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ABSTRACT

The hypersonic glide vehicle ascends to a high altitude by a rocket booster, separates it from
the booster, and glides at a hypersonic speed of Mach 5 or higher at an altitude of about
30~70 km, changing its direction in the atmosphere. Since it moves on an unpredictable flight
path rather than a parabolic trajectory, it is difficult to intercept with current missile defense
systems. The U.S. conducted HTV-2 and AHW f{light tests in the early 2010s to confirm the
possibility of hypersonic gliding flights, and recently it has been developing hypersonic glide
vehicle systems such as LRHW and ARRW. China has conducted several flight tests of the
DE-ZF (WU-14) glide vehicle since 2014 and has been operating it with DF-17 missiles. Russia
has conducted hypersonic glide vehicle research since the former Soviet Union, but it has
repeatedly failed, and recently it has been successfully tested with the Avangard (Yu-71) glide
vehicle mounted on the SS5-19 ICBM. In this paper, the characteristics, flight test cases, and
development trends of hypersonic glide vehicles developed or currently being developed in the
United States, China, Russia, Japan, India, and Europe are reviewed and summarized.
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© Glide: Vehicle flies across
the Pacific Ocean for
approximately 30 minutes,
reaching Mach 20, or about
13,000 mph.

© Pull-up: Flight path
loops upward to control
speed and altitude of
glide phase.

© Launch: Rocket lifts the
vehicle to an undisclosed
altitude. Vehicle separates
from rocket.

A\

© Reentry: An onboard © End: Vehicle finishes.

reaction control system flight and falls into the
and flaps guide vehicle ocean 4,000 miles
back into upper from Vandenberg

atmosphere. Air Force Base near
Kwajalein Atoll. -‘

Fig. 4. HTV-2 flight sequence [18]
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Fig. 5. HTV-2 over-ocean flight paths [19]
Table 1. Flight test results of HTV-2 [10]

Date Flight test results

The HTV-2 successfully separated from its
launch vehicle allowing the collection of 139
seconds of Mach 22 to Mach 17 aerodynamic
data. However, the flight was ended
prematurely (about 9 minutes after launch) by
an autonomous flight termination system after
the vehicle began to rotate uncontrollably.

Apr. 22,
2010

The HTV-2 successfully achieved aero—
dynamically controlled flight for nearly three
minutes, but the test was ended automatically
(about 9 minutes after launch) when, as a
result of heating, larger than anticipated
portions of the vehicle’s skin peeled from the
aerostructure causing the vehicle to roll
abruptly. The problem was unrelated to the
anomaly in the first flight.

Aug. 10,
2011
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Fig. 9. HX boost-glide flight sequence [22]
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Fig. 11. The first flight test trajectory of AHW [26]

Table 2. Flight test results of AHW [27,28]

Date Flight test results
The AHW was successfully deployed on
the desired flight trajectory, flew a
non-ballistic glide trajectory at hypersonic
Nov. 17, . )
2011 speeq, and then hit the planne_d impact
location at the Reagan Test Site on
Kwajalein Atoll - about 3,700 km from the
launch point.
The AHW was launched from the Kodiak
Aug. 25, | Launch Complex in Alaska, but the test
2014 | was terminated near the launch pad shortly
after lift-off due to booster malfunction.

Aok 12 BgAIRA A= E7198, 3N,
Ao, WE 7«34 A#d HolHE S25%
ZHoll A BE5stgth 1 & 20143 8Y 259 5
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&m«sw

3
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Az M2 weEst] FPska Uk s JJr ST
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Fig. 12. LRHW, canister and launchers [29]
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. AGM-183A ARRW<= B-1, B-52, F-15 & ZAF7]

Fig. 13. AGM-183A ARRW configuration [33]
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Edwards & 7]|A & ©]&3te] ARRWel tigt 3 =
A EEEAL HYAFE FASS FHY T4

