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Engines in Launch Vehicles
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2. Laboratory of Aerospace Servo Actuation and Transmission, Beijing 100076, China)

Abstract: This paper proposes an in-situ electric energy acquisition technology for power generation by
drawing propellant from a rocket engine. The high-pressure fuel is drained from the engine with abundant
power, and then returns to the engine after power generation by the energy conversion device. This
technology can greatly reduce the weight of the power supply system. A 1 200 kN liquid oxygen kerosene
engine is taken as an example, and a lightweight principle prototype of 35 MPa constant speed generator and
rectifier transformation is developed. A test system for driving a two DOF electro-hydrostatic actuator system
is built. The test results show that the system can meet the instantaneous power demand of the servo system
with the rated high voltage of 270 V and the peak power of a high current of 40 kW, and also meet the power
demand of the 28 V general rocket borne electronic equipment. This technology is expected to provide a
power supply scheme with lightweight, high safety and high-power for multi electrification / full
electrification of launch vehicle equipment in the future.
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Fig.1 System layout diagram
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Table 1 Basic parameters
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Fig.2 EHA working principle diagram
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Fig.5 Differential-pressure curve of servo mechanism in ac-

tual flight

R 328 0 K540 ) IR MILAS) AT IS S 35 R 2 % e
TERBERMIAE 2, MAE30A. —H %5
HLAD & 76 & IR LA (A F1B) , H (8 H 3 60 A, Jik
HLHL AR T 240 V.

R2 EEEBEBRMEXER
Table 2 Corresponding relationship between differential -

pressure and current
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Table 4 Estimation of power consumption according to

flight conditions
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Fig.6  System architecture diagram
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Table 5 Design parameters of kerosene generator
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Fig.8 Schematic diagram of intelligent power supply
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Table 6 Comparison of power supply mass of different

schemes
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Table 7 Comparison of characteristics between battery

scheme and drainage power generation scheme
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Fig.9 Joint test of drainage kerosene power generation sys-

tem and servo mechanism
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Bus voltage curve
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Bus current curve

4.4 DC-DCZE#HiXIE

hFE o A RS A B BRI RE &, A SCHE$
05| AR M B0 77 H U5 W R AR IR R T R
A TR)IE o g 0 T Ry KRR R 28 V Bk T R



7

(2 SUE W P = B &1 g LK R W R N 1 7

KL, e et T BAITCRIFER B RE E 30 R
KT INEE R 270 V i 28 V L H AR % B FE L
W 12 fir s, AT S B AR YR AR e ke D) R
3.3 kW /kg, i A HL R B 200~350 V., it HL R
28 V, H H B W 35 A, BE R E 1%, K&
120 mm X 60 mm X 20 mm, B 45 £ 745 i 55 B 5 ok
JEIFBR TR TR . TP T 8 J) H s R 28 V fibH
e e 45 L 13 frn . R g5 R &R
B, fA] AR AILAS T AE o B rp B i R DR TR,
Al REE R 28 V E T HL TR .

BI12 i 20 D 3R A R A e AR AL
Fig.12 Prototype of power conversion device with high effi-
ciency and high power

e

K13 4°8&IEA T 270 V28 V L R if 2k
Fig.13 270 V and 28 V voltage curves under 4° transient

command

5 & w

P A B il 12155 0 B [ P A1 AR S S £ R
AT LA BT, KT A B R 3l F1 2 G I Ui it
A7 51 S v B8 7 S8 — B e A R BE T EE S
MR . A SIHLS1 IR K v A D 07 F BE 2R 1K
TR AT il A7 iz Ty 5 T R 5 5K 3 T oy A
g —ftiC i P Bt —Fh e B BRIk T R SIHL R G
B4 Tk R G A5 JE IR T TIRAT HLAG B R 5 5, o T
S R R NS B (A VTV ST e 2 5 e o 1l
St

S E Wk

(1] s, X0, e SR 58 35 AL 4% R B = R [T ]
SR AL A, 2011(1) 2 15,
HE Wei, LIU Wei, LONG Lehao. Heavy launch

vehicle and its application[J]. Missiles and Space

(2]

[6]

[7]

[10]

[11]

Vehicles, 2011(1): 1-5.

RAEF B —RIBBAHHIREER LR
[J].# MK, 2016,22(3): 317-322.

SONG  Zhengyu.
configuration of next generation launch vehicle[J].
Manned Spaceflight, 2016,22(3): 317-322.

P RTF VR PET -REBBEATHTHRIRS
FAR KRBT T]. FAEMREEAR, 2020,18(2) : 17-28.
PENG Yue, MOU Yu, SONG Jingqun. Research on

the development of avionics and electrical system in

Research on avionics system

Chinese next generation launch vehicle[J]. Astronautical
Systems Engineering Technology, 2020,18(2): 17-28.
MILLER T B. Preliminary investigation on battery
sizing investigation for thrust vector control on Ares I
and Ares V launch vehicles: NASA/TM 2011-216899
[R].[S..]:NASA, 2011.

KOERNER M, GANEV E. An electric power
vehicles[C]//
Proceedings of Power Systems Conference. New
Orleans, Louisiana: SAE, 2006.

LYONS V J, SCOTT J H. An overview of space
power systems for NASA missions [ C]//Proceedings
of the 5th Energy
Engineering Confer - ence and Exhibit (IECEC).
[S.1.]: ATAA, 2007.

DELONG Z7Z J, HIMMELMANN R A. Turbine
generator assembly for thrust vector control: USA
EP2682590 A2[P]. 2015-07-11.

MONDT J, SURAMPUDI S, HALPERT G, et al.
Energy storage technology study for future NASA

generation  system  for  launch

International Conversion

space science missions[ C]//Proceedings of the
Seventh European Space Power Conference. Stresa,
Italy: ESA Special Publication, 2005.

GIETL E B, GHOLDSTON E W, COHEN F, et
al. The architecture of the electric power system of the
international space station and its application as a
platform for power technology development[C]//
35th  Intersociety
Conversion Engineering Conference and Exhibit
(IECEC). Las Vegas, NV, USA:IEEE, 2000.
XU, TG B A B 1S v S H OB R Y
KEEHELT] P EBE () ,2018,48(1) : 18-30.
LIU Bo, ZHANG Peng, ZHAO Jinbao. Development

trends of lithium ion batteries and their key materials

Proceedings of the Energy

for electric vehicles[ J].Scientia Sinica Chimica, 2018,
48(1): 18-30.

EIHAER, EWR LIRS AR R T A O BT A A
[T]. fEfERL2E 5 HR, 2017, 6(5): 1008-1025.
WANG Qiyu, WANG Shuo, ZHANG lJienan, et al.
Overview of the failure analysis of lithium ion batteries
[J]. Energy Storage Science and Technology, 2017, 6
(5): 1008-1025.

(%35 . 30 H%)



