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Development Status and Study of the Sounding Rocket

Jinyong Kim* - 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 state is launching sounding rockets in 20-30
flight per year by the NASA program which offer to carry payload weights of 38-680 kg and altitude
of 88-1,500 km. Europe is launching in 4-5 flight per year by the ESA program. Japanese sounding
rockets are being applied an Antarctic exploration and flight verification in 1-2 flight per year. The
case of korean sounding rockets was successful with the launch of three times(KSR-I,II,IH), but our
development techniques for space launch vehicle lag behind other industries. Therefore, Launch vehicle

development should enable with the support and acquirement of advanced technology.

=

Jh

B =FdAe &= AX9 $£27E gAY dAEE #AZ22A9 FuUle) A dgd dis) ME
stk =9 AT Af, vFe NASAdA 7bd s =i gAE 38~680 kgs L=
88~1,500 km7HA] &4 F Jom, AT 20-307]/d9 AL WA Utk 3L ESAS T4
2 AT Folal 457]/d9 2AL WARBIY Jom, dELE 127]/de] EAS HHEAHA AT o]

f

G 2 W 4% 5o 2833 Atk T A7 4%, 2A FA71@ KSR-1,09F A
F271% KSRIIE 3402 WA o, $7MAA AN 7% B 2ol ulal 43 o] Qe

Aol ddoltt. wEhA o7 WA A Eoke HASHQ Ad B AR Ve 55 T e
Al Ak Aot

Key Words: Sounding Rocket(#ZZ7), payload(-+& A %), altitude(IL %)

ZAL “to sound” = oLl FH =

dow TS FX g $21718 FAStH EALE=
ZHA S F research rocketo|ztil EH 7= 3hth

* (_Z,_)iﬂ—i]— = pEzago - .
= Feista et st e w5 A= o 71 Zeh=vp @4,
A=A A}, E-mail: iceprins@hanwha.co.kr Ay, AgE AALE, sg AU71=, A



H
[17]. o123 T35 Tt 5 Zof #d 7
o a3 s 4, #F U9, "= TR
4¥T F

1 B==279] 71a

BSZAL Fig. 19 ti=FaQ Md=e 2ol
aA F F& payload$} rocket motorZ T/JE
t}. Payload #9& #3H4 A@AH & &271&
HASE experiment EE T telemetry, attitude
control system(ACS),
(BGS) &9 support

Z,: 13

boost guidance system

2 &, 112]3 payloadE 3
1y = land/water-recovery system® =2
=5 [23]. Rocket motore] 7%, E%
payload®} AEE 1E 3 1@~4T@7t2] FH7]
s AZFst ARgste 193 29 7 wol
AL&E3 At o]Yg FZFZAL OE LA
of Wl ARG vger $FUZ AFedm,
27179 Ao =48 km)9t AEHA Y
AA WE(160 km) AbolE BEF 4 o] ol
Bokg dFshe AeAsh AN B o
e £59 718 E AFsta JoH7-10].

2=
T
=

7178

e

Nosecone Experiment . Second Stage . First Stage .

Module

L /7 7
I m‘ \Eu /P

| |
Rocket Motor J

Recovery Support
Fig. 1 Schematic Concept of Sounding Rocket

System Module

Payload

22 HIFH(NASA)S] BZ=7 e @3

u=2  NSRP(NASA  Sounding  Rocket

Program)2}=

77X 28007}

A BFE 5%,

TZAES

Az e

)l

=
TE

3 g

1959\ o]
19801 FRF-E NASA Goddard Space Flight

Center/Wallops Flight FacilityE 422 tjs},
719, BE71#e] #5o2 APt g

A2 shel

Aot A

Fastgon Wit

AEE 86%E A3

33Tk NSRP& ,
& =98, A4 WS, 28
g ARt ofye} areyg A
THY o

sl A

o] tg sounding rocket<]

o] &85 Black Brant XI+=
o] 507,619 Ibf-sec! Talos,

HAed, AT
A =ds, va
T Tl &3 20-307]/d HALE
Z°]t}. Table 1,24 NASA program

TR AAE vE
elth. 15 % Black Brant 250 714 @

Fador = F
362,130 Ibf-sec¢!