Hlol el S 3HR 3% thHe,34].
22 =9 HGV g7y S&
2.2.1 WU-14, DF-ZF

FH AN AN ARl (Wuzhai) Ao el
b SIAMAAE o] A 20149 19 9 WALH BElS
10 A5 Fx&H50E dolrte &3 BlPA 7L v
= Zo 93] A5 ©AEHJATIL Washington Free
Beacon®] EE3 1, 1] W= o]&F WU-14E H
H(WUE Wuzhai, 14+ 20149A4 242 whg)3kod
o a8y F2e 1 F WU-14E DF-ZFeta %%

flo
e
32
O

TH A& A (ALY, FI37] T) TlerEe
& ZE4E AAAPHANE 17

BH% F%5 JF-12(7F8k 5~9, 2% 1,500~
3,500K), FD-21("}st 10~15) & E.oh BH} npskE 25
7HA 8] S2E5E APRRE S 2AD ¢ e AR
265me| WE & (hypersonic wind tunnel)
< A4 Folm 2020 & Aol o= Al
Al A 747 wkE E el BAR = =

%
SER N

SR RS ABIX A E I

Fig. 14. China’s HGV model in the JF-12 wind
tunnel [35]

1 DF-ZFis
boosted to

5 Manoeuvres test
aerodynamic
performance

6 It dives \

3 RCS and aero
controls are used
near orbital for re-entry into

sp7 '\ upper atmosphere

2 It uses Reaction 4 A pull-up
Control System manoeuvre to into the
(RCS) to orient control speed target
itself and altitude is
performed

Fig. 15. DF-ZF flight sequence [36]

Table 3. Flight test results of WU-14/DF-ZF [37]

Date Flight test results
ngi 49’ First test launch
Aug. 7, | Failed test, missile broke up soon after
2014 | launch
Dzegi 42’ Successful test
Jun. 7, | Apparent success, U.S. official noted the
2015 | vehicle took “extreme maneuvers”
Aug. 19, | Apparent success, U.S. official noted the
2015 | vehicle took “evasive actions”
Nov. 283, | Successful, with the HGV reaching a
2015 | speed “beyond Mach 5”
Azg 122’ Successful test
Nov. 1. Fllew approx. 1,400 km over 11 minutes,
2017 with the HTV flying at a depressed
altitude of around 60 km
Nov. 15,
2017 Employed DF-17 to boost HGV to apogee
F5 AAE Gl(winged) Fde HGV Algxd
< HoFET

Figure 15% DF-ZF HGVS] HIGAE AU 2E
HAZED S8 20149 5E 201737HA H4 99
HGV R PAHS 33 om, Table 32 F/NH H
YAFE G ANFAH F& BHoFEnh 201500 4
AE 4, 52 HIPAIF L HALE o] AAE 39T
T de FF VIEsES gl Aol F
HWH A F2EEd HA 2, CZ-2C) A
AT B Zaz Ayglon) A3 dele =
MEA X%, Fig. 162 Weile] Hojxl FH
ZH & Kol FUH38].

Fig. 16. Photos of crash site for WU-14 flight test Il [38]
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Fig. 17. DF-17 missiles on parade in Beijing [39]

20143 FE 2016 7FA] 7HE HIPAIH L FIF A
5 AR (-Aol) ERel 9t 1A RAMANE ol A 53
3k DF-ZF 7dAgoldcth 2017d 11¥€el AA= 2
He] HgPA P DF-17(53-17) HlAY ol DF-ZF&
gAstE AdozA UEE F3¢(iuquan) 94T
A E o A TEALSESY] 41 (Xinjiang) Aol e F
EEo =2z AFgd FIAHJG. 20174
11¥ 1¥ BIPAFL DE-ZF7F B 2E oA Eg5o]
usl 10 =2 gi7]d ARY T ¢ 60km L=
ol A 1187t 1,400kmE &3-3FATH37].

Figure 172 2019'd 10¥ +AF Heol=e I
DF-ZFE Ao &A% DF-17 A48 g% vAY
S RoFH, i) Ao DF-ZF Zu|o 4719 7y
27t e AS E & Utk DF-17 HAMYE 2 AMA
27} 1,800~2,500km©] ™, DF-ZF+= DF-21 A& &
= HAMY, DF-31 ICBM & $=¢9 tfst g% o
Ardol| &A 7}58tH, DE-ZF HGVY ZE &&=
nlslE 5~102.2 & A ATH39,40].

