
 

Aerospace Europe Conference 2023 

Joint 10th EUCASS – 9th CEAS Conference 
 
 
 

 
Abstract #XXX (to be filled by the organizers) 
Preferred Topics: STRMAT 
Corresponding author: Jinhyuk KIM 
e-mail of corresponding author: jhkim0220@kari.re.kr 
Type: Oral 
Status of corresponding author: Regular 
For student corresponding author: student member of one of the following: 
3AF / AAAR / AIAE / AIDAA / CzAeS / DGLR / FTF / NVvL / PSAA / RAeS / SVFW / EUROAVIA 
 
 

 

Title  

Vibration test of upper stage engine for KSLV-II 

 

Authors 
Jinhyuk KIM 1*, Jong Youn PARK 1, Soon-Young PARK 1, Indeuk KANG 2, Iksung CHOI 2 

 

* Corresponding author 
1 Space Propulsion Research Division, KARI, 34133 DAEJEON, Republic of Korea, jhkim0220@kari.re.kr 
1 Space Propulsion Research Division, KARI, 34133 DAEJEON, Republic of Korea, vision@kari.re.kr 
1 Space Propulsion Research Division, KARI, 34133 DAEJEON, Republic of Korea, psy@kari.re.kr 
2 VMVTECH, 13562 Gyeonggi-do, Republic of Korea, indeuk.kang@vmv-tech.com 
2 VMVTECH, 13562 Gyeonggi-do, Republic of Korea, iksung.choi@vmv-tech.com 

 

Abstract 
A launch vehicle consists of two or more stages for launch efficiency. During the combustion of first stage engines, upper 
stage engines are considered as a payload and are exposed to severe dynamic loads until the first stage separation. The 
upper stage engines must operate perfectly even after being exposed to the dynamic loads for success of entire launch 
missions. The 7-ton class liquid engine is newly developed for the upper stage engine of Korea Space Launch Vehicle-
II(KSLV-II), and the vibration test was taken into account during the engine development process to verify the structural 
integrity of the upper stage engine against the dynamic loads during the flight. 
First, the test engine was assembled to have same configuration with the actual flight model. During the assembly 
process, the modal test was conducted to correlate the modal test result of the test engine with the analysis result of 
the finite element(FE) engine model. From the modal test and correlation process, the high accuracy FE model was 
obtained and was used to set the vibration test specification. 
Next, the coupled load analysis(CLA) was conducted using the full-scale launch vehicle model to estimate the equivalent 
sine input(ESI) for the vibration test. The ESI from the CLA result cannot be directly used to the vibration test because 
the boundary condition of the engine interface is different between the test engine and CLA model. Therefore, to obtain 
the adequate vibration specification, the frequency response function(FRF) analysis was conducted using the correlated 
FE model. The force and moment on the engine interface at the test frequency range were calculated from the FRF 
result. Based on the analysis results of the maximum force and moment at the interface, the notched input was 
generated and was set as the test specification. 
The vibration test was conducted with the notched input specification. To control the input level of the shaker and 
monitor the condition of the test engine during the vibration test, various types of sensors, such as accelerometers, 
strain gauges, and force sensors, were installed at the pre-selected location. The change in dynamic characteristics of 
the engine, safety of margin at primary load carrying structures, and load on the engine interface were analyzed from 
the test data to check the condition of the engine during and after the vibration test. The leak test and disassembly 
inspection were conducted on the test engine, and the test engine and its sub-components had no problem with its 
function and performance after the vibration test. The test data and post inspection results showed that the developed 
engine met all the requirements for the vibration test. 
Finally, the disassembled components were reassembled, and the combustion tests were conducted using the 
reassembled engine as the final verification. As a result, the structural integrity of the engine was verified through a 
series of several verification processes. After that, second flight of KSLV-II was successfully done in the middle of 2022. 
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