[5] 5 , 
 JAXA-SP-13-018, 2014 3

 
[6] Michael J. Dunn, Space Debris Removal, US 20120241562 

A1, 2012-9-27. 
[7] http://astroscale.com/ 
[8] G. P. Sutton, “Rocket Propulsion Elements, Sixth. Edition,” 

John Wiley and Sons, New York, 1992. 
, , 

,  
, Vol.61, No.1, pp.9-15

[10]M. Nakano, H. Koizumi, M. Watanabe et al. : Laser Igni-
tion Microthruster Experiments on KKS-1, Transactions 
of the Japan Society for Aeronautical and Space Sciences, 
Aerospace Technology Japan, 8-ists27, pp.Pb_7-Pb_11, 
2010. 

 

9

7 . 

8 . 




