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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,III), 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.

=

I

B =2odMe & Aok FAVIE "EAste] TAbE = BSEA0] o] i &l s A
Ak =l AT Af, PIEe NASAOAM 7P 2s] AP g 38~680 kgs ILE
88~1500 km71x] &€& 4 J3, dAdx= vid 2030719 ZA S FARIL Utk FHLS ESAS FHL
2 A7 Fola mid 45719 2Ag ARk vk Sl A7) A, Al #1718 KSR-1,119} o
Al F718 KSR-MME e oz WAl oy, ¢33 A 7le2 g el vls) 9% =0
A= Aol Folr o]d A A Eofe A=A AW 2 AR Ve 58 Fotol 2435 A
Aok Zolth, wetd £ AFE Tt F=F BSEA il uig e B TANEFS A
Lz gt

g

A\
o

N

fl ﬂi%

Key Words: Sounding Rocket(#HZZ7), payload(F+& B A %), altitude(L %), KSR(SH=38 #ZZA)

.o B
Sounding rocket(#ZFZ7A) “to sound” =
By ooz AFENoH #F FXe} FAVIE H
T IR IR PR | Aste] LALE = ZH O E research rocketo]Z}al
t WAIA A}, E-mail: ywrhee@cnu.ac.kr V= St BE #A=FZAL A9 UU)F,

— 466 —



Fepzol 9, 9P, AeF AALE, XA,
PYR)%, DR, DAL 59 $F B AZ

, AREE T A7 AY Ve gR AT

FITH1,23]. o3 AFEL $F B
H )] e o i, #wF A, ol
TR a3 g A= trlE }
£ A & vk A BAZ2AL v
NASAE HIEst 4 ESA, I=¢ ISPO, ¢
ol JAXA, thvte] NSPO, Betde] AEB 5%
FHOZ JE AMgo] A E T lon, EEA

ol A=A M S yofsta =
o] bRk tite] Akt

S e

o

= 1

22 £

21 Sounding rocket(#Z5ZA) ] 72

HS2AL Fig. 19 ti=FaQd Md=e 2ol
A F F& payload$} rocket motorZ T/JE
t}. Payload #9€ 7|1EHSZ & 7|5 HE
AL 93 ozone detector, °]&F HAUE
Az 2= 54L& $1$ Langmuir electron,
PR 7% 23S A3 airglow
photometer 2 AAAHR Y A7F HsHF A
< $13 magnetometer T F3HH AFAH] o}
gA715 A5t

telemetry, attitude control system(ACS), boost

off g

experiment ey

guidance system(BGS) 5<] support B&, L&
3% T A=
land/water-recovery systemoZ EFEHTH24,
5]. Rocket motord] 79, EF payloads} 1%
£ aEste] 19~4971A] F371ds AZso
ARGt 13t 2%ko] 7ht wWeol A& vk
o]#3 #ZZAL T WA HlF AHI
Hgo 7 $F@ZFo] rhsdta 713a57]179]
A 1LE@ES8 km)ot AENAEL HA LE(160
km) Ate]lE #ZE = Utk E3F o] RofE A
Tahe Aol sHAEA B € Ve 5
o] 713& AlFstal AtH6-9].

3 payload&

Nosecone Experiment Second Stage . First Stage
Modt

ule

N B AN R 4

Recovery Support
Rocket Motor

System Module
Fig. 1 Schematic Concept of Sounding Rocket

Payload

22 "=(NASA) Y] #5=2A Jid 35

v NSRP(NASA Rocket
Program)gt= ZRAHEES 19590 A 2}3o
19801 FWhl NASA Goddard Space Flight
Center/Wallops Flight FacilityE 422 tjd},
719, A7) BEoz AdPsta Yot A
742 28007 ABEel PF-E FAs o EAt

A BEE B% At YT HTE 86%E EF

Sounding

ol 283t wid 20-30719] WA
sl M Foltk. Table 1,291 NASA
programol] & #F=A 9 FF ALS e
Wi, Fig. 33 #Zo] A7 g4 payloadol
wat Z4zpe] ZAlo] @ AMRES o F Ut
5 % Black Brant Z7l0] 7} Eo] &85
Black Brant XI= & 4902 F F¥o] 507,619
Ib¢-secq]  Talos, 362,130 lbg-secq! Taurus,
505,804 1bg-sec?] Brant, 183,8382 Ibg-sec?l Nihka
2 7459 Hd payload 520 kg Hol 1%
1,500 km7HA] €8 538 7[IX1 dow Fig. 4
A= Black Brant V/XI9] A} Zy=of wE
payload A%t 1= YeEH AT A} Fae
Wallops Space Center(V]=, Fig. 2), Poker Flat
(P1=F), White Sands(¥]=), Andoya(*=Z4l°]),
Woomera Test Range(EF) 5°] AtH14,6]. &
Al NASA program-2 Table 3o YEldH Zz 2
of #Z2, FHVIH E "AH wWE ERE
3t AlES Sty A e digtME F
#HE st EA mAdS 7R3 dFE ISt

