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ABSTRACT

The vertical take-off and vertical landing (VIVL) function is essential to carry out exploration
missions on the moon or Mars. For this, the engine of the exploration vehicle must have
appropriate thrust control accuracy and response time. The hybrid rocket engine (HRE) is
known to have a high level of thrust control capability that can satisty these conditions. This
study aims to first verify whether the thrust control performance of the developed HRE is
suitable for VIVL. To this end, an oxidizer supply system that does not use a pressurization
device was adopted, aiming for a mission time of about 10 seconds. In this study, the thrust
control characteristics appearing under various supply pressure decreasing conditions were
identified through experiments. Appropriate tank and charging conditions were set from the
experimental results. In addition, the results of previous studies and current study’s test were
compared to confirm whether the developed HRE had adequate control performance for VIVL,
and finally, the thrust control performance was verified through altitude control simulation.
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Measuring thrust control error and
response time in step response test

0°] HA Hote ddoeze AL AdHA
, A2 7l wWE eA7E yEhr] iR
At & dAFolAes AEskEo]l -01 < dP/dt
0.1 (MPa/s) 4elE ‘¢+4'd 2 Aot =
H SHAE B 3] 10%~90%l =28t
2 AodAn(7]. 3H ol dFAFAESdAE
2Zh5 B g 4 dA ARG FIF
2 A X (Air-breathing Engine, ABE)9] 7 <F
~2% A= FHA Aot 0.7~12% AR &
a/‘]ﬂ"é‘ ;l':ﬂ- 9)\0 = Ei;}i A E]'[l 8]

webA o] FolAde FEdHI daso] FHA
ket SRAIZL PAlE FFS BEET] A& o

Timde Derivative
°
&

Fig. 1.

o]x‘ﬁ]

/\Flo}ﬂ

o

=
=

ko
%ol
/\lq}_]
2

o 4y >

—_

%
o
4,
e
ol
ol
N
Ho
:?{;1‘
e
)
it
mz
n |
0>4
A
fo
=
ﬁ
bl
or
JL

Folx Utk AFolA A}%% Mﬂalt ia A
e pAATS HIPB © AHstA¢l 94 N,09 =
o F dxa o= ¢k IMPaclA 300N FHE A
g 4 Qo Nzoh oA eFte 7}0“4 2z
7&%6}741 T

=t

H

o] Bag ol gyt £F

]
7] fl& ’WaE

&H —%71 PEe 21101‘3}

1‘4% Agstal 7]

S|EE AME-3l
N,O 719 252 zddt 7FEY7E 90° &

BEoL NEHEHE AHESt] N,O 3 Aot

A o A 2~ Bl & DAQ J.E-"]' Aol AFEHZ FAEH
o At v F FHAE FH| AulHsta
Aol golgk AAA St=Ee g F=w Aojs
g o]FolHth Aojr2E I BAo] & 4HA

32 off JlN'

Purge Line

Solenoid Valve Control

Ignition Control

Chamber Pressure
Feed Line Pressure

Valve Position/Control

Tank Outlet Pressure

? Pressure Sensor ”

IEI Manual Valve EI
@l Ball Valve E |"__"| Load cell

Fig. 2. A schematic of experimental setup
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Table 1. Step response test cases
Supply Condition
Chamber Max. o
Case | Pressure | Decreasing Initial ant_rol
(MPa) Rate Pressure ain
(MPa)
(MPa/s)

Kp:5,

Test 1 0.8 0.3 45 K30

Kp:10,

Test 2 0.8 0.3 45 K45

_ Ke:10,

Test 3| 06 - 1 0.04 45 K45

_ Kp:10,

Test 4] 06 - 1 0.03 6 K45
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Fig. 3. Chamber pressure control and their
time derivatives in Test 1
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time derivatives in Test 3
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Table 2. Summary of VTVL system specification and step response test results
Demonstrator Mass (kg) Thrust range (N) | Thrust control error (%) | Response time (s)
Current HRE 25 (estimated) 180-300 12 - 15 06 - 1.1
EAGLE (ABE) 30 185-275 08 - 14 0.7 - 09
Gyroc5 (LRE) 25 160-250 1.4 - 17 07 -12
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Fig. 8. Schematic of altitude control simulation
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