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EEERE UM G2 FAKRSIGE. BHEME
B, HIIESENEE WELF O & ERT 20,
WAF Nz o BRTF 2N). FEmMBERSSEBE
(f—F MR NOo —HAREF NO*+ BF e,
FETF 00 HET OT+ ¥ 7). XTMEMBE
MR R RN AR AR TR, i
SAEREAE] 2000K B, SERSFRITHFEES,

T7E 4000K BY, ®AoFIFHHMRE. 2 9000K Bt
SHRBE. XHRFERR TR ITHLT
S U R RS R T RRE AR B,

WA =Y LFETHERA, Nfi5RE SR
R B RN, WXRHESE, BATEET LA
AT E TR TR A RN R &
. AOUm, xEEETERSR, FARKER
RALZR MK, Tl EBEEE TRNBIN MR
AT BER AL RN R AT RN BTE AT M $A
B — R, HARBAKER, TSRS
FEBILMOLE R, — Rk h2, AEE
BB SR TELEAN U, EEMA TSI
Bl—EEAENE YRR EN, SSEEHE,

SAERRAD, XA EEBRRARLT, it
AREBEA—-BROESshEER, FEXM> T30
FEBRBRE BRI E, X 0= NERZ
AR ¥, IRET < h%. LERNA
TELEBRELYNNE 3 HHER: RIBER

zh, B, UREEEBR (CITRIBATRIA).
1.3 BB TEENEE

EREREET, RETETERET R
R AEEENSIDEEEEZER, BEN
BPEIASELFBEFEERYUE (low earth or-
bit, LEO), BBIAXK ...). X [5] #, ¥ &8
KITES A 3ARE: (1) BARSE, WEE v>
9km/s ff] Apollo , & R KK K1T8% (crew exploration
vehicle, CEV) | KEMKITEHNE. A1E; W
v<9km/s [{)Z3 8] 5 R4 (space transportation sys-
tem, STS), KEHME. () LARE, WM M >
15 %5 K K#Hl (national aerospace plane, NASP),
1 M<12 py5E iz R4 (advanced transportation
system, ATS). kSR — KA (two-stage-to-orbit,
TSTO) FIBLKA$h (single-stage-to-orbit, SSTO) X
ST HAZEES KA HEEEH KITE,
BES ERRE, XEFEHAN, TR, FER (entry,
descent, and landing systems, EDL) &%4t. (3) ##i

RE, 4<M <12, MITHREIRIA CATE.
1.4 BMBUTERMEBR AT

AT % E T A RGBT R
BEEVTRREZN W BE T R4NERR
HE, BAVER 1 PR RS KITSRmE M
), HfEX R AWM. YRKENRERE
BHERFEREASHMBTEN AT, HEFE
BEATH T R IR AR A0 AT IR LAFR A

%1 ZmREHT©

TiTR M T/K
Convair B-58 2 420
North American XB-70 3 550
North American X-15 6 900
Waverider 8~10 1000
Waverider 25 1650
Space Shuttle 25 1500
ICBM 20~25 6000

W X-15 LR KA M=T 8, ¥ 1 FEEREH. MR WKSEBAR, % 1600K; Apollo XK
FIMFRM Y M (intercontinental ballistic missile, ICBMs) XS 2H AR, BEMA 7000K.

15 MEEFEUTRETRRS
RETECVITREZ TR (L / 85 E) ¥
TR R R &M, MESRIOER (5. &
7. BR, ®&E). St nARfAR) RR
(BRI ERRRE) R R AR K AT R BT P R EA
A N TEE TS, ERMARNFST LR URN
HEE UTRETRAL, BRI MEKER,
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B PR AR R T SRR PR T B B REAR S, B0
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%2 AWABEYTE (RHV) 5SMEXEHR UTE (AHV) fytksg

KF AR K18 (RHV)

B A kT (AHV)

KA

o (EWAR IR (AP RT), MITRRIE T 4
£ R {5l i,

o YRS £ I R SR AR AT Y AR

o L AR AT A RATES IR oKD 1y, LR
A T T R B E R BREN. LA
HAMBAEE, AKX, LRI
HRbMNCITRLE

REHKL

o KA AN .

o MR K AL

o fuiin) & H % 4.

o i ISP K.

B )

o (b SFERI AR, B TR

o 434K

off it X

o R Bk K B (grosstake-off-weight,
GTOW)itj30%.

o BRI REORH).

KBl A MRS T

o BRI 8 ACR SHALEEE 0 S .

o RHE.

o HLWAEATES.

o TR K FRAR AR fof 1 2 4.

B &4 (thermal protection system, TPS)
o NREFHHES ).

o KMt b At ] 8T K AAH.

Wi
o A BIRRICI Sy, 8T EE LK.

o AR

Hitk

o PR BB, AR
Hit

o BLEZ N

o HEUE / BLIKAS R B — (AL

o [ FRRBRE I
o 4

o HRST

KiIrHA

o YRR (30~50km) Chf) Kir, DLIREF
HWaRshiE, RERGREAK KDL

o FARMEH TR AHV 10 FENA.

o I FET I BT, BRLL (hPEGE fIde A it {
SR TR - E ksl

o HLIA / HEst / AU — IR bR AUV R
] B

BEHRKAE

o 7 AU I E FLKARL

o TERSJE A ] 84 B

o {5 K R 5

o Ltk ISP 5.

