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Abstract

The Reusale Sounding Rcket is afully re-usable sutorbital sounding rocket thatkesoff and lands vertically from/othe same launch
site. The Reusable Sounding Rocket recoiterpayload: one can make repeated use of instruments, recover samples, have a big data storage
onboard, and so on. The Reusable Sounding Rocket can be launched daily. The tefgesmasttonis 1/10 of the existing sounding rocket,
S-310.The duration ofng environment is about 3 minutes. The payload bay is in theaooseand its volume is 0.8m in diameter and 1m in
height. The maximum ass of the payload is 100kg.
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1. Introduction transportation cost reduction of 1/100 compared to the present

) ) ) cost. A reusable system is inevitable to realize the cost reduction
Institute of Space and Astronautical Scien&A@) has been as well as technology innovatiolSAS has studied a reaisle

operatingexpendablesounding rokets for scientific researches. rocket as a future space transportation system. As the first step,
Since the sounding rockets launch to the sea, the payloag.ne reusable rocket demdns aRetusabl e Vehicle

recovery costs too much and is almost impossitfierefore the oy \as developed in 1997. RVT demonstrated (1) vertical
sounding rocket experiments have been limitéte use cannot takeoff and landing, (2) reusabilityf liquid oxygen (LOX) and
reuse the payload, noecover the sampldhe user can get data ;. ;i hydrogen (LH2) rocket vehicle, (8pmposite light weight

V|.a tdemetry downlink only..The expendable system leads to cryogenic tanks(4) 24 hour streamlined tuaround operation,
high launch cost, long durations for launch preparation and afewand so on, until 2003ith yearly upgrades of vehicleThe

launch oppo.rtunltles in gyeﬁme |mprov§ment of the sounding maximum altitude of RVT test was 42ifihe last flight version
rocket experimental environment is desired.

) ) of RVT and its streamlined turaround operation are shown in
A future space transportation systemequires space

Fig. 1, andFig. 2, respectively.

As a next step, a ballistic flight vehiclehich is reusable and
can be used as a sounding rockét,Reusabl e Soundi nog
- hasbeen proposed toedevelogd

2. Reusable Sounding Rocket

The mission ofReusable Sounding Rockit (1) a ballistic
flight whose apogee altitude is higher than 100km, carrying more
than 100kg of payload, and coming back to the same lasitegh
(2) thatthe rocket is reusable more than 100 times, (3) that the
turnaround time is less than 24 hours, (4) the operation cost for 1
flight is order of 1/10 of the cost of the present expendable
sounding rocket, 810, and (5)hat the Reusable Sound Rocket
systen is practicable fom the technology and financial point of
view: The Reusable Sounding Rocket system makes available in
5 years once its development project starts.

The conceptual design was conducted to define the feasible
Reusable Sounding Rocket systé&fartical takeoff and vertical
landing system was adopte keep the turaround time less

Fig. 1 Reusable Vehicl@esting (RVT)

Institute of Space and Astronauti@dience, JAXA3-1-1 YoshinodaiSagamiharsKanagaw&52-5210Japan
(E-mail: ogawa.hiroyuk@jaxajp)

09153616/2016/33(3p303@ (5) 3303®B-1 ©2016 The Jpn. Soc. Microgravity Appl.
http://www.jasma.info/journal/


http://dx.doi.org/10.2345/jasma.35.23456
http://www.jasma.info/journal/

Reusable Sounding Rocket

Streamlined
Turnaround Operation
Many Lessons Learned

Fig. 2 StreamlinedlurnaroundOperation.

Table 1 Reusabl&Sounding Rocket specification

Fuselage length 13.5m
Fuselageliameter 2.7m sqare
Payload mass 100kg
Gross mass 11.6ton
Dry mass 4.4 ton
Propellant LOX/LH2
Thrust(sea level) 40kN x 4
Isp (sea level) 320sec
Engine cycle Expander bleed
Throttling 40-100%

than 24 hours. The Uchinoura Space Cefu&C)was selected
as the launch site to make use of the existing lsnpporting
facilities and save the total cost to be practicaiblee 1 fail
operativeand 2 fail safe systemrchitecture was incorporated in
the system desighe lessons learnegbat were obtained in the
RVT actvities were taken into account.

