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Abstract

By the low cost requirement in military and commerce spacecraft launch tasks, many space insti-
tutions in the world have proposed multifarious design schemes of low cost launch vehicles, and
all kinds of new technologies and measures have been adapted to reduce the total launch cost. The
paper researched the major design schemes and key technologies comparatively. Then the rela-
tionship between of cost and performance of the launch vehicles are independently analyzed from
mass percents and cost percents of the major components for a certain American launch vehicle
and carrying capability loss and total low cost for a reusable launch vehicle. At last, several pro-
posals were presented for the development of low cost launch vehicles in China.
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1. 3]

R 7 BEUR DA (S s AR 35, 7 E R MA Gr A HEEAEE EEEH . E TERERNERE,
N TR 2 W RE SR AR S 2 K TUER I ThRE, BRI B RO SR AR 9 M ZEFi 3 Gesx 2= [ i 2 . 3@
B S, AREEEMINATR, KN TR PGE R TS SR M. E2, BirkiiRaEsEA
K2 AT SRR o T A/ TR B R 84007 SRS, e B R R RIS T b RN
PURFIREER . BRI RNEA S5 & MR, A SRR, ERMEUTIN KSR Bk, B
(0 RS RS BN 2R AR 5 B R R — A R B

— Rk, A SIEHOKET R B R 2 A Rk RS R TT . BRIbZ AN, — MO EKET
RIS A B FEISH AT A7 B IS B R A 2 A5 2 sk, T R BE RS AR e 4
N3 R SR %R A 7 (SpaceX) IAE 6 9 SHa # K i R SHRAN 2 5700 J3 3670, 17538 EB A K GBI (ULA)
I H M 5 IS K R SR 1.8 123570 N KL 1.2~1.3 123678, RRIMAIBT B2 5 ia 8k & & SR
B#R 0.9~1 {2370, Ak, H% Wil i+ S8 8Ok Ei R R 7000 /33600, HERKAE =5 Zi5#ik
i RS IL 6000 3£ T6[1]. X, R KET RS ALK, ST R BT, HOR S 2R AT
SRR BV —SeR R /N KT, Gn S I A L NS KT, BRI R S B Rl A s 2000 53
TG, MELLH /N BRI RS TR R [2]. R B 0 R AR B, H ER T 38 S ] St TR O PR A
2L, SHEBREERFTHHGZRERW, M. M. BHE A6 T 480580 B s TR K H T

P26 E R L 44y 2015 SERATRIGEHHBdE , 76 2010 4E % 2014 4E17], 4 BRAT R ML ARFEEAE 6%F) 7%
MRz, HAsr R EiAT 3300 123650, HiY) 76%K A BT RAIR[3]. T, SEE TAEM
SABRAT T 2016 4F PR PR, $8 H 2015 4F 4Bk TR =k 2 H 1A 3 2083 1235 76, [A] L 4 3% [4].
K ) A B Bt R AT CNTEWIHTND 5 BoR, STRSURFABEA TR AES KRG IEE R AR,
Ak 10 FETTKE A St 3600 i/ A, Xk TR i AR S T WA £ 220 123500, Hoid 2 10 43
K 76% [4]. HHULRT WL, RAESIRETRRMAE, FRIERBCH TSI RBRNTR AT KRG %, HE2, K
FRAS IS B K AT RO S (o

N T BRARIZ B F A A, FTH ULA A5 A5 28 W, 34Kk, 36 B8 I 1 € — RAVBERIER
pr LA F] LS N AR AR 1R 55072, 2 KISl i M R K g [5]. #E3EE NASA ISR T, IR
SpaceX A A PR WL, FOARBAS FDATR RS A JIsag & [1]. t)E, RO, oL HASE ARk
BNED IR IR E . IEER, 1RZ AR LA F K S FACRAIZ Bk 7 [6], FF T E M
PR AR AN TR RS HAR DL O AR R R R BIHT, $2H T SMAFRMIMR TR, H

ROMAES) TR AR JE
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2. {RARASEH N B & RELR

H_Eithad 60 FARLIOK, EE—EABBREEM . RBREK . TR/ EKET, DU L
I PRI AN R IFE R . — U7, BEE /N P RBR P R AN, 36 EH 6K 1K N UE A
BEAKEL[7]: B—J7H, AT HEPERRS A, S ERREREERDILATR AR, DL SpaceX A#]. #
IR A SRR — DR AR, IETESS 1SR A IS 2k i 1 K (8]