B 71

o TEALEH 7.

o MARAR, FRREEIL (t/c) /N
H R 6

o B ¥-—LGTOWM10%.

o ERBXAMBULI, RRHEEZDRL ).

K ENHLTEH 5

o REHBIRTM.

o BHEREL

o AFEHELOBIBEES (liquid oxygen tank, LOX) 4 1.

TPS

o FAERHES .

o Kt EFRT I FHT RRA

CIES

o FBDIERIRIE / SRIRHp, BT RBR %
o B,

Hk

o MFABAME i XCH, U RBIRE.

&t

o IREHA (—i AHV).
o B3/ BURR R — (R

o HI TR A AR / A8 GH T AL P
EER

o HIHE EFRUGEN ).

o FHA.

o TR

2 A LAEMRESBITH?
2.1 EBWER

2.1.1 FMHLHFRER

20 42 90 EM B FAERTFrpR b, £E
FELHFIPUERE SIS B R AN R, (R EAA]
SR P ] L B A R T BR R U
Dige. HemRiTdaES) UL 1094 R FASHMK
J& (National Aeronautics and Space Administration,
NASA) &% T Arnold D Aldrich #3k A %S AIBFHCH)
Bt 1. Je, EEERZH T AL EY. 1998

F, RETELFNEASE AFSPC (Air Force Space
Command B 7F 22482404 28 I 1 ] A0 LES IR
Bl TEBRSHE KAHLTR (military spaceplane sys-
tem, MSP)11. 2000 4% £ L1737 2020 5850
R SEER, L AR U R NRL XIS
FUMEE R s KA RR PG R IR G, F
T ERETES] 2020 Y EH K7 A8 AR
I 2001 EOL T LA IR 0 LG 0 00 e 2 o
(Rumsfeld) X & (% M 2 by 2%, L0 JF90 4 D
R, & TR ML 2000 46 1] 1 1 X A
M EET B EEBER: LIRS R
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GEA (FER)M BORUHE, K EEERKEH
BURMEA B i@ M S ERR AR, ®/FA%
E@ME, KL, MAEFHE 2004 5 12 AHfS
ZEEZTHNERXSEBOE: “ATHRXMEALOE
£, RE, B2 MELEK, ZREERKIATE
FORIF SRR EE S 5. > 2005 42 E iR R 43 H
4 James Cartwright ¥ % 7k [0 3 B 2 WU B AF UE AT 4
H T 3 A R A3\ E RIS 16 2R
B ANRENERTSHE TR, 2RER,
EH. MO, £TH; £REEMMNEET £
BRIGEMER, 2R—ALOIREBNE, 2R
ARG RS, BREREMBIRA EHMRE
PSR HIRES.

2.12 BRHEE UTROERFY P
NEBEMEX MR, Bk, BETE TR
FEMAFEIL T2 PSR HER b AT — S
HBRER MRS R, B8 TRERAENR
Bife i (MBEEE TRASRAASYH, MG
BmLks, BRERESET): Lk #

SCPERR (HoxHR AL, BFFHRAL. AL b
PR B — SR LR & KR R
A, Bk, £3BBHBES (national missile defense,
NMD) &, Fi & HEFHEETE L B A AR BT
e AAETZRAET. ZEERFR. KA.

F10i%2 (intelligence, surveillance, and reconnaissance,

ISR) #&71.

2.2 RAER — EXAMEND

B 20 KOk, %, R K. HEEESHE
HVS(hypersonic vehicle system) §) B iRZERFAH AR
#sh hHECEBIEEREERRN, Fa XS
BEH HVS B4R ERMEEQE M.

3 mEITRMMELE

3.1 WETHEHRNLERWS 2001017~
AHLERIR (£ 3) HHBE UTBRR
B E AR

R 3 HUTRARPHEANE

F5 B8] WA

1 1924 & OEREBER (Max Valier) 8iXBMm—A K § RSB E CHOERA A A, ATOFHT
ZaER.

2 1935 & BEARHK (Sanger) MAEH (Bredt ) it THARZ A K EFRZR O, ASRES
HEA M=1.5, BRSSPSR ATR. BRE-SEEMRINZEER T N
SRR AMEIEN

3 1943 4 ~20 42 DR (Bell) AFMF N4 - KKK (Robert Wolf) E X EEFMTHMAERS (National

60 £V Advisory Committee for Aeronautics, NACA) £ | (19434 12 A 8 A) /BT

FHKHl. FR - H#/R (Chuck Yeager) itk (1947 £ 10 A 14 H) MUK (Bell) py XS-1,
BHRRBERME, QST M=1.06, H=43000ft (13.106 4km) #7ic®, RAHFE 1 1
FE . NRRIHALEFREETENRDATE TR, HH 20 H4g 60 F4K,

4 —RE BEATAT WA (Goddard’s) MIkF, FHETTEHRET. BE, INZRT -5

K, RETHE V2. V2 REBK, THATIMIRAE. E 1949 2 4 24 A, V253
M=5, Gl T A%FE L HRRETE CTER.

