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Taking a Step toward the Dream
Ushering in the Era of Space Exploration
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AsVirgin Galactic and Blue Origin succeeded in their commercial space tour recently, the era of space tourism has begun.

It will be soon to explore the unknown world while traveling through space, just like people imagined when they were little.

So, how advanced are space development research and technology?

We met Professor Ryu Keun from the ERICA Campus’ Department of Mechanical Engineering,

devoting to the key machine components development research for a launch vehicle.
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Focusing on reusable launch vehicle research
Launch vehicles are rockets used to transport satellites, people, or cargo to outer

space beyond the Earth’s atmosphere. It is what comes to mind when you think of
spaceships.

What is getting global attention related to launch vehicle development are additive
manufacturing technology, methane rocket engine technology, and reusable launch
vehicle technology. The additive manufacturing technology, commonly known as 3D
printing, helps to lessen the time and cost of producing launch vehicle parts that were
formerly difficult or impossible to create, lighten engine weight, simplify structures,
improve performance, and conduct research and development. Furthermore, as
private companies’ participation in the launch vehicle market is increased, research on
reusable launch vehicles focused on the efficiency and reliability of rocket engines is
actively conducted in order to reduce the overall cost in the launch process.

“An increased number of research on methane rocket engines, which are excellent
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Bearings and sensors from the performance test rig for bearings
of liquid rocket engine turbopumps
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A high-speed turbocharger for rotation of turbopump
bearing test rig
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Disassembled bearings for small gas turbine engines

in reusability and fuel supply, is being carried out. Methane rocket engines do not
produce any pollutants unlike previous kerosene rocket engines and have high
reusability as it is environment-friendly with no toxin in combustion products.”

Professor Ryu explained that methane rocket engines also have advantages in
terms of efficiency, as they can internally supply themselves on the planet while
probing. For these reasons, the countries with advanced space technologies are
already putting effort into securing fundamental technologies while developing

launch vehicles with methane engines.

Developing rotor and bearing systems for liquid rocket engines

Launch vehicles are a combination of complex and diverse mechanic systems.
There are two types of rocket engines—solid and liquid. Usually, rocket engines

using solid fuels have simple structures and high reliability, but scaling-up and
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The first-stage QM of Korean space launch vehicle Nuri, being developed with domestic technologies
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guided control are difficult. On the other hand, liquid rocket engines have complex
structures and are hard to develop but are easy when scaling up and controlling.
Launch vehicles that we often see in the media use liquid rocket engines. Liquid
rockets create propulsion by combusting fuel and oxidizer, which are propellants,
at high pressure through turbopumps. Therefore, turbopumps are necessary parts
required for building launch vehicles.

Professor Ryu researches these liquid rocket engines. His research team has
accomplished outstanding achievements by being consecutively selected since
2017 for the Ministry of Science and ICT’s “New Research Support Program,”“Core
Space Technology Development Program,” and “Mid-career Researcher Support
Program.” Recently, they received the Best Presentation Paper Award in the 55th
Korean Society of Propulsion Engineers Conference. The title was “Static Load
Characteristics of Hybrid Fluid Film Thrust Bearings for Liquid Rocket Engine

Turbopumps in Reusable Launch Vehicles: Comparisons between Experiments and
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The significance of securing fundamental technologies through

SXL L Sst dMIE st F24 independent development
2z|Ll2te}t Oj=2e] Ht Ch=0| RF 2| s =7l= Xfol= &A There is a distinct difference in how citizens of Korea and the United States think
SiCH a2 7RI AP|E|M 27 7HEt AHIX|L|{E ZJAHSHH ZZLHof| about space tours. For instance, there is not a single company in Korea hiring rocket

J= ot St 7Ho| SIAIE FHS 4= UX|TE O|Z20ME 20 B2 = ¢ development engineers in job search websites, but there are numerous in the U.S.,
£ 0= B2 7|90| HE IR LTAKR0| EHOE gI1Zt7 |0 as many private companies are jumping into the space industry.
8= BrheE s=o)ck, At present, leading countries in space development, such as the United States, Japan,

