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ABSTRACT

An electric-pump cycle, which is a propellant supply system for driving pumps of a liquid rocket
engine using an electric motor, has the advantages of simple system configuration and easy control
of supply flow rate and pressure. This paper investigates and analyzes the overseas research trends
of the electric-pump cycle. In addition, the research and development country, performing
organization, application, engine thrust, pump pressure increase, motor power, and rotation speed are
summarized. Among them, the design variables of the overseas research that applied the upper-stage
propulsion system with the thrust range of 0.445~2.2 kN could be used in the study of a similar

electric-pump cycle in Korea.
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1. M £ Table 1. Domestic research trends of electric-pump
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Fig. 2 Differences between BLDC motor and PMSM [16].
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Fig. 3 Principle of torque generation of BLDC motor
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Fig. 4 Distribution of specific energy and specific power for various battery types [17].
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Table 2. Battery and motor technology predictions [20].

Technology level 1 2 3
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[Wh/kg]
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Motor efficiency 0.95 0.97 0.98
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Fig. 11 Rutherford engine of Rocket Lab [29].
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of Mikroma S.A. [32].
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Aol 2E &8 WA A 43slaA ATk Fig.

138 532 5% A7IEEZ Aol A==
ot AYUZAE A5 AAE AHESeE AS &
- Atk

dotz e 74838l University of KwaZulu-Natal
9] Wunderlin 5[35]2 444 43 ¢4 EAA
NS flal aHaor & AR AAELES =9
ston, A7z Ato]E QX SAFFIRE(South
AFrican First Integrated Rocket Engine)®] 417
NS AH3IATE Fig. 14+ SAFFIRES] 3733}
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Fig. 13 Electric-pump cycle using fuel cell by
Northwestern Polytechnical University [34].

TAF F, #iA°IHH36]. SAFFIRE:= H= 7}
Q} 47 bara, A|4FH 25 KNS A ZR=Z 514
o Wunderlin 52 74 20 EAA Y sidt
o] 971¢] SAFFIREZ %EiéEi%%}tﬂ, Aol =
7HhA Abol S ARSStE HES XS AT
AL A3 A

U JAXAQ Shimagaki 5[37]-& A28 =g
T3 A7IHEZ AolE9 Ad kel o
ATE FP3ATh JAXA A= Ebara
T ATE L 9oen LH,/LOX F
A 3ol 30 kN F8H2 7HA = Al=H 7
s ExE Stk Fig. 155 SIEMENS ARe)
AMESIim #&3IZEE A3t FAT HU|E=
Atolg Ry AFAE HoAFH, ojuf B HIE
22 JSOL Ake] IMAGE o] &3 H=b7] 34 2
#E 53 7 6.7 kW/kgo 2 dH3Hnh A
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Fig. 14 Components of SAFFIRE [36].

Power Source
Model

| | Inverter
Model

AEEe dEwoZ AEsta =7L s3I,
AEud, A8nde 59, gz 7ieh, 28d

o, RP %‘% Z3bste] APtk A A
AT F 20059 NASA Glenn research center®]
AT 2010%_4_ Lockheed Martin® 9+, 181
2012 Poland Mikroma S.A.2] 3= A& &
A AN2HE HEHGoRE FqF AT Aol
g AFEA AEFe FHL 27 0445,
22,2 kN F&o2 U Aot F2A) 2= HA
321 500 N3 748 AR F8& Yelgie o
:r"h NASA Glenn research centere] 70|t}

Z 74b2 34.47~53.99 bara®] FFEOE H %
?ﬁ«l 7Hst2] Abol & ARESHE LAES] FXIA
THF 4ol 20~30 baraRZTt O EA et
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Table 3. Overseas research trends of electric—-pump cycle.
o o Thrust, | Pressure Required
Year | Country Organization Application . RPM
[kN] | rise, [bara] | power, [kW]
. L . 10,000~
2002 | USA Lockheed Martin [24] Liquid rocket engine - - -
30,000
NASA Glenn research
2005 | USA Satellite thruster 0.445 34.47 1 60,000
center [3]
) ) . . . Upper stage of hybrid
2010 | Italia |Politecnico di Torino [30] - 20.6 - -
rocket
35.65~
2010 | USA Lockheed Martin [2] Liquid apogee engine 2.2 53.99 3.86 -
Upper-stage propulsion
2012 | Poland |  Mikroma S.A. [32] Ppersiage prop 2 ; 16 16,000
system
. Sapienza Universita di o .
2013 | TItalia Liquid rocket engine - - - -
Roma [31]
2014 | USA TGV Rockets [26] Liquid rocket engine - - - -
2016 | USA NASA JPL [25] Mars ascent vehicle 3.56 41.37 - 50,000
Portland State University Amateur sounding 20.4~
2017 | USA 22 4.69 20,000
[27] rocket 27.2
Northwestern Polytechnical
2017 | China w&: . Space launch vehicle - - - -
University [34]
2017 | USA Rocket Lab [29] Space launch vehicle 24 - 36.75 40,000
South University of .
2018 . Space launch vehicle 25 47 - -
Africa KwaZulu-Natal [35]
2018 | Germany DLR [33] Space launch vehicle | 10~16 10~15 - -
2019 | Japan JAXA [37] Liquid rocket engine 30 - - -
[1]. &7 AEL 1~3.86 kWeolH 3"+ 16,000 2EE d4stalom[32], &2 44 =% =
~60,000 RPM 2. & }ERSHTE Ab RO E AE 27 A4S T 2H
FRAAE oz A8 A9 M 18 B IASADE. ol Fustd ¥F AA o
420 5 B8 RS Aol LA ABAY 1A AH 53 A melsh dele 4 ol 49
o F¥& 22~30 kN9 HHZ o F /\l T 3z e agdor & Als ATt
HRtE AAdoz Fgo| &4 vehgth
Zo| 7kt 3= 242} 10~47 bara, 20,000~
50,000 RPML.2 g 3 A28} 37 b= 54 E
T T o

A kT t&tﬂ i L7 A2 469~36.75
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