(1) VIR B

E 1960~1994 4EHIA], SE[E — B K FH A A b N LS BT Mg RO/ TE, H “figg
1-G” Mz #kHife s 210 kg B AEEAN LEO, kg 1330 fi3kic. L5 80 4FAR, FH /N EEBAK
PO R, SEE ] T TR R NIRRT NS ECK ET, RSN R FRE 2000 R TGHETE X,
DR AT ¥ A il R = BRAN /N RIS Bk SR IR R 9l dn, & 23 22 2 i) L ——P1COsat #1 XSS-10 Hi
T R IR TR, 20 AR TR B R BRI T g A G, HoA S T
A RV 2 S BRI I A5 (U KitComm 2 =])EHHGH , B F A A /R K51 CATSAT AL S A wit il (1) 2
J6-4,5 PREPHGH, NASA FIRZFHIRZE I RIES 73 BT A5 2 F 0] 50 A S Bl HkaR , AT ™ = FELAS 17
ANTE R SRR [2]

(2) KIEW B
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KA (RASCAL)ITRI, DARAKRE Wiy “ 2505 7 IRRAISHKET . & 14 H T Il BUE &b 3 ZLRK

Table 1. Some abroad low cost launch vehicles in middle stage
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(3) mFT KR

VAR, & B BUM UG K T3S RERD TR R JE, Rl 3 BN T HTHE ULA 1 5 22 W A0 & 5 1
RIFHH, CFF SpaceX. Blue Origin % —HE A I IMANURFEDNTE S . AR R MR R, B
SR BRI > H0S 3K S ORI S 2 O S, BRI Z WU TF GRS MR A RS TR, —&Es
BT T RSP G R RGN AT RS, 10 5 — il 4 T 05 RABHHSERY BE[9] [10] [11] [12]. 51
&, HANOH =2 FZHA A SRR AN R E B [7]. 7 2 S T EAMK R AN IS B T R &

Table 2. Recent development of abroad low cost launch vehicles
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Figure 1. Atlas launch vehicle cost and mass by major element
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WL 10%, RIS R 8%, FEL 24%, HAhZRFHZ 5% [15]. B, BHEOKHBARZ LR, WHEEY
Wi 7RSI PRISEEA RS . B ECKET N — NI R RS . SRR R R, Bk
ik MEL KBIHL. ARG, HEBER. B R, fliE. . BERMASEZAImE] [141-19], & 3
2T R EDER R R

3.3. TEEFEREH AR T

SR — KM 38 3K B A e B3, BT AR [ iR St — BB SR v A s #dt . REMTR K
Pl —Mha Efe K. KPR B R) E S S 3EE, PUHEE ORI AR 27 3000 J73E 70, /2 it Kk
SR 13 EERTAK. HJE, HTHUR CHUR [ G 72T R 4E1E, S8 BRRE K
S tanis 4~5 123 5c[14], N EJURE R ANURER, £E 2011 Fa 2k 17 HUR WLE) AT
%

B2, BEEMRBARRKIKRE, TErAiRERTSR S 0HES) T, EFRTR I — 77 TR &
AREFAR— R MIZ BOK S RRAS, 73— T AR EER R K e v] 8 B4 g 80k 7 . 551 SpaceX A Rl# HA
QT BERGER BT A = AR T A, BRI T — IR KSR RRAS, SIS | —F 4K
AR, AT — 20 KR B AR K T RAS o BESR K07 75 2 IRl WA o 2 S A5 ) DA BRI AR, gl 75 2 K i 3 o
[ WSl B 5 A R [ e R HEE 71U S, AT 22 S BUS Bk FT i 2 Re 1K

BB 9 KT — T BR[| A AT R0, — i “IR[EIJE 7 (Return to the launch site, RTLS)
T, R “ANR[EE 7 (Not return to the launch site, NRTLS)[EUs 2. “ik [ 51z (Bl 7
KIB KT TR BEG, K RE RSV AT RR D, BAAEERS R E AR, LY
W “ARIRENEY” BT R KE TR B S, IR T AT, AR e mE s, JRE K E
FRENNBAT IR, AT TR mEE AN,  “AIREE” T XA B AL 8 AT ™4 BRI,
KT RAE AT By TR AR Z B /AT . R SR IE I (/2 FALCON 9V1.1 @3 K #ii#i 4T 200 km
VT B R IAT5S s BT IX B R [ 77 20T & T iz #he ikt e[20], FELE R AR 4 B,

PiEAE RN, S5 OVL.1 B K 2SI — 7 22 Bk [ R I R, 75 2270 EE 15.29%~17.11%1)

