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ABSTRACT

As a part of the R&D efforts for the hypersonic vehicles, various flight test programs has
been carried out using small launch vehicles or sounding rockets. Australian HyShot
program is a representative case of the flight test program for scramjet engines carried by
international collaborations. A number of hypersonic flight test programs has followed in a
similar way. In USA, Falcon HTV-2 was carried by DARPA, X-51A by AFRL and HyFly by
ONR. HyCAUSE and HIFiRE were carried in collaboration with Australia. In France, LEA
program is on the way similarly to X-51A. Russia, China and India seems like carrying out
flight test programs for the development of hypersonic defense system. The goals, technical
elements, the status and the relation between the programs were summarized in this paper
as a reference for the similar program of the country in the future.
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Table 2. Sounding Rocket Specification[38-411]

Proaram Sounding | Weight | Thrust | Burn IrrTOLtJ?sl,e
9 Rocket (tonf) | (tonf) [Time(s) P
(MNs)
HyShot Terrier- 6.82 | 520
HIFIRE 0,1 | Orion 1.44 1.28
FASTT Improved 3.74 | 254
) Terrier— 26.2 | 6.20
HIFIRE 6 Oriole 2.04 940 | 285 422
Terrier— 26.2 | 6.20
HIFIRE 2 | Terrier- 3.08 26.2 | 6.20 5.82
Oriole 9.40 | 285
HIFIRE 3,5 | S—=30/Orion 104 | 20.0
ScramSpace | Improved 140 0.71 | 20.0 222
. VSB-30 245 | 11.0
HIFIRE 4,7 5-31/5-30 1.90 104 200 468
VS-40 212 | 56.0
HIFIRE
RES | saormisan | %0 340 [eso| "9

Table 3. Small Launch Vehicle in Korea[42-47]

Sounding | Weight | Thrust Burn | Total Impulse
Rocket (tonf) (tonf) | Time (s) (MNs)
KSR-I 1.60 8.80 18.4 1.59
24.0 3.9
KSR-II 1.61 870 64 2.32
100 34
Hyunmoo-I 4.85 250 290 462
Sounding | Weight | Payload | Ceiling
R k
Rocket (tonf) (kg) (km) ange (km)
Hyunmoo-Il| 7.30 500 - 300
ATACMS
Block 1A 1.32 227 50 300
KM-SAM 0.40 25 20 40
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8 2 F 9F(Total Impulse)S 1HT 7%,
KSR-I, I ¥ Hyunmoo-I 5 2 =u AL
X 7€ F25% HPGAFAA AHEE Table

29 AHES tAE & S Ae=w HAG.



254 As4d - FLH - HAE R ZE T B A
A 4ed a3k o] Boke] whd® 71&S @3t 2011-2200, 17th AIAA  International Space
H H#g2AS o] &3 255 vY AP o]  Planes and  Hypersonic  Systems  and
v et = 7w 2 g8 HG3 ASE Technologies Conference, April, 2011
o AR 7) Perrett, B.,, Sweetman, B. and Fabey, M.,
“US. Navy Sees Chinese HGV As Part Of
=3 7| Wider Threat,” AWIN content from Aviation
Week, January 2014, http://aviationweek.com/
B owre 2013d% H(v B2 awin/ tls—navy—se.es—chinese-hgv—pa1"t—wide.r-t.hreat
Aoz FZATAT S84 7] 2] AL 8) "Hypersonic BrahMos version missile to
(2013M1A3A3A02042430) 2 A% ATHE X 94} Eft ready by 2017," Archivg June 25, 2012
%) (NRF-2013R1A5A1073861)e] 9|8 A3} . p.//archlve.m.dlane).(pr‘ess.com/news/hyperso
fA SZ:E2A A7AME ] AYoT AL nic-brahmos-version-missile-to-be-ready-by-2017/
9121}, 967830/ #
" 9) Richman, M. S. and Kenyon, ]. A., "High
Speed and Hypersonic Science and
References Technology,” AIAA 2005-4099, 41st AIAA/