2.3 4@l/EAlolel HGV o 7Y S8

2.3.1 &"& Yu-70/102E

A#-2 "=9 SDI(Strategic Defense Initiative)©ll
&3ty A AFE 19859 AAEEA L, olH @
AT Yo E NPOMash(NPO Mashinostroyeniya,
Chelomey Design Bureau)”} “Gliding Winged Re-
entry Vehicle”o]g}al B2 HGV A7E Ao =
A kst Albatross ZEAHE T3 FP3Hh. A
A AT8 2 WA= 102EE, ol& @A Al
2" 15Yu70 =& Yu-702. 8 A3yt RAHE
UR-100NUTTH(SS-19) ICBMe| AR&¥ 131, HGV
SDI WAL WofAAZEE HAHA F=5 8§
?lell of 70~80 kme] AEE HIAsHA 7EA
ZHAA AR 1990 ol HPAFE 23]
T3t Kamchatkaol U= AlFFo] Hd3Ho=z
=gt oy HgAP Fol HGVE F2HolA &
A Utk 1 % HGVE &gste RyA P
13 Agstsod Ad AF= /A &k,

o N | r|r

AC)

H o #

Table 4. Flight test results of Yu-70/102E [41,42]
Date Flight test results
First flight test of the Yu-70/102E vehicle
Feb. 28, | of the Albatross programme.
1990 | No separation of the glide vehicle from
the boost stage
Mar. 29, | Yu-70/102E glide vehicle; No separation
1990 | of the glide vehicle from the boost stage
Jun. 27, | UR-100NUTTH(SS-19) launch that may
2001 have involved a test of the glide vehicle
Feb. 18 Demonstration of the Yu-70/102E
7| vehicle. UR-100NUTTH launch during a
2004 . .
strategic exercise; reportedly unsuccessful

g AHY BH191)E AT AU ooz
Albatross ZEAEE 245 %A 7 NPOMash+s HGV
ATE ALESFATH4L].

Table 4= Yu-70/102E HGV H|FAE A=A = A
dAINE HAFEY, 20049 29 HFFE7] TH Fof
HAAAEAE LolA UR-100NUTTHE Kazakhstan
A9 e] Baikonurol Al TARSFH U HIGPAIFE  Fo
Yu-70/102E7} A& = o] Kamchatka 2R o =3}
A ZstTh HgAIEe] REZHQ ZFANE B3t
3 Albatross ZZ A E& #Alole] AHA|-FA A=A}
o] 4% A YPS o} 200737l “Project 4202”7 =
A85 2t NPOMashE Yu-70/102E9] A oj Al A&l
S AAPE $=F2koly Khartron JSC 5 £8AAE
de 3AE wiAE Al Yu-70/102E HGV % #d#
N2"lS g5 AA A4 & A4 WAd &3
FA o] EE Yu7lE TH3ATH4].

2.3.2 2{ Ao} Yu-71, Yu-74, Avangard

“Project 4202”7 st Aztd &E BlPAA Yu-
718 &g S519 ICBM2l A WAl HPAHLS
2011 12€¥€9 ZIAFE2~¥re] Baikonur ‘ZHAFARO A
AAEJL I Fole A Az ZYgo] 4EdH
G5 22 9] Orenburg A% Yasny F Ao}k
Dombarovskiy HIAFY Z]A| 2 #}ALo] 20131 F-E] H]
PAYE WAE PAN FFAA = BT S5 Aot
Kamchatka ¥F=9] Kura "|AFY Al@#o]Ath. Table
5+ #Alo} HGV HIGIAIE Uz 9 AIFZAAE Ho
ZT}. Dombarovskiyoll A AAg 20131 9¢, 2014'd
99 9 2015 2¢ WA F i3] Aok FANA
A AFAY dEE IAAT, AU HAA oA HE
A5E B3 B o vgAPe A Aoz FH
gt Yu712 "5 MD AAE AT F de 7
AL HAH, Yu-71€ SS-19 A F7 HH 2t
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Table 5. Flight test results of Yu-71/Yu-74/
Avangard [41,42]

