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Development Status and Study of the Sounding Rocket

Jinyong Kim* - Taeho Rho* : Wonbok Lee* - Hyuk Suh* - Youngwoo Rhee**"

ABSTRACT

This paper presents development status of sounding rockets containing scientific payload and
telemetry at home and abroad. The case of outside, United States is launching sounding rockets in
20-30 flights per year by the NASA program which offers to carry payload weights of 38-680 kg and
altitude of 88-1500 km. Europe is launching in 4-5 flights per year by the ESA program. The case of
Korean sounding rockets was successful with the launch of three times(KSR-I,II,II), but Korea lags
far behind the advanced countries in the field of development technologies for space launch vehicle.
We expect that our scientific and industrial technologies will be improved through the research and
development of sounding rockets. In this study we proposed necessity and future direction of

development in domestic sounding rockets.
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Fig. 1 Schematic Concept of Sounding Rocket
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Table 1. Application Status of Motors [4]

Motor Total impulse Applied Stage
(Ibf-sec)
Talos 507,619 First-stage
Black Brant 505,804 First, second, third-stage
Terrier MK70 369,593 First-stage
Taurus 362,130 Second-stage
Nihka 183,838 Third, fourth-stage
Orion < Nihka First, second-stage Fig. 2 Wallops Island and Observation: Northern Light [1]

Table 2. Summary of Sounding Rocket Performance of the NASA Program [1, 6]

Items Stages | Dia.(mm) Length(mm) | Payload(kg) | Altitude(km)
Black Brant V 1 438 5,334 270-540 250-100
Improved Orion 1 356 5,334 38-68 88-71
Terrier-Malemute 2 457/406 3,937/- 100-200 700-400
Terrier-Black Brant IX 2 457/438 3,937/5,334 180-540 480-220
Terrier-Improved Orion 2 457/356 3,937/2,794 90-360 250-80
Terrier-Lynx 2 457/356 3,937/2,794 110-220 370-250
Terrier-Oriole 2 457/559 3,937/3,937 360-680 340-180
Black Brant X 3,937/5,334/
(Terrier, Brant, Nihka) 3 457/438/438 1,930 70-350 1,300-300
Black Brant XI 3,353/4,191/
(Talos, Taurus, Brant) 3 783/578/438 5,664 180-500 800-350
Black Brant XII 790/578/ 3,353/4,191/
(Talos, Taurus, Brant, Nihka) 4 438/438 5,334/1,930 136-521 1,500-500
1800
1600 Black Brant X Mod 1 Time Above
Black E{am X 100 km
1400 / N (seconds)
- 1200
1200 - 1100
E
= - 1000
2 1000
2 - 900
<<
5’, 800 Astronomy, planetary, - 800
o .
2 w0l solar physics, 700
Terrier mk70 Lynx I’I"I_IVCI“OgI‘aVIfy - 600
400 o - 500
Orion Black Brant XI
Torrior Black Brant Moz~ 00
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= ~ ; 1
0 — , f -—' - == vTemerOﬂﬂn Black Brant (BBV) ‘
0 200 400 600 800 1000 1200 1400 1600
Brant Vehicle Payload Weight (pounds)

Surplus Vehicle Jonosphere layer

Fig. 3 Performance Ability of NASA Rockets [1]
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Table 3. NASA Vehicle, Agency, and Experiment
ldentification [1]

Vehicle Numbers

(12) | Special/Development Test Vehicles
(21) | Black Brant V

(29) | Terrier-Malemute

(30) | Improved Orion

(35) | Black Brant X
(36) | Black Brant IX
(40) | Black Brant XII

(41) | Terrier Improved Orion

(42) | Terrier Lynx
(45) | Terrier Oriole

Type of Organ. Sponsoring Mission

Government Agency other than D or N

Industrial Corporation

Department of Defense

Goddard Space Flight Center

International
Other NASA Centers

clz|=|Q|g|0|>

College or University

Type of Experiment

Geospace Seience

V/Oprical Astrophyics

High Energy Astrophysis

Sloar System Exploration

Microgravity Research
Student Outreach

Special Projects

Solar and Heliospheric Sciences

Hlw|T|0|Z||T|0|m

Test and Support
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Table 4. Characteristics of ESA Rockets [2, 8 9]

Items MiniTexus| Texus Maser Maxus
L DLR, EADS-ST,
Organization DLR EADS.ST SSC scC
Initiation 1993 1976 1986 1990
Quantity 6 45 11 7

Length(mm) 10,000 13,000 13,000 16,200

Dia.(mm) 430 430 430 640-1,000
Payload(kg) 160 370 370 800
Altitude(km) 140 260 260 705

Morton
. . Goldfinch | Goldfinch | Thiokol
Kind | Nike 1D 1C Castor
First VB
stage
Thrust | 48,782 1bf | 42,487 1bf | 42,487 1bf | 96,735 1bf
time 3.2 sec 3.7 sec 3.7 sec 64 sec
Kind Orion Raven XI | Raven XI -