Table 3. Major factors related to launch vehicles’ cost

3. BHAFRAEEZWER

R T EE AR

gikstit SRR GRT AR R G, SRR TR SN, SR ARrEAL L J5 UAT B 8 R AS
St A} FASEHER SRR S Ao FRIRH AR A TR, BT IRR T B FRAC T A
KL RAWUA L IS H K ET SR 40%, T ELIHEI RSN B,

BRI R, FE@EEAR. Wi SIHETr PRI
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T HEHEFUAE KT A P BT 5 L AR, (ECRAHT R et 77
s T ] At ) S BE R IR IR L ZZSR AR . 4P E 2 TR

PN KN LEREBOR, R KRS ARG B3RS, RIE LR IR S5 A

G B FNBFAC BTt 3D FTE . IR &RRCRIESFTTa, W3 PR IRAE ™ i AR .
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Table 4. The comparison of fuel consumption and launch capacity for the first stage flying back
= 4 —FRIREIHERR A8 RIEHEE LR

R ARG &L R B BB
FESH AF IR E

WEEE HRE WEEE HRE WEEE BRE
BT 12,490.0 kg 5920.0 kg 52.60% 5400.0kg 56.76% 8880.0 kg 28.90%

T Bt R R 315,875.0 kg 267,577.4% 15.29% 261,818.8% 17.11% 21,548.12 kg 6.82%

BRI, BEEE SR 52.60%~56.76%. FHELIM S, — FHAREREIN, UFHEWE 6.82%1)
HESEFR &, IZ#Ae 1y 28.90%, BARBEMMRT . T iRk ERE S04k, SpaceX A FIE K Hi
Wil FRF T HEE RS SCAMERIAR L HEERLE B 0 300655 i it -

SpaceX A EH[21], HEE 9 KFF— T YA 7B KFT AN 80% /A7, T HEREFI A ANF] 100
JiFETt, — TR 4EAE RATT 300 J5 350, W K& —FRIEFEERIH, bREMnges s,
I UST 557 PR S AR 7T B A1 30%, Rl i, [RIWAC K BT R R S AR T gk — 2B B %2 4000 G 6o it 1X
& SpaceX pife K&K G R RS, 2 E bR E RIS K HE LA K 1) B AR .

PRUCHER, BRI ROt M55 2 H L RO SR, S8 9 K& 4L BAR 22 2500 3£ 6. —F4kIAl
VR G, PR S AT ZI AR 1700 J33600, WR—TFHEZ M 20 Kk, A4 3.4 12550, R
TG REUESH A, A4 R 5 A 2 3 — 25 R4 . Space X 7w i A K H bR K & 54 #% B I 1) 500~700
FETT, RIE KEGMARE 18~1/10. {HAE, IXATHH 1R 22 8 75 B vk .

4. R B NG & REINL

B AR PIABIR R, TR TE AT R FUBIE 2 7 FH R AR, KR JBAR S A IS Bk & R
F RN SR HET, REMAE BRI AR A I Ok F I L. B S EAM AR, S
W R

(1) BIAMLRFESHLE

EMRFEHER S EH, BT S EBCRE R AR SR TR R, KRR bk =
e, BATHLHE, BRSO E, XSS O R R R 5 2 R R, EE A I ULA HRE B KR
BRAN WL JE . SpaceX A FITEARRAIZ Hk #f FEUSIE KT, RAFRE FIHIIT NASA B AR L,
RS 43 7 A R R AP IS AR [14] . R, IR AT R Rk A, s i M iR B3, TR 22T,
T PR R RS A R B2 — .

(2) InsEGH SR

H 7 Epsilon K &K H & GE A, RiEREA THEAE, BRICT RO A: —SeiBEE & 4. keF
YEMP RIS B R, 320 T K ET SR I RIS BRI T 45 i, $8m Tiagkae /s KA 3D 4T
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(4) K Je] 5 A% F K

EEH AR ERBRBRABE KT, REEEAWES I, B NEIE KT I BAS A DL,
T R R R B B P BELES T iR B % 8« B Blue Origin. SpaceX 452\ &3z %% J i [l ik B it i ol
K AT R WA A R A AR AR A K i R S . B R R I i, RS K 3
Bl R BALAD K& R AL AT 2 5248 465 2 ) RAT 205 BOR AR SRR BLAR R bz i) 2 2277 5K
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FEGR AR R T EE LM, EEEESSED AE, Uiftzse. TREN NH, Xt
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