A

¢

— 467 —



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/
) ] 3 |457/438/438 70-350 1,300-300
(Terrier, Brant, Nihka) 1,930
Black Brant XI 3,353/4,191/
3 |783/578/438 180-500 800-350
(Talos, Taurus, Brant) 5,664
Black Brant XII 790/578/ | 3,353/4,191/
4 136-521 1,500-500
(Talos, Taurus, Brant, Nihka) 438/438 5,334/1,930

1800

1600 Black Brant X Mod 1

Black Brant XI|

1400

Black Brant X

1200

1000

Apogee Alttiude (km)
-]
(=3
o

=3
=3
=]

Terrier mk70 Lynx
400
Taurus
Orion

200
Super
Arcas =
\

— 1
0 + Orion +

¥
~ — _ _ _ — = TerrierOrion

Astronomy, planetary,

solar physics,

microgravity

Black Brant (BBV)

Time Above

(seconds)

Black Brant XI

Terrier Black Brant Mod 2
Terrier Black Brant (BBIX) = 300

100 km

- 1200

- 1100

- 1000

- 900

- 800

- 700

- 600

- 500
- 400

- 100

0 200 400 600 800
Brant Vehicle

Surplus Vehicle Ionosphere layer

1000

Payload Weight (pounds)

1200

Fig. 3 Performance Ability of NASA Rockets [1]

— 468 —

1400

1600




BBVC MK1
17 26" O give Nosecone

600 1b(272 2 ko o 83.0°
—350
220 (-
200 —300
B
x
180 [
:
< — 250,
% 160 |-
—200
140 |-
—is50
120 -
—100
100 |- —50
300 1b(589.7 kg)
80 |-
| | | | | | |
100 150 200 250 300 350 400
Impact Range (km)
Talos-Taurus-Black Brant MK1-Nihka
17.28" OGIVE Nosecone
o
250 Ib(113.4 kg 52 1300
—{1250
—{1200
7.0° —
350 Ib(158.8 kg) 1180
—{1100
400 1b(181.4 kg)
E — 1050
= 450 1b(204.1 ki
.§ ( )] —{1000
1000
B 500 1b(226.8 kg)
z — 950
8 550 Ib(249.5 kg)
gf —{800
<
800 —{850
—{800
—{750
600 —{700
— 650
—{600
Apogee altitudes do not include the weight subtraction —{B50
400 of ejecting the nosecone before Nihka ignition 00
PR [ | . L. . =450

[ . I I L P I T IR B
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Impact Range (km)

Fig. 4 Black brant V(single-stage)/Xll(four stages) Launch Vehicle Performance with Payload [1]

— 469 —

Time Above 100 Km (seconds)

Time Above 100 Km (seconds)



Table 3 NASA Vehicle,
|dentification [1]

Agency,
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Vehicle Numbers
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1975378 AZ2A g A7 AP
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JEe Fslu Qon wiZHEG A AE
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5)9] FF/ ALES JEAT 2L BT
payload 370 kg& 1% 260 km7tA] &8 9F
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(21) | Black Brant V oAA 1966d Hx & ]’% A2 AAAA F
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(42) | Terrier Lynx Table 4 Characteristics of ESA Rockets [2,89]
(45) | Terrier Oriole
Type of Organ. Sponsoring Mission Items MiniTexus| Texus Maser Maxus
A | Government Agency other than D or N Organization | DLR E;I;Si o| ssc EASI,)CS(_:ST,
C | Industrial Corporation -
D Department of Defense Initiation 1993 1976 1986 1990
G | Goddard Space Flight Center Quantity 6 i 1 d
1 International Length(mm) | 10,000 13,000 13,000 16,200
N Other NASA Centers Dia.(mm) 430 430 430 640-1,000
U College or University Payload(kg) 160 370 370 800
Type of Experiment Altitude(km) 140 260 260 705
E | Geospace Seience Morton
G v/ Oprical AStI‘OphinS Kind Nike Goldfinch | Goldfinch | Thiokol
- - First 11D 1IC Castor
H | High Energy Astrophysis tage IVB
L | Sloar System Exploration Thrust | 48,782 Ibf | 42,487 Ibf | 42,487 1bf | 96,735 Ibf
M MicrograVity Research time 3.2 sec 3.7 sec 3.7 sec 64 sec
& Student Outreach Kind Orion | Raven XI | Raven XI -
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Fig. 5 Schematic Diagram of MiniTexus, Texus, Maser,
and Maxus Sounding Rockets [2]