1) Gardner, A. D., Hannemann, K., Steelant,

J., and Paull, A, "Ground Testing of the
HyShot Supersonic Combustion Flight
Experiment in HEG and Comparison with
Flight Data", AIAA 2004-3345, 40th Joint
Propulsion Conference, July, 2004

2) Sunami, T. Itoh, K, Sato, K. and
Komuro, T., “Mach 8 Ground Tests of the
Hypermixer Scramjet for HyShot-IV Flight

Experiment,” AIAA 2006-8062, 14th AIAA/AHI
Space Planes and Hypersonic Systems and
Technologies Conference

3) Voland, R. T. Auslender, A. H., Smart,
M. K., Roudakov, A. S., Semenov, V. L. and
Kopchenov, V. "CIAM/NASA Mach 65
Scramjet Flight and Ground Test", AIAA
99-4848, 9th International Space Planes and
Hypersonic Systems and
Conference, November, 1999

4) “Russia to Test Killer of US Missile
Defense, RS-26, later this year,” Pravda.ru,
http:/ /english.pravda.ru/news/russia/11-10-201
3/125881-usa_missile_defense-0/

5) Won, S. H,, Jeung, I. S. and Choi, J. Y,
“International Activities of the Developments of
Part II:
Worldwide Scramjet Development Program,”
KSAS Journal, Vol. 34, No. 10, October, 2006,
pp.99-110

6) Falempin, F. and Serre, L., “French Flight
Testing Program LEA - Status in 2011,” AIAA

Technologies

Hypersonic ~ Air-breathing Fingines

ASME/SAE/ASEE Joint Propulsion Conference
and Exhibit, Tucson, AZ, Jul. 10-13, 2005

10) Noh, J. H., Choi, J. Y., Byun, J. R, Gil,
H. Y, Yoon, H. G. and Lim, J. S., “DARPA’s
Vehicle and TBCC  Engine
Programs," KSPE Journal, Vol. 14, No. 1,
January, 2010, pp.65-78

11) Walker, S. H., Sherk, C. ], Shell, D,
Schena, R., Bergmann, ]. F. and Gladbach, J.,
"The DARPA/AF Falcon Program: The
Hypersonic Technology Vehicle #2 (HTV-2)
Flight Demonstration Phase", AIAA 2008-2539,
15th AIAA International
Hypersonic Systems and Technologies
Conference, Dayton, OH, Apr. 28-May 1, 2008

12) "HTV-2 Collects Unique Data during
Several Phases of Second Flight', DARPA
News Release, August 11, 2011,
http:/ /www.darpa.mil/NewsEvents/Releases/20
11/2011/08/11DARPA_HYPERSONIC_VEHICLE
_ADVANCES_TECHNICAL_KNOWLEDGE.aspx

13) “Advanced Hypersonic Weapon (AHW),
United States of America,” army-technology,

Hypersonic

Space Planes and

http:/ /www.army-technology.com/ projects/adv
anced-hypersonic-weapon-ahw /
14) “Labs technology launched in first test

flight of Army’s conventional Advanced
Hypersonic Weapon,” Sandia National
Laboratories, http://www.sandia.gov/LabNews
/120518 . html

15) Noh, J. H., Won, S. H., Parent, B., Choi,

J.. Y, Byun, J. R. and Lim, J. S, "Core



043 & 3 5%, 2015, 3.