Second

Thrust | 2,922 1bf | 18,658 1bf | 18,658 Ibf -
stage

time 32 ec 39 sec 39 sec -

uuuuuu

orion
stage

821 Nike M88
Stage

I

Fig. 5 Schematic Diagram of MiniTexus, Texus, Maser,
and Maxus Sounding Rockets [2]
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Table 5. Launch Campaign of European Rockets [2] Table 6. Characteristics of ISRO Rockets [10]
Projects Launch date System Mission Dia. Length | Payload | Altitude
Items Stages
(mm) | (mm) (kg) (km)
TEXUS 44 2008. 01 VSB-30 rocket Micro-gravity
Nike-Aphach 2 420 8,310 36 200
TEXUS 45 2008. 02 VSB-30 rocket Micro-gravity
RH-75 - 75 - 7 10
TEST 2008. 03 Improved Orion New rocket
RH-125 2 120 1,400 7 19
MASER 11 2008. 05 VSB-30 rocket Micro-gravity
RH-200 2 200 3,600 10 85
REXUS 4 2008. 10 Nike-Improved Orion Student
RH-300 1 300 4,800 60 100
REXUS 5/6 2009. 03 Improved Orion Student
RH-300 MK II 1 300 4,900 70 150
TEXUS 46 2009. 04 VSB-30 rocket Micro-gravity
RH-560 MK TIT 2 560 7,700 100 550
TEXUS 47 2009. 05 VSB-30 rocket Micro-gravity
. . L. ATV-D01  |* Advanced Technology Vehicle, Scramjet, 3ton
MAPHEUS 2009. 06 Nike-Improved Orion | DLR mission

MAXUS 8 2010. 03 Castor IVB Micro-gravity

MAPHEUS-2 2010. 10 Nike-Improved Orion | Micro-gravity

REXUS 9/10 2011. 03 Improved Orion Student

TEXUS 48/50| 2011. 04 VSB-30 rocket Micro-gravity

MAPHEUS-3 2011. 05 Nike-Improved Orion | Micro-gravity

MASER 12 2011. 05 VSB-30 rocket Micro-gravity

PHOCUS 2011. 08 Nike-Improved Orion

24 I=(SRO)| B2 N A%

ISRO(Indian Space Research Organisation)ol
Al 1960 2RE LS AlFo=E, 107]/d
AEe #EEAS WAsta Ao dEe Tw
o Al A|Zt¥ Nike-AphachE 19630l WA}SIH
A 196730 QA=A A 1520 BZ2 A
RH-75)E ‘TAbstaich. @Ajol= RH-200, RH-300,
RH-300 MK 1II, RH-560 MK III 47}A] =4 o]
o Table 6914 & & Ux°] HE 1-2€@2
2 FAET. o]F RH-560 MK IS 290 &
A=m o payload 100 kge 550 km7bA] &
obed F ok o]E2 HolF, $F33 Xray
24 #F T A7 STt oy A
AR #3718 A ASer: 28I 9l
o1, QI% Vikram Sarabhai Space Centre$}
Satish Dhawan Space Centre oAl A= 3L
F= HTo= ATV-DO01(Fig. 6)°l =
Advanced Technology Vehicles 7|3} 2010
d 3ge] deHos TAFSEAH10].

Fig. 6 ATV-DO1 Sounding Rocket [10]

25 LFJAXA)S] B T A

ISAS(Institute of Space and Astronautical
Science)oll Al 19691d 7S AJFo = 2003
He 7139 wHAHE JAXA(Japan Aerospace
Exploration Agency)Z 71A3le 1-27]/d A=
o] FZFEZAS WA Utk R glEHA
22 5310, S-520, S5-520 37}A R (Fig. 7)
°] 9loH Table 7914 & < $l=0°] HF 126
o] FA " 555202 HW payload 140 kg
1000 km7hA] =)&) & =& F=EA

- °]
Lz, A7 A7, 1= Ve AFeR

H g7 2
Space Center®} =29 ¢] Spitsbergen oA &
ARE AL QA EH11, 12].
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Table 7. Characteristics of JAXA Rockets [12] Table 8. NSPO Sounding Rocket Program [13]

Dia. Length Payload | Altitude .
Items Stages Items | Launch date Payload(Mission)
(mm) (mm) (ke) (km)
MT-135 135 3,300 2 60 SR-I 1998. 12. None
S-210 210 5,200 20 110 SR-II 2001. 10. TMA(Tri-Methyl Aluminum)
K-9M 420 11,100 55 330 SR-III 2003. 12. TMA(Tri-Methyl Aluminum)
K-10 420 9,800 132 240 SR-IV 2004. 12. Airglow parameter, GPS receiver
S-310 1 310 7,100 50 210 SR-V 2006. 01. Ton probe
Dual-payload
S-520 1 520 8,600 100 300 SR-VI 2007. 09. ) ual-payloa
(Reaction control system, recovery capsule)
55-520 2 520 9,650 140 1,000 .
Two ion traps
SR-VII 2010. 05. . R
(Potential Analyzer, Langmuir probe)

Fig. 7 JAXA Sounding Rockets [12]