5 20 #4 50 E£RHM

# 1 EEEER L AR MiG-15, MiG-17; %[ F-86, F-100 &%, %EEE B

1% (Fairey Delta) Il B, H:E# TS (Breguet)1100 BALAE KR (Dassault Mirage)

£ 20 tited 50 ERYMM 60 FRWK, RAHERERERERTSHXRNEMNFREIN

(ICBMs) RBRHIIHARE, #RHTH 1 BHEAETL (Sputnik).

X-15 £—RekFifdE, THRHOEB TSR THE 1954 B 1967 FH, HH#TT 199

KXATRE. EAEMIERRE: Mmax=6.7, vmax=7274km/h. EREZHZE / REBFE
BEEN X RAITRI. BREFAMIUR -X1H4, HEATAET 20 L 60 AWML
BRI ILR, KB TEEMA%, HHERES XA R AT A B E R,
BT TFRAGEN CITENAKURERACENGEAEE, T 1967 FRETEFL

11 &,
6 1957 4E 10 A
7 1954~1967 £
8 1961 4§

IR WA T A Rk ( Gagarin) 2% AMBIR$E.

LRFAEG (AE TR RIS AIRIGE) FB T EHRFEE 20 tH42 60 E£RB) 70 EMRBTH LMW S5, it

B AT BB
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&3 HUTRARDHEXRG (F)

9

1957~1963 £

#1957 &, REFKREFEBIANESMEHBIE - RR (Dyna-Soar) (8 X-20) MUHRK
BRI TS, #OT - EERNESTEAR, ERARALRTES BE, 4
TEREEINEH, ERAERBEY, ITANT 1963 EREXRTERN. ERERR
AR AT, ERBVTERTHAREANREEL

ATREGHIBR, BHEGHTT-FAETRNERTBREARRBENN TS, WF:

10

11

12

13

1963~1965 &

1967 4

1968 4

1978 4

FHEM (McDonnell) AR M5 shi ¥4 MR XTI RE (aerothermodynamic struc-
tural systems environmental tests, ASSET) AR~ R EHAPBEA=ZREIRIE
K, HAFERHDETREHRAN. ITRTHMATE, BE iR HE

Martin’s 2+ 7] RI&HLEhE A KRB B (precision recovery including maneuvering entry,
PRIME), X & — /MR 55, BXNEBARR TR T 1967 4.

BhEM A UITH (boost-glide reentry vehicle, BGRV) &—/N 5t g4 88 4 10 40 B
M=18 EARB ¥ITR, BEF 1968 FEXERNRBLIT, RHHRIAET Hlahe A

Fuh T E LK EM (Sandia Laboratory’s )SWERV # 3.

AR ERE L IE R TSR SRR TR MR AR T AT

14

15

16

17

18

19

20

21

1963~1975 £

1963~1972 ¢

1981 £ 4 A

20 e 80 EHIF
#1~1993/1995 <

1996~2001 ££

1996~ % 4

2003~2025 #-

2004~2020 %2

RERTT -AAUERTHFASHBHEKE (M < 2) AHARE LS TR, W M2-F1
A5, X-24A % EANESATHANBABRERE RN TRSKTMEM.  X-24B ALK
WO EEFAR - RiETREFA NSRRI ELH I EHT, ESEFHH AR
Bl EER, TRAEMRSIL RAUR 02 5 R AT A G T 3 E 5.

Apollo @ AEKE ARIYFHFEE MR & 6 K KIT (Apollo #9 11, 12, 14, 15, 16, HI
17) KA THEBbr, K Apollo 11 REF 19694 7 A 16 A, 7 A 20 BB ssh,
7T A 24 BEEMR. 6 WATHEAFBEFE T EFXORPEIERE 400ke 1) BRI
BATTHEMLE. MM (Amstrong) B A RITR AR & A MK — K.

BEHTE (Columbia) SHA KHLT 1981 £ 4 A H KRR SMEE, IAPE 1 MA
Bup S eE BRI AR A AT BN I R TR R ER g B £ RAT,  (SEEE L IKE
BT A EE AR AR TR

EEZTE (US airforce, USAF) By A4S 2 K178 (transatmospheric vehicles, TAV), NA-
SP —X-30 2—MUBRAKXHHMERRRRA A HORZAR (SSTO) *irds. THE
BT — R T HEE DN TE EENAFART AHV &AM HE. 458 5§
(ERATREAMY, EREAAER, @t FENTH, SRR RS T HRE T
EX#$. BEEER SSTO ¥t AZHKBE BFER T/ AR RMWNE, HE LT
ABER (% 3000ft/s (914.4m/s)). MEZHHLER, LNAW, BRAHAWEOY. HEM
RESIR—RAERTHRBMEMAR (5 X-33/X-34/X-37/X-38/ X-40, Rk X-43). #4
KSR R AR,

X-33 RAHFAHE SSTO Biftl, RMUMBEHNEAR, 5 FEWEET 15 ZXn, N
BERALR (TPS M RK), RGHBAHMME LH2 4 E, RIVHOELES, LURR
KA EHRET T 5 (2001 ). EEZFEM LM 27 {HRENE.