The specification of Reusable Sounding Rocket is shown in
Table 1 Thevehiclecomes back to the launch site evéthe 1
engine fais. The LOX/LH2 expander bleed cycle engiffég. 3)
was adopted so that the future space transportation system makes
use of the operation lessons learned of the Reusable Sounding = South of |

Site

Rocket. The 40kN class engine is best from the development | Kyushu A \ .
point of wevy. The verlflc:?\tlon of the reusable engine requires = A . FIth‘Trajecfmry
manyoperationsand long time. 2 il

The flight trajectorylaunched from USCand the mission

Fig. 4 Flight Trajectory Launchedfrom Uchinoura Spau
profile areshown inFig. 4 andFig. 5, respectivelyThe rocket Center
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flies toward the sea with00% throttle of the engines initially.

engine throttling level the landing is very sdfhe lowgravity

Several minutes after (depending on the mission), the engines aenvironment and aerodynamic load level are showfign 6

cutoff and a ballistic flight starts. The micgravity
environment of 3-5 minutes (depending on the gravity level and
the altitude of the apoge& obtained until the reentry to the

along with the summit atude.
The mission operation timeline is showrFig. 7. The payload
setup is finished a day before the launch. The late atedks

atmosphere. The vehicle glides in the atmosphere towards theayload is allowed till 4 hours before the laurithe early access

launch site.Before the landing the turover maneuver is
conducted and the engines areigmsited. By controlling the

Max Altitude

Coasting =

]
"

to the recovered payloasl3 hoursafter the launchThe payload
unloading is possible after 6 hours or later from the recovery of
the vehicle.

The payload bay is in the nesene of the vehicle. The
command interface (I/F), the analog/digital telemé&#y eledric
power supply I/F, acceleratioand environmental monitoring,
and data recorder I/F are prepared as the usefTi#ésenvelope

o> Gliding of the payload bay is 0.8m in diameter and 1m in height. The pay
Engine Cutoff : = Turnover load mass is less than 100kg. The airframe of Rieeisable
= UG Experiment » . . ..
/ Js. Sounding Rocket and the payload bay is showfign8.
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Mission operation timeline
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Payload bay

®0.8m
LOX Tank
®1lm
LH2 Tank
4 Engines < 100kg

Landing Gear

Fig. 8 Reusable Sounding Rocket airframe and payload bay
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Flow Instability Characterization Cryogenic Propellant Motion/Management
in Large Jet Interaction /High AOA Analysis& Tests for Returning Flight
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Fig. 9 Technology maturing studies

3. Various Technical Maturing Studies and propellant motion management, (3) the toxer maneuver
the ReusabIeSounding Rocket Technology demonstration, (4) cryogenic composite tank, (5) the expander
Demonstration bleedcycle LOX/LH2 engine 100 times reuse and 20% deep

The various technology maturing studi€sg( 9) have been throttling, and so onFigure 10 shows theReusable Sounding

conducted such as (1) the flow instability characterization in Iarge_ll?::cket tec:nology _derr;onstratlon .cond:ctﬁd :jn ) (_1) ¢
jet interaction under the high angle of attack, (2) the cryogenic e repated operation demonstration, (2) the demonstration for

330364



Hiroyuki OGAWA, et al.

1

FY2010 1 FY2011 ! FY2012 ! FY2013 ' FY2014 1 FY2015 '

| ! ! | 1 |

System design | | System design | | System designl System design, I/F desikn

e H i i ] | l S

® % c Proto-type Engine Development and Manufacturing mponentTest | | Repeated OperatiunTlas ! .
g o .2 1 Y 1

S3E : : : : ;

. . U

§ :C_-’ gx. : Reusable Cryo-lnsullatlon Demonstration—> : l TarkinsUlationtek :

1 ) :

1

| Aerodynamic Design and Flight Demo. for Returning Flight
1 1}

Design&WindTudnelTest I Manufac. |:| Flight Demo
1

Demonstration
For Health
Monitoring

. -
\iv &
Aerodynamic design

—owigetnli  MROPat System design

Engine component

Manufacturing
Fuel/Oxidizer Tank Landing Gear Test-bench
-Sloghing development
*Drainage Health monitor sensor

development

8 ! ' | ;
1 B
s ‘E o T SIDIETEE et 1 Management Tegt
'.é =® Fuel/Oxidizer Management Demo. ], \ - ] :
w S . 1 1| Sloshing Test | 1 i
B EE | 1 1 / !
SES ! ! T 1
£ 3o I : ] Recirculation system test i
v v C L I = 1
= | Landing Gear component test I Deployment Test Element Landing Gear I
! . Test system test !
1 1 1 1 1
! i ! ! '
: 1
| Health Monitor ensor test lﬁl | Diffuse test | System test :
I
1
| i
1
I
1
1

Turbo-pump Combustion
Chamber

—a
[t 8
e
Anmn
RELERRWN
N\ gees
B, (FCOARR
L o7
-
ACSIZs &
L5
3ua-+ NI
iy

Returning Flight demonstration

A -
Engine cool-down by
recirculation pump test

Fig. 10 Reusable Sounding Rocket technology demonstration

4. Concluding Remarks

The Reusable Sounding Rocket concept and design were
presented Oneorderof-magnitude cost reductiordaily turn
around and payload recovery will be realized. Ttechnology
demonstration project has beegingconductedThe conceptual

designer’' s iRade is shown in
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