26 HRNSPO)o] H==2A 7§19
NSPO(National Space Organization)o 4] 1991
G 28 ARe Ao, 17)/2d FE
#EEAS WARStAL Qlvh ok 1998 Hx
SR-IZ WAlel 33t AIT SR-IIA = 298 A

Ao Agew AW AWAE
a8y SRIIFE SRVIE BE QRE T3
oz FAsPon oHd wxzAe BE 4
» Az Eze A% 9 oLy WA &
% 5¢ 24} 222 23 9tk Table 8914E
T2 wE FFYF dg HES A
313l Fig. 82 SR-Vol|l A3t payload®] A%
e WE AEEE YehdTth divke] #=27
AL 7R o FE AT SISk 1o
o A 201597HA] #E27 870 s AL
AES FHstal ATH13]

GPS Antenna

P/L Magnetometer and Electronics Telemetry PC Board

\ Telemgtry Battery

GPS Receiver

P/L Ton Probe Payload Battery

Fig. 8 Payload Configuration of SR-V [13]
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BEpEE 196594 196613714 1] Z A
Sonda 1°] % 93] WAl APE FY3IHoH
19909t} HEl= AEB(Agencia Espacial Brasileira)
7 AYEEA BEAHoF #AZ2A o] A
Z=E At A Sonda 3, VS-30, VS-30/Orion,
VSB-30 47}A] Edo] HE&EH o —
B2}Z 9] Natal, Cassino @ Alcantara, =2 ¢ 9]
Andoya, 2299l Kiruna SolA EAME I QlTh
Sonda 4+ A7 1,010 mm, ¥ FA 7,200 kg<
HE 20® 1% 800 km7HA dFE FHE
F At ol g HepAe] #AZEA Y F8 AF
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Table 9. Characteristics of AEB Rockets [14]

Dia. Length | total wei. | Altitude
Items Stages
(mm) | (mm) (kg) (km)
Sonda 1 2 110 4,500 100 65
Sonda 2 1 300 5,600 400 180
Sonda 3 2 300 8,000 1,500 600 : ;
. of the KSR-I, KSR-II, KSR-II [7]
Sonda 3 M1 2 300 8,000 1,400 600
Sonda 4 2 1,010 44,000 7,200 800
VS-30 1 560 5,000 1,400 140
E E
VS-30/Orion 2 560 7,000 1,800 320 e
/ oy, -
VSB-30 2 580 12,800 2,657 260 i

28 TU(KAR)S] #5=2A 7 &

1990 KSR(Korean Soundmg Rocket)- T 7}
< AFeZ, 1998 KSR-TI, 2003 KSR-II
A fgste] vl dasidnt. ol &
=272 KARI(Korea Aerospace Research
Institute) —T‘—ﬂoi /‘t%‘iﬂ El EHQ'JJr 0474] °]'°:t

T

£ 433 Ad. Fig 9= 4 #Z=2A9)
< B3 Fig 102 payloadoﬂ A o
AXE JEhAT KSRES AYE Table
100 vheblom KSR-M] B 19he] x5
712, 299 1A kick motor F21 7)o 2% 7‘
o2 payload 150 kg& 3% 437 km7HA &
e Adestidal, W Hxe dA FI7|8
Aolgt= Aol o7t ATH3, 15, 16].

Table 10. Summary of KSR series [7]

Ttems KSR- [ KSR-II KSR-II
Period 1990~1993 1993~1998 1997~2003
Cost(billion) 2.8 5.2 78
Stages 1(solid) 2(solid) 2(Liquid)
Length(mm) 6,700 11,000 14,000 i
Dia.(mm) 420 420 1,000 = 'I
Altitude(km) 39/49.4 1372 127 Fig. 10 The "UV radiometer system, ?LP(Lang -muir
Payload(kg) 50-70 150 150 probg)/  ETP(electron  temperature  probe)
Total impulse(lbf-sec) 320,562 216,550/329,327 |1,419,507/43,999 SyStem KSR Series, and S)I\/Iagnetometer
system onboard the KSR-Il [7]
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Mechanical systems, Electrical systems, Event

timing/Programing, Pyrotechnic devices,

Telemetry systems, Attitude control system,
Recovery system, Boost guidance systems G-
KSR# KSLV-I 4 /NS Tt 5% 7
gHog FH3 ME /e Aoz AGEHLH

Table 11. Characteristics of the KMSR

Item Content
Tittle Korea Multi-purpose Sounding Rocket
Purpose At'mosphe‘re, astronomy, solar, planetary,
microgravity research, and aurora, etc.
Develop. o
. Within 24 months
period
Budget
(million, ) 5,000 ~ 10,000
Altitude ~ 800 km
Payload ~ 300 kg
Height 12 ~ 15 m
Height(m) 42
First
Diameter(m) 0.45
stage
Total impulse(lbf-sec) 400,000
Stages
Height(m) 52
Sec.
Diameter(m) 0.45
stage
Total impulse(Ibf-sec) 510,000

Fig. 11 Domestic Launch Site
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