%5 NASA MEESE -X MY (Hyper-X (X-43A)) Hk CiTRB AL (2004-03-27,

T M =6.83; 2004-11-16, M =9.68), TR T XERMBA N FEMY (hyper-X, F— Uk
AR (next generation launch technology, NGLT)). ix &t R4 1 MEE R Esh 11 ¢
P, RHRERRNE SN . ERRSAREEN TR AEEN—L, NA-
SA HOHK, BWX MHEARNRHEIREL5MEEER ‘B8, Whiafa, iR
MBS B

o RSB, Y. WNHEA (W) &4 (responsive access, small cargo, affordable
launch, RASCAL) fii FALCON(force application and launch from continental United
States) MR, AT TR PA SR A A G H BELRAT CHL (M=20). SRRt X 18 1] B)
JERBRNITRE (defense advanced research project agency, DARPA) % E S £# 7L %
4%% (air force research laboratory, AFRL) i3, HWiES X-43A AW EEMHHELE

REFEHFERLRE

Orion (BL%, [E %4 crew exploration vehicle, CEV) M %5 Ares (Bl &, JRE& N crew
launch vehicle, CLV) MR %E B EZRREK I WFHH S XA, SHHERED,
it NASA R #iff) 2006 EARmE 1R, TAE TMZERMSHEAR.
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3.2 .féﬁli%hm, iﬂﬁ'—is% (8,10,17,19,20,23,33]

3.2.1 FR KT S 02 BB — B (1219)

BB ITRNEARG SRR W, EREFAT
FHTEEFZD TSN RERLRF AR
X—EU. MEHENTFERSEXESERN SRR
RMERR “Vision 2020 &1, HITRIBBASENHEE
MHERF HIA T T E) 4} 1% (outer reaches of space)
() “TCLEBRAYIE M R 12, R SR B R 45t R 7E L,
SPPREER “RIL. 9iE. P, BEEMHAK
Bir, FFERBRARERE LN

3.2.2 B HER MR EF LS, )

FEEE L TAEMSAE S RHV XA ARV,
EARR A BHEEE S0E LA, FUBBTFRE—
M. A2 B AT XRE XA RER

BALPREfTHREEE & T8 L FAE REV(In
MBriE S (ICBMs) . &M €178 (@8 X
). MBATE I XHBEETH), M REV
BTa#M#AF K K528 (expendable launch vehicle,
ELV), Bt / 52K K ELV (BD evolved/enhanced
expendable launch vehicle, EELV). RHV 0] Ll i &
A B G ATR% ICBMs B, BRMENKS L
Tk, ELAAT “QEFEKRT—H, BdH#
AR, BHZE X—KEBfk ETRSA
ERERAAGHEAELRE WIRRELASHER
(turbine-based combined-cycle, TBCC) k #f &4 &
P& (rocket-based combined-cycle, RBCC)) fj & H
A F 8 E AR E 8 kK i (airbreathing reusable launch
vehicle, ARLV) £ R K ¥ K el LILW LE B
br. AT A4

# 4 RETE (USAF) HEXHEMHMR (vision) | HMHHAL, RMRHER )

2000 £ USAF X 2SR E R (2025 )

2000 £ USAF MsChRRE S

o UHENEHTE.

o R = a1 &b,

o AEMAHMANEFEATEER LRERT

o FEJLAEA, TARRILNDE ARER{TE

e NMERZEBHMMEARBIHENHRR

¢ MEEAL (continental United States, CONUS) #4747
o NBMBEAN

o SREE (AF) ARAHA, BT, MESFRASZNRS.
o B ICBMs 4t, AF RHEELABIA, L&

o F|f] EELVs W% ja] th $1 R i A RS

o MR RAES MO EERES.

B2, % 2000 FEXTEMLRENRERT TE 2025 FRRNER.

ARLV (AHV-RLV) qfll R £E%%E, NASA MITVRBKE (2025 4) 8K

—RRBFTR

M=(4,5) MAAE 1 &,  M=(8~10) BAAE 1 & ,

M= 23 BAA% 1 &

A1 ARSI WERBR, BHERRTERHNTE (Lins@Eblsh K78 (space maneuvering vehicle, SMV) | REEA
(space-based radar, SBR) , XXM )t (space-based laser, SBL)), BRERIE R AT