Taurus, 505,804 lbf-sec®] Brant, 183,838 Ibf-sec
9l NihkaZ FA45™ #Hdl payload 520 kg

ol

o). Fig. 29} o] AF
77te] 2Ae] wel AHEEL

A% 1,500 km7HA] &€ FTES

3

=

J}A 2

#} payloadel wet

KR o]- /\ 011;]_ H]—A]_

A

74
4+ Wallops Space Center(¥]=1), Poker Flat

(m1=5),

White Sands(7]

=), Andoya(:=2Z4°]),

Woomera Test Range(ZF) T°] ATH1,2,7].

Table 1. Summary of Sounding Rocket Performance
of the NASA Program

Dia. Length | Payload | Altitude
Items Stages
mm) | (mm) | (kg | (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 3,937/
2 457/438 180-540 | 480-220
Brant IX 5,334
Terrier 3,937/
X 2 457/356 90-360 250-80
-Improved Orion 2,794
X 3,937/
Terrier-Lynx 2 457/356 110-220 | 370-250
2,794
3,937/
Terrier-Oriole 2 457/559 360-680 | 340-180
3,937
Black Brant X 457/ 3,937/
(Terrier, Brant, 3 438/ 5334/ 70-350 | 1,300-300
Nihka) 438 1,930
Black Brant XI 783/ 3,353/
(Talos, Taurus, 3 578/ 4191/ | 180-500 | 800-350
Brant) 438 5,664
790/ 3,353/
Black Brant XII
578/ 4,191/
(Talos, Taurus, 4 136-521 | 1,500-500
. 438/ 5,334/
Brant, Nihka)
438 1,930
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Table 2. Application Status of the Motors

Table 3. Characteristics of the ESA Rockets

Total impulse . Items MiniTexus Texus Maser Maxus
Motor Applied Stage DLR EADS-ST,
(Ibf-sec) Organization DLR EADS /ST SsC scC ’
Talos 507,619 First-stage Initiation 1993 1976 1986 1990
Black Brant 505,804 First, second, third-stage Quantity 6 45 11 7
Terrier MK70 369,593 First-stage Length(mm) 10,000 13,000 13,000 16,200
Dia.(mm) 430 430 430 640-1,000
Taurus 362,130 Second-stage Payload(kg) 160 370 370 800
Nihka 183,838 Third, fourth-stage Altitude(km) 140 260 260 705
Morton
i i i - Goldfinch | Goldfinch
Orion < Nihka First, second-stage it Kind Nike OIH;HC OHC"‘C Thiokol
sta;e Castor IVB
stag Thrust | 48,782 1bf | 42,487 Ibf | 42,487 1bf 96,735 1bf
1800 time 3.2 sec 3.7 sec 3.7 sec 64 sec
Kind Orion Raven XI Raven XI -
1600 ] Back st xuoa 1 Time Above Second
s s . Thrust | 2,922 Ibf | 18,658 Ibf | 18,658 Ibf -
1400 '“‘_"1";;; stage time 32 ec 39 sec 39 sec
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Fig. 2 Performance Ability of the NASA Rockets
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Fig. 3 Schematic Diagram of MiniTexus, Texus, Maser,
and Maxus Sounding Rockets

Table 4. Launch Campaign of the European Rockets

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 2009. 11 Castor 1VB Micro-gravity
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Table 5. Characteristics of the JAXA Rockets

Dia. Length Payload | Altitude
Items Stages
(mm) (mm) (kg) (km)
MT-135 - 135 3,300 2 60
5-210 - 210 5,200 20 110
K-9M - 420 11,100 55 330
K-10 - 420 9,800 132 240
S-310 1 310 7,100 50 210
5-520 1 520 8,600 100 300
55-520 2 520 9,650 140 1,000

24 U(KARD)S] #5271 7§18

1990d KSR(Korean Sounding Rocket)-I 7l
g AlZo 2, KSR-I 19981 d, 133 KSR-II
£ 20030l A ekgste] mlF el Agshiich
olfgt #=Z=Z A2  KARI(Korea Aerospace
Research Institute) FHO = AP 2 of g}
o AAE FItd LS FH fon N
FEo 0EF BA, ol2T, XA, LEF EE,
27174 549 dFE AFHsIAT. Table 60
KSRE 9] A& vehllen KSR-Mo| ¢ 1%
of HAFR7|H, 2o 1A kick motor F77]
#e 2v F4 0 =Z payload 150 kg IL% 43.7
km7hA] &2 = A& 3k TH5,6,11].

Table 6. Summary of the KSR series

Items KSR- I KSR-1I KSR-IT
Period 1990~1993 1993~1998 1997~2003
Budget(billion W) 28 52 82

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
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