FzA 2 A% TAHAE o8 FAE SEEFE HIPANY - 255

Technologies of the X-51A SED-WR Program,"
KSPE Journal, Vol. 12, No. 5, October, 2008,
pp-79-91

16) Hank, J. M, Murhy, J. S. and Mutzman,
R. C, "The X-51A Scramjet Engine Flight
Demonstration Program," AIAA 2008-2540, 15th
AIAA
Hypersonic Systems and
Conference, May 1, 2008

17) Norris, G., "X-51A Waverider Achieves
Goal On Final Flight," Defense content from
Aviation Week, May 2, 2013,
http:/ /aviationweek.com/defense/x-51a-waverid

International ~ Space  Planes  and

Technologies

er-achieves-goal-final-flight
18) Norris, G., "High-Speed Strike Weapon
To Build On X-51 Flight," AWIN content from
Aviation Week, May 20, 2013,
http:/ /aviationweek.com/awin/high-speed-strike
-weapon-build-x-51-flight
19) Bussing, T,
(HyFly),
Technology Office,

"Hypersonic
DARPA

Flight
Demonstration Tactical
http:/ /www.darpa.mil/tto/ programs/hyfly.html

20) “HYFLY,” Missile Threat, April 5, 2013,
http:/ /missilethreat.com/missiles/hyfly/

21) DARPA, "Department of Defense Fiscal
Year (FY) 2015 Budget Estimates," March, 2014,
http:/ /www.darpa.mil/WorkArea/Download Ass
et.aspx?id=2147487546

22) Tactical Weapon Demo," Aviation Week,
March 26, 2014,
http:/ /aviationweek.com/ defense/darpa-kicks-h
ypersonic-boostglide-tactical-weapon-demo

23) Foelsche, R. O. Beckel, S. A., Betti, A.
A., Wurst, G. T, Charletta, R. A. and Bakos,
R. J, “Flight Result
Develop a Freeflight Atmospheric Scramjet Test
Technique,” AIAA 2006-8119, 14th AIAA/AHI
Space Planes and Hypersonic Systems and

from a Program to

Technologies Conference

24) Foelsche, R. O., Leylegian, J. C., Betti, A.
A., Chue, R. S. M., Marconi, F., Beckel, S. A,
Tyll, J. S., Charletta, R. A. and Bakos, R. ],
“Progress on the Development of a Freeflight
Atmospheric Scramjet Test Technique,” AIAA
2005-3297, AIAA/CIRA 13th International Space
Planes  and

Hypersonics ~ Systems  and

Technologies

25) Ingenito, A., Bruno, C. and Cecere, D.,
“LES of the HyShot scramjet combustor,”
ATAA 2010-758, 48th AIAA Aerospace Sciences
Meeting, January, 2010

26) Walker, S., Rodgers, F., Paull, A. and

Van Wie, D. M. “HyCAUSE Flight Test
Program,” AIAA  2008-2580, 15th AIAA
International Space Planes and Hypersonic

Systems and Technologies Conference, 2008

27) Dolvin, D. ]., “Hypersonic International
Flight Research and Experimentation,” AIAA
2009-7228, 16th AIAA/DLR/DGLR International
Space Planes and Hypersonic Systems and
Technologies Conference

28) Odam, ]., Paull, A., Alesi, H., Hunt, D.,
Paull, R. and Pietsch, R., “HIFiRE 0 Flight Test

Data,” AIAA 2009-7293, 16th AIAA/DLR/
DGLR International = Space  Planes and
Hypersonic Systems and Technologies
Conference

29) Adamczak D., Alesi, H. and Frost, M.,
“HIFiRE-1:  Payload Manufacture,
Ground Test, and Lessons Learned,” AIAA
2009-7294, 16th AIAA/DLR/DGLR International
Space Planes

Design,

and Hypersonic Systems and
Technologies Conference

30) Jackson, K. R., Gruber, M. R. and
Buccellato, S., “HIFiRE Flight 2 Overview and

Status Update 2011,” AIAA 2011-2202, 17th
AIAA  International  Space  Planes and
Hypersonic Systems and Technologies

Conference, April, 2011

31) Bowcutt, K., Dolvin, D. J., Paull, A. and
Smart, M., “HIFiRE: an
Collaboration to Advance

International
the Science and
Technology of Hypersonic Flight,” Report ICAS
2012,
http:/ /www.icas.org/media/pdf/ICAS%2
0Congress %20General % 20Lectures/2012/HiFire.p
df