R 2 BFAREDMRLES, FAAEGOEREERTRA

3.2.3 AHV #gfp 5 3172021

BRANNER LR ERERATENHER
K, AT BREE, FLLwE, BEH HHE
LR — Bl RetR; 5 RIS ot/
AT, A WK

324 HHiEEHAERGENES R —-LEK

A 3 ARG P20 B | SR S B
PR F 1% RRE RE RS (RRFERLBE
R, IR R B, REARIREY) K55
FERRER T M=0~4 T, XAHH REBR
BT ‘K&, AERREHERENLTARIRS B
22 PRIEBYUREIEL ¥AT M=3~6 KA, BETZ
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RATHEEESH. 83K BTEFERTRI,
KT M > 7 HARATE M=T BLLLETERE, MOA
KREBAHLRE. WERERE, M< 8 FER
K, M=6~14, XREHVATLIAESHER: W
HHEMFEATE, CHL GERTHEIEE) | K /=
FRSHRE, RETER. BBEREGH.
HAEAR - EERE. AT RIEXSHHLET
MO T RFEEN (REERNFIREEE, &
BN FHREIRSE L) SEBEFET (AXK
AL SE IR B KSR W RS LLBE R ELRLE), B
I RBBLIEAF AR B & 317 — A4k, %
TRFARABITEE A EGER M T, R
HORUESBIVERELT. SXBLRA & RIS, R T4k



A EK R TBCC #1 RBCCB:19:20211 TSTO R I,
SSTO B R FI T, MEH NASP ) SSTO
£, BIDAR S HE# — MR CHLA/NR i ) AT 384
A—RRIFE, MELKEF A EENE 2 % (5
AFRFR), ST ERERE). XHE—K, Bk
T NASP ‘— BRI BR = fde s,

3.2.5 HAZTE, RERITHMME—HR B T8
TS B0

MEMENSAEALA, LLRKE R EE (directed
energy weapons, DEW) X )45 st RS LS B R 2
XEESHELZNNANS. AHV MNHA 34
(1) BK3E (B8), G5 KB EZE3N B (time
critical mobile targets) , % & ) 7 #% H 47 (hard and
deeply buried targets) , #IHIE AP % £ 4 (suppres-
sion of enemy air defenses, SEAD) | Bj%s, ¥ 5
B (ballistic missile defense, BMD) F14§ X 338
S B # (theater ballistic missile defense, TBMD);
(2) WL, @ 2FHITEHE / WE. TEENER
fER#S (survivable DEW)/ F##t (ABL-airborne
laser) £, BN (rapid resupply); (3) 2
17, B3 HERS. BRA4BX8IDE, R4
EMKAERNY TE (iR R TR Anti-ASAT-anti
satellite) , fEAEFA / JEiE2HFEH 23 H (deny hostile/
non-combatants use of space)(#1 X L& -ASAT,
BKPE [ HHEKREES (satellite capture/disable)).

326 ®#i5 C'ISR. K&, HEERE. FEmE

RBZ AKX FR 1

KE 2 EaE «ATE, A THER AL EERNMT
A, BEXEAFEMER CYSR(command, control,
communications, computers, and intelligence, surveil-
lance, and reconnaissance) RZE, TjZE A KA
w, XMEERER CISR RERTFEN. HER
PG B, K& CUISR, BRI, (HEHME NS
B, KRTEME, Ba CUISR MERBMEKRE, BN
Bl CTRASGTUR - RE, BTURE—F

R EEE, TMURE T AN, mHSKKH
M. BRTEECENEF IR RS
IS B m St TR, RE—ByPEE #
BB 17 B b F R R R 0 R ] B AR,
RERESEDRERBREARN, ERESBRBOF
Bh. X Tk ) GEK AR ki, BUAR AT BUM M A S
BRERXDAMERMRAZ T, WBREFR, FAH
WL ifi4E (magnetohydrodynamic, MHD) JEL 3, AJ LA
ol R HE B R KB UL PR SR 2 ThE T ORI
T IR

4 AHV H#BELGIHTE, HARRIKIE,
MRFnc @A

4.1 AHV g8 RGit+iT#8

1 £ H A7 NASA-LaRC(langley research cen-
ter) Al TS BB KAITE AHV g 88 (kb it
MadE. B BRREAFER Tt ARV
MRXEY. ARBEHBRRIZER (AR, 5
. s HEEB8REAP RLRW k. R
HU2RREL Y, FAERLEHERHE
PHLSBIEAN. BRE 3 MERE AHV it
ST RIMERR, EAR: HEdE, WEHE. figki o
Fr. XANETE R ZHR AHV B8R Rk r A
PFrd 2. AARRETE R ARV &R 5 4
BEKFR L,

NASA % J& Hyper-X(B] X-43A) I, EHUH K
788 / #E—ARBd A EHER = it
B = WEAIREE = WERRIAE, iFm b
=> REMELE = MERIEAE = ALt
[ RITHRCTREMBEN TR EURaE CTNA
8, B HBRANTHE, s mixt HVS A g &
BB iy K BN & R R AT IE ) — (R LBt

g7 135],

CATRILA, HEHRERIT,
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hsi| [HAE st i
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l l v
Bl 57 HE % 4351 57 [g— >
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BARYH
& Rt

1 WARS B CTRASKN I / Hhiadp 10
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4.2 WEHARRMEIEN—RES o
RENFREERRHGHBHEA KRR

) — B #E.2 (hypersonic technology of development

and verification, HTDV), (| 2, i 3). £ E# Hyper-

X MRk REBEXSEHR, BASEREH
K, RERA=f—ER BT EE CbERal, it8
B, AT, JF BT RRER, HEIWE ST
ERAIE.