Table 5 Launch Campaign of European Rockets [2]

Table 6. Characteristics of ISRO Rockets [10]

Projects Launch date System Mission

TEXUS 44 2008. 01 VSB-30 rocket Micro-gravity

TEXUS 45 2008. 02 VSB-30 rocket Micro-gravity

TEST 2008. 03 Improved Orion New rocket

MASER 11 2008. 05 VSB-30 rocket Micro-gravity

REXUS 4 2008. 10 Nike-Improved Orion Student

REXUS 5/6 2009. 03 Improved Orion Student

TEXUS 46 2009. 04 VSB-30 rocket Micro-gravity

TEXUS 47 2009. 05 VSB-30 rocket Micro-gravity

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
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Nike-Aphach 2 420 8,310 36 200
RH-75 - 75 - 7 10
RH-125 2 120 1,400 7 19
RH-200 2 200 3,600 10 85
RH-300 1 300 4,800 60 100
RH-300 MK II 1 300 4,900 70 150
RH-560 MK III 2 560 7,700 100 550
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Table 7. Characteristics of JAXA Rockets [12]

Table 8. NSPO Sounding Rocket Program [13]

L e

Fig. 7 JAXA Sounding Rockets [12]
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Dia. Length Payload | Altitude .
Items Stages Items | Launch date Payload(Mission)
(mm) (mm) (kg) (km)
MT-135 - 135 3,300 2 60 SR-1 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
5-520 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. .
(Potential Analyzer, Langmuir probe)
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Fig. 8 Payload Configuration of SR-V [13]

26 BEF(AEB)o] ASEA A A%

BEde 196514 1966A71A] 1de] ZHA
Sonda 1°] % 93] WA} AFE Yo
1990dd]  HE|l=  AEB(Agencia  Espacial
Brasileira)7} AHE WA EHAHoz HAZ=ZA
Aol AZFEAJY. dAA Sonda 3, VS-30,
VS-30/Orion, VSB-30 47}A] Edo] &= 3]
o o]l52 HZBAL Natal, Cassino 2L
Alcantara, =2 9¢|¢] Andoya, Z=9¥l Kiruna &
oA ZAlE 2 9lt}h Sonda 4= 217 1,010 mm,
Z A 7,200 kg®] ¥ 2ACE 3% 800 km
72 AFE FIE & Uk ol HEAd]
#EH2AY Fo AF = AA A Vs,
Az AgF A8 A7 2 viAFEY 373
Aol Table 99AE #AZEAY FF 2 A
Holl skl b ATH14].

— 472 —



Table 9 Characteristics of AEB Rockets [14]

ltems Stages Dia. Length | total wei. | Altitude
(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
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
VS-30/Orion 2 560 7,000 1,800 320
VSB-30 2 580 12,800 2,657 260

24 =H(KAR) S| A== 70 |3
19901 KSR(Korean Sounding Rocket)- I 7}
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Mtolgt= A 9971 3TH3,15,16].
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Table 10 Summary of KSR series [7]

Items KSR- I KSR-1I KSR-IT

Period 1990~1993 1993~1998 1997~2003
Cost(billion) 28 52 78

Stages 1(solid) 2(solid) 2(Liquid)
Length(mm) 6,700 11,000 14,000

Dia.(mm) 420 420 1,000
Altitude(km) 39/49.4 137.2 4.7
Payload(kg) 50~70 150 150
Total impulse(lbf-sec)| 320,562 | 216,550/329,327 | 1,419,507 /43,999

of the KSR-I, KSR-I, KSRl [7]

o
oy,

Fig. 10 The "UV radiometer system, ?LP(Lang —muir
probe)/ ETP(electron  temperature  probe)
system KSR series, and “Magnetometer
system onboard the KSR-III [7]
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Table 11 Characteristics of the KMSR

Item Content
Tittle Korea Multi-purpose Sounding Rocket
Atmosphere, astronomy, solar, planetary,
Purpose . .
microgravity research, and aurora, etc.
Develop. o
. Within 24 months
period
Budget
o 5,000 ~ 10,000
(million, W)
Altitude ~ 800 km
Payload ~ 300 kg
Height 12 ~ 15 m
Height 4.2
First eight(m)
Diameter(m) 0.45
stage N
Total impulse(Ibf-sec) 400,000
Stages -
Height(m) 52
Sec.
Diameter(m) 0.45
stage N
Total impulse(lbf-sec) 510,000
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