32) Smith, T. R, Bowcutt, K. G., Selmon, J.
R., Miranda, L., Northrop, B., Mairs, R., Unger,
E. R, Lau, K. Y., Silvester, T., Alesi, H., Paull,
A., Paull, R. and Dolvin, D. J., “HIFiRE 4: A
Low-Cost Aerodynamics, Stability, and Control
Hypersonic Flight Experiment,” AIAA 2011-
2275, 17th AIAA International Space Planes
and Hypersonic

Systems and Technologies



256

sk

BT

Conference, April, 2011

33) Kimmel, R. L., Adamczak, D., Berger, K.
and Choudhari, M., “HIFiRE-5 Flight Vehicle
Design,” AIAA 2010-4985, 40th Fluid Dynamics
Conference and Exhibit, June, 2010

34) Bolender, M. A, Staines, ]J. T. and
Dolvin, D. J., “HIFIRE 6: An Adaptive Flight
ATAA 2012-0252, 50th
AIAA Aerospace Sciences
2012

35) Smart, M. K. and Suraweera, M. V.,
“HIFiRE 7 Development of a 3-D Scramjet
for Flight Testing,” AIAA 2009-7259, 16th
AIAA/DLR/DGLR International Space Planes
and Hypersonic
Conference, 2009

36) Kirkland, J., “SCRAMSPACE team awaits
further information on launch,” UQ News, The

Control Experiment,”

Meeting, January,

Systems and Technologies

University Of Queensland, September, 2013,
http:/ /www.uq.edu.au/news/article/2013/09/sc
ramspace-team-awaits-further-information-launch

37) Banerjee, S., Creagh, M. and Boyce, R,
“An Alternative Attitude Control Strategy for
SCRAMSPACE 1 Experiment,” AIAA 2014-1475,
AIAA  Guidance,
Conference, January, 2014

38) Kevin, M. C,, Eric, I, Kevin, L., Steven,
M., Steven, M. and Rudy, W., “A sounding
rocket payload experiment on zero gravity fuel

Navigation, and Control

gauging using modal analysis,” Proceedings of
the Wisconsin Space Conference, 2014
39)  “5-30”

Encyclopedia  Astronautica,

http:/ /www.astronautix.com/stages/s30.htm#m
ore

40) “VSB-30,” Wikipedia,
http:/ /en.wikipedia.org/wiki/VSB-30

41) “VS-40,” Wikipedia,
http:/ /en.wikipedia.org/wiki/VS-40

42) Moon, 1. S, Moon, 1. Y., Cho, S. B. and
Ha, S. U, “Study on Methodology of Low

Cost Sounding Rocket Development,” 2013
KSPE Fall Conference, December, 2013,
pp-45-51

43) Roh, W. R,, Park, J. J.,, Hong, I. H., Lee,
S. J., Cho, G. R. and Moon, S. H., “Flight Test
of KSR-II (Performance Analysis and Flight
Results),” 1998 KSAS  Fall Conference,
November, 1998, pp.415-418

44) “Hyunmoo,” GlobalSecurity.org,
http:/ /www.globalsecurity.org/military/world/r
ok/hyunmoo.htm

45) “ATACMS™ ” Lockheed Martin,
http:/ /www.lockheedmartin.com/content/dam/1
ockheed/data/mfc/pc/atacms-block-la-unitary/
mfc-atacms-block-la-unitary-pc.pdf

46) “The Surface-to-Air Missile System:
MSAM/MRADS/Vityaz,” DTIG (Defense Threat
Information Group) Special report,
http:/ /www.dtig.org/docs/MSAM-MRADS-Vity
az.pdf

47) “KM-SAM(Cheongung),” LIG Nex1 Product,
http:/ /www .lignex1l.com/en_US/product/produ
ct_detail jsp?pid=3&scodel=&scode2=&scode3=&
skey=