3
e T2 : -
LR O S 7"
emsaas] | srwmn | [ wism |

b mERERH
RS
(HYTEDAV)
"y
TR ITHE
| w5 ]

M2 SEFEERRBARIEMSRER (HTDV)E

TRRE ¥
(EFO)

/\
N
/ HTDV (FT)
\\ l

AHEER

RN
(CFD)

N

K 3 BHEEARREMRIE (HTDV) — MEEMEH CFD,
EFD # FT s (3]

4.3 WHHFEA#MY (hypersonic technology
program, HTP)
4.3.1 BRMEEEARML G
RR#fy HTP(HEE) ;Fah T 1988 4, Hatk kR
ZH LA 4.
HTP @B WETEERAKNSE]E,
XRATAENES STFRANBESRMITE
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BF3T; IR BT E R U i v B e B R Bl R
B WARKEE, SIEMKIERTEE R RBEA;
A E S, BFRBE. K% URESMEREEY
T4 HERA1E

HTP 4% 3 1BrEe ( 4): BrEe 1 KHES R
TTREHR SEME AR, HPEE 3 TFHB:
My Bt 1a (1986~1988 4F), BBt 1b (1989~1992 4E), ff
B 1c (1993~1995 4E). BBt 2 MR Bt 3 BRMHE. &
KEETT 4 4 MR BRI RAMERME AR, T4
WAL, WE A hmiRE N — A/ #
PHREATIRE, WIE 4 B 55 H THE 1b (1992
FEIE) T 4 MRBEARTEA TR’ THE E%
SAMSFTEE: B ERERERE (M=7),
£ M=7 ZETRIEHAWEREE, BETSER
RRE, WA F A H AW RS, — Uk
MIRE - BEIRE; EEMAMKETER: HRTH
B / BAaE (C/SiC) AMMMBEM m, %
FHEETHRASONBRIN=4IENERASH
B ESHMNEFEE: KETUERN T EME
i XF ISR AT SE RN SE e, 4R 5 BB
EREUALEEE, KITEHNRER: U ES
SEEER AL, MEIshes (AT st <ol i
FITE 1 R).
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WE AR
i
WE AR
BT / ERHA
1986~1988 ££|1989~1992 #1993~ 1995 $| 1996~2005 4 ] 2005 & LS ﬂ
WE la W& 1b BE 1c W 2 e 3
B4 BAKARMY (HTP)(HE) BAARMEE B
B R
ﬁﬁﬁii 4 % 3HL W E RS E N
A A% R AL
et HHRIH R LR
WEARER j
v i
5P PR EAME
B/ FR% R A%
(TS
HFzh s SANGER AR A1
(CFD)
T
T
sEANPRE| | AnsEs EER
(TPS) (TI) iR
Y
BBEEH ﬁﬁﬁﬁfﬁﬁ BAXNR
B
AR
f AR

B 5 EESEEAMLY (HTP) # 1 MBRRANES P

4.3.2 REKEBR RN BRTREDS SATRRTKYRA, CHAHE
> . N =2 V > F)T’ﬂ_:\‘ [301.
M 2005 EATER EMCREL, XEBETE AMBEHREL dAFEEX mH6 )
ﬁﬁﬁﬂﬁkﬁhiﬁﬁﬂﬁgk§ﬁh 3 B g SERSERAEERE TERRESE LR
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A, ET
M6 EEEEHEN 3 M 0
USAF USAF K EELVs iy USAF
2000 % L .3 2000~2050 383 =y RLV ,;ﬁf
2006 £ &
r BE :SAF/ o
W EERAE TS “ L ) MER
e [€] coNops mag | | NAsAB USAF/
—y ¢
2002 &
EE5H #i  l——] USAF/NASA
ZHH B 1 ,
X-om | | mewan RiTHE 1
M
1
mrBt 2 2006 4 ﬂfﬁﬁ
ﬁéﬁﬁ‘fﬁ #ITHB 2 |[USAF/NASA RERY
REMB mm?ﬁi& Bk 2 BB 1R
*—_
maun | (A
= LR,
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4.4 XBFEARTBIN G (38.19.20,21,37,38]

4.4.1 BRI SREEB AR MRS (1990 S48 b 1)
SIZESN, EENRBEY - FHTHAE
(Daimler-Benz Aerospace AG, DASA) X% F AHV
() 110 ZAEREBEAT TR, BB 5 Kk
TR [shihah 7%, sk, et —ikib, g
R, REMFRE. Sshsh S aE S
it REhYIE, MERBR, SR 16
B, PHEH, KTRRT M=6 (% dEmE
e, KR, A XERNRESE. Hit—1k
T ERFHIRIR: HEdE REM TS — ML, Bk
WEME, WITHNEE. SRRMRSIEaE e
KRR, &t LEMEHMRIE. RENTFREIRITES
fE: W RS, KATERARSR, WBh#H A% SPS,
NBRHE. FERHORKEE BN T XA
HRHFTE M XREAR KRR R 2ARE.

4.4.2 PRIRBEAK AR
MAFFRREFRITTLLE i, R E A

i BE B T LA

(1) MEHEE B R (science and technology, S&T)
AL Pl(1990 fEAUHE ) B AHV (05 A
HIRBERARSU: e 1 sy
MBS, REMTFRE.