SIXf 0]=2, Y=, A0}, B2 S /M MRZE2 SHE QAR Russia, and China, are conducting development based on their own fundamental
ZE9| M7= g EZ A0 AMZ|Mof| =XE by 7S X technologies for parts and focusing on economic feasibility and reliability. They
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Z2 R2|LI2E=E SAPRoZ JHdlSH 75ES oA =2 IR0} 7EZ oH Lately, Korea independently developed a 75-ton liquid rocket engine and a launch
HZ2AARIS EXSt 2 LFUALN| F2|S'E s 2219 ¢ vehicle, Nuri, with a seven-ton liquid rocket engine, securing the technology to
MNE 2FZ "INl £ Q= 7|&HE StHIlCt 0|2t & st=akE launch satellites to outer space. Diverse liquid rocket engines are being developed,
LEIALLS ZAloZ kst o2 AR Jj S BElistT QlCt led by the Korea Aerospace Research Institute. Korea plans to acquire a large-
0|2 HIEtOZ 2040E77K| Cist L UR £3H0| 7HsSt CHad scale launch vehicle platform technology that can carry out various space missions
A Z2E 7|2 StHSE AlSlo|Ct RF2AR (e QIR 7|8 AL by 2040. As the engine technology for launch vehicles is a strategic technology
7l & =27} ot} ZIMA™Oo | LHSH 2|7t e TEF 7|=Ql ot closely related to military technology and national security, it is essential to
= = LI2lof| oJE5IX| = M7 |3 sdyF 2 =5t 5t secure fundamental technologies. Unfortunately, Korea currently lacks research
X|2F OHEFAAIE Sixl 2Lz |X7 |20 st 7|&3, EF| 7|= infrastructures and technologies, especially in mechanical element parts.
CHR|9| 7|HQAEE0]| St A Q=2 7|=210| iR BT A “To complete the mid-and long-term plans for space development in Korea, it
23 DA OxuiH|o| HFEAOIRI E{HEI0| MRS A Q= HIOIZITF BIXIH| AJAR HTIE xIsslT Qi) o|ct is imperative to develop launch vehicles domestically and secure fundamental
Professor Ryu researches bearings and rotor systems applicable for liquid rocket engine turbopumps of a launch vehicle ‘LY 2T SET| AlElE MEXoZ MG QIsiAE A HRIX technologies for technological independence in the space industry and future
0|1 =2X0| FEAA| 7Hetnt R|IM7 | stEIF "AsH |CF =LY exports of related technologies and technology transfer. In addition, in the long
QEMAO| 7|& XA SHE 22 s A 7|s9| £&1 7|20 term, there is a need for change from the current government-led research
M ZHOME £SR5HE. 022 A7 |Xo2 = S M2 FEo| ¢t and development to a private company-led or -cooperating structure for
HZAATIL BHEEIT 2 L |IRM7 | &Hof 3A| 7|6 ZHe Predictions.” This research is expected to largely contribute to securing fundamental JHEO M ARSIE Q8 BIZP Y T 2 &3 1X 20| HEy} & commercialization.”
2 J7|tHE 221 QlCt, technology on liquid rocket engine turbopumps. Qshct” The key to securing technology is training talents. National and social attention
“HH|ZZUAEIS RHAIRSE | QoAM= HIOR! A|AEIS] MZ|AMT} 5 “Itis necessary to secure the reliability of the bearing system and the safety of rotor 73 StHo| SHAS OIXf LMO|Ct Rt HE2 QIS0 F 7| and support are necessary to allow excellent young talents to continue working
MrlsEst™ oM StHJF BIEA| ERSHL|CE 7|22 A=A dynamics to reuse liquid rocket engines. Ball bearings used in liquid rocket engine =0 ZAE 7K ES| SEHE £ JUEE 7™ - Ale|™ 2alat while maintaining interest in space technology. It is also required to expand the
AIXIE EEHEIN AIRE SH 2L AT M2 SHAI7H turbopumps had limits in durability and reliability, thus making them difficult to X|&0| MASICH MY X9 HitA oS =6t D177 || workforce in government-supported research institutes and create an environment
oA 28 & fMAIZO| H{ESLICE BHH K| HI{Z!(Fluid film reuse. On the other hand, fluid film bearings can be used sustainably.” EXXMoZ HUE 4 U ST ZM6Hof Sict, SFEAKIE A where private companies can participate eagerly. Space launch vehicles are the
bearings)2 X|&Z01 ARO[ 7ts3HE. For designing and testing the fluid film bearings, Professor Ryu developed the HIAIR} STEIE Q5l &2 Zest 24 £EHo|Ch SHX|2H =27} ZF 7| essential transport method for satellite launch and space exploration. However,
SH HOZIo| MA 2 A[EEI} 7|& JHEE Q6] 52 4= 22X designing technology of fluid film bearings and the rotating system applicable to =0|H™0| 72| 0|RNX|X| 7| 20| =Xt 70| Egt= S Ht we should remember that independent development is crucial as there is little
2 SANE AEot= HEHIZ| M 4~ Q= S| HI{= 2t 3|7 turbopumps using cryogenic fluids. He researches to evaluate the performance | HAIGHOF ST} 2¢ technology transfer between countries. 2