Date Flight test results
Dec. 27, | First test of the Yu-71 glide vehicle of
2011 project 4202
Sep. 27,| Yu-71 glide vehicle of project 4202 :
2013 | reportedly unsuccessful
Sep. Suspected project 4202 test; probably
2014 | unsuccessful
Fz% 156’ project 4202 test: reportedly unsuccessful
Apr. 19,
2016 Reportedly successful
Oct. 25,
2016 Reportedly successful
Oct.
0017 Reportedly unsuccessful
Dec. 26,
2018 Reportedly successful

2 AR HFEE 1,400~1,700km A|Ho| Hojg
stAIRE widy A2 AE v ek ¥/ 2 A ok
HGV 712 2015 6 Jane's Intelligence Review
of I/ME7I Aol %= dE Aol Ao AN
oH41].

20160 AAI F el HRAELS Yu-74 HGVE
R-36M2(S5-18 Mod 5) ICBMell &Al3te] Dombarovskiy
oA AL ¥ Kamchatka ©2A] o] H &3] =2gFo
24 AFgd FIHIAT ol 2lAloF HGVZE A
=22 AFd AP Pdol, HGVE F2HdA &
gots TAVE AH 2N olF Aot

Ao HGVE| vwiAet v A E 2 2018'd 129
Avangard(¥ 1% Vanguard) HGVE UR-100NUTTkh
(S5-19 Mod 3) ICBMel A3t Dombarovskiy &
BE Ao st 20 o)A S ® 6,000km  H 8t
Kamchatkaol] E23to 24 AzZg o] 333, 2019
9 12d 2o AHErArd Foholl #iA| skt

Yu71& BRIV 2 S255 GEshe v
217 HAloF HGVE 7] ol&olH, Yu-74= AF
7l A& HGVE T&3t7] flsl 24 o]F°lth
183 Avangard= Ao} HGVE FA st ol
93 o]Folth wetA Yu-71, Yu-74 ¥ Avangard
t 593 HGVo|t}H43-45].

Figure 182 S 25422 ti7]d oA vldgsl=
Avangard 7V EE HAFH, ¥ A= Fepzn)
of ofsf EEMolAl Hu et o] Wl d A (delta-
shape vehicle)°o]™, Zol= 54mo|th. # A ok= T4
o Sx25% H]fiﬂ Eto 2,000°C 225 A€ F
U HEAZol ¢ FFAEE /NEste] Avangard

I

Fig. 18. Yu-71/Yu-74/Avangard configuration [44]

o &3, ZT=EE B T4, AHY uiA,
2471 EFeFZvHmagnetic plasma) 37 T3 #HH
Z1sol dsiA= 37098 vk $loH7]. Avangard®] At
A8 & 6,000km °©]/Folx, FAE ¢ 28E0lH, IE
100km BAEd A HGVE R2E2RE Eg5o 1
718 FHsEA &F vgs iy, Ho vietee
20~27°] =3ttty REE vl lvh46].

24 L2 H HGV o 770 &
241 &2 HYFLEX ¥ HVGP Z233

HYFLEX(HYpersonic FLight EXperiment)= ==
=& Bl AA, A g wAdERt ohy
71 AR 71e o AGA A 7] oy
= HIFAE ] goked dHolHE FEty] AT vy
ANg zZ2AEo|th, HYFLEX HISAE Fig. 19914
B0l 28 3A 2AL 1] o5 thiskAnk £

= =
QI =2 S &

A Al 1996 2ol WARE O] = 110kmol Al
EACRRE 849 F S2S5EY vieks 152

2 vgstrl g1 ARYe)| A3 & A=
okl Hokabel]l wig™ A EAREOIAM 1, 300km E!
ol AXAw 4