(2) ITHEHIELRE (engineering manufacture de-
velopment, EMD) fEf (2000 4£)'9 kil st
BT - HERBRAE 6 NREAYH AHR
4 Nk - REWUOHREMARS Tl —ikk &
S TERRL ARSI SAERE, (T4
BRI AS4E%. in X-43ARU(INE 5), FbbE A%
BA 74 WTERRYS HSRKIEE MR
SRR HOIP RS VT RS BTRIRETFA
K BIMOHAE A TIE BB VTR RS
R, BB WTRREATIRI, B &IREwb
WEBARRIE (technology readiness level, TRL)
TRL > 6 K)%&#. % EMD Z5# S&T B:iR5IH
REBAREA—H, BRELE. EHRE HEL.

% 5 NASA ZHME Mach #f AHV R%# TRL ks 2V

TAEA H 45#9KE % (WBS elements)

1.01 7P EskaE X
1.02 KATERE K X

3.04
3.05 i HE

3.06 1

4.0 ARG kR

.02 W HI7

405 1

4.06 #CiE 4

407 £
4.08 % H

5.0 #BhY RS

5.03 #kzhd )

g“s ‘ ,_‘('. 3‘ H1 “} “"‘
5.06 #EEhyd HIBR T
6.0 PLH T 7%

6.01 A #!

6.02 HALHFRH

6.03 ¥, K MIHLHI(VPP&D)
6.04 43 J1 5. 6(APU)

6.05 Rk &MmEsi t(EPG&C)
6.06 A (RCS)

6.07 K RE A

6.09 %% st 2 (AVTCS)

6.10 &7

6.11 ¥ %

7.0 HTHEHRG TRS

7.01 i IVHM)
7.02 I (S ed
7.03 GNC&T 11

7.04 AP AR

7.05 &)yl A RE i) e

7.06 &1

7.07 484

7.08 X U1EF A 114

7.09 RLV 15 1% 3%

(3) NERERAERE P, BB IETLUS %
3RRH: BARK. LARS. MRS B
FHXBEREARERETHE AT H—th

R, B E@B LECLHSR T EH#™R

RAES: BTt EEER RS R (highly reliable
reusable launch systems, HRRLS) 155 3t i A HRA8E k.
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BEAZRY (high mass mars entry systems, HMMES)

REBRBERNT . ERESE 444 R D
%t F M < 12 f§ TSTO TBCC HRRLS R4

HAR.

4.4.3 EE NASA §) X-43A #x8HE AR

AV NASA 7 2006 FRFRER, B4
LTt AT ¥ATIRE M EE NASA # Hyper-X (H]
X-43A) BIR@ER (F 5, XN AR L X-
43A RS, FrLALCRTIE B I HE, Eakhs, Bk
. EBEENE, HiTEE NASA XEATHEHE
g FE (work breakdown structure, WBS) FIH RK
A (TRL) RFRABEARNAEHNER. XEE
B AR A R M X BB AR R A B B A,

444 M <12 ) TSTO TBCC HRRLS #&&if 5
HEAR
X R R X4 B & AR B Rl B R 2 TSTO
TBCC R4 (44k: M <12) H)RBEAN:
(1) PR Hafrkl (airframe structures and
materials)
o K HE MRS AFIA K (long life, high temper-
ature structures and materials)
- #1BP R4 (TPS)
- B4 (leading edges)
- B4\ (3% @ (control surfaces)
- BB ® £t (high temperature seals)
o MJEEMAKIEMA (reusable cryo tank)
(2) 83 - ##t—4%{L (aero-propulsion integra-
tion)
o X HH (mode transition)(FFMIRE - WIE
WS - BERE S EW SRR
o S5l - #EFH4HE (aero-propulsion performance)
(3) #E3t (propulsion)
o BRI S (advanced turbojet)
o SRR (ramjet)
o T AR 2 ph [EME S, (dual-mode scramjet)
o kHiEA 4 a3 (RBCC)
(4) —FL R4 (integrated systems)
® 514% (staging)
o {E M (thermal management)
o #REH (health management)
o IR MNSTBE (power and actuators)
o FHEFN B T4l (intelligent/autonomous con-

trols)
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5.1 WMHBAERZKMEESZTEBNF ERHE—E
gy (11~16,19]

HE YVTRERBRNEEER, HEEANRA
MEMHNFEEL HEOROESR: MBI £
BRITiE / %R, MIBEA AL KA SEAZE X T IR
A CTEA MYAHARIEHNER. XETEE
2000 FREMEETFHMERITR 2020 K EIR
ERE: EMATERENBAES, EHfHAE
WS RIK (LR, Y HEH T RAFAZ
EEFERA, HWRRE HZER. BR EAZ
B A, FEAEFHASENEN RREOHIAT
BHEERELAREAIBRE (BF) . T (X
£) . W (RE) . ATRIE (R CHLERE) . EREA
ZRIBEES.

5.2 RLV REHECTHLMM S 192920553

HATE S KEFEmM2Z Ly ELV(X EELV) 5
BAT LR HER WERKR REESFHA K
K472 (reusable launch vehicle, RLV) A 8§ & 3L
FREFHFEE. RLVAFRE LKA IKNE
HERKAS K178 (rocket reusable launch vehicle,
RRLV), 5% S X ELE K €178 (arbreathing
reusable launch vehicle, ARLV). EF AT AFIH KK
BEHSSHES, dHWHe, EREMTLERSE
HE A K ARLV DB HBTSENZLOESN: #
ZFRI, FIEER, SFRITH, HHREXH, REL
s, MBS X b, XK. 24EH
(multirole) , ARLV "] LISZRE{R AL A, WMNHFAT
6], LMERT S3 (ZHMLE) KiT88 SMV | REXK
¥ SBL , X&E X SBR), & CAISR {1%. LMZEE
AEEFRNSEEH RS (reusable space trans-
portation system, RSTS) R &E#B k{7 ANB K
BE B EREERARS, XSERXHEEA.
B A=A &l HES 1 & ARLV, 2 RRLV.

5.3 TSTO MEME SR (TBCC 1 RBCC)
BT AWML aiTH % 2519~21.36]

St SR K B 0 AR HEE R AT R SCIL R TR AT RO
#£. TSTO MEFAHSTER (TBCC 1 RBCC) £
AZ RIS AT T i, BOREREAR. BN, 5
TIAE. 30K [19] PR H T 3 MARKFE ARLV
HIE. B 20 the 80 FEREMKREERM ZHA
BT T T I RABIR. BEWR S HEHEE REH
B B0 B KRR AN EE WTHFEEFR
— S R, . Bk E A, SET
HHEAR.



5.4 WBEVTHERBMERBESHAIYE

XEB 20 4y 50 EREMRELAESH
SEANFRHR, HHRE 20 L 80 4R
FIILIKR, FEHAT NASP, X-33, X-43 SR
BHRRETEBASN %, MRS TERE, n
LAURA (langley aerothermodynamic upwind relax-
ation), GASP(general aerodynamic simulation pro-
gram), GIANTS(gauss-seidel implicit aerothermody-
namic n-s code with thermochemical surface condi-
tion), FELISA HYP (hypersonic flow computations on
unstructured meshes), DPLUR(data-parallel lower-
upper relaxation), APAS(aerodynamic preliminary
analysis system), OVERFLOW(flowfield computa-
tions over the space shuttle orbiter) % [1~6:8.19,20,39]
X EHRAF R A 3 E R IR AT SRR E AN T
FB BERETERAHANFSELFE X
RITEA SRR MXMHATER, BRSRKZE
R, REER, KIRKHERELISE.

5.5 GMFMMRLIMBITHES

SERtRE () AR, DIRE (K) BEHHR
& Wit Mo TRRRITEE TS, HAIRK
& AHV FriK#ER, LAOHER. £ &,
Bk, H, #, EEEXHTERATKBAHINER,
ﬂﬂiﬁg B‘J?ﬂﬁfﬂk%ﬁiﬁﬁ {2,3,5,7,8,19~21,37,38,40]

5.6 MEXMERRMM G B0
FBEEMPRN R AE LER RN — M LEHN
#ar, HERANEE CITRELANRIMEER, #
H—EE M KRR XBER, RANERERL
BBt BRI RE, HERFERE—RNEBEIA
7. BEEAMPTAEE. #E, RSh, ST
K R, STRER. R KEPTRE B A
Bhlh, fRMmER, FIBEH, SIS REOTIR.

5.7 {ILIMBBHBAEGTIZM T 1 5171920

BB AR DR T R R B 1) AR, ZERtR
PR, MRKTENEE. BRAI—BT% &
KIR BRAE—ITHAR, BEHRBEHRF 4
DB HREIEE. 0 R B AR R AR R R R
BRLTh, BRLFIHEATRCH, HE RS LA
TAE. EARIINRE RS R T RN S HTFIBIL.

5.8 ERREALTSE B ITRABIZR AU,
SAFRIRRST (2:3:5,10.15.17,19~21,23,25,26.35,36.41]
FIBAETA L, 25T 50 BENS T, ESELLH

T—RIBRSAWBE AR (AHTP), 7 AHV

FHRBTREESK BirE@EARRRBR, X

AKHET, BAVEEERRE, #4RERR, %
DAERZR, BFTLENSE, NEtieRES
BRROBAHMR, FRREACHHE CTERH
KLEEX.
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Abstract This paper begins with a classical definition of hypersonic, some physical phenomena pertinent to
hypersonic flight, the covered range of the hypersonic flight and the features of design process. The differences
between AHV(hypersonic airbreathing vehicles) and RHV(hypersonic rocket vehicles) are discussed, with a
table showing temperatures. In the second part, the paper puts hypersonic vehicles in a military background.
A historical perspective of hypersonic vehicles is given in form of a table with milestones, accompanied with some
lessons learned from the past and relevant for the future. In the last part, a typical design process, development

strategy, technology program, and key technologies of hypersonic airbreathing vehicles are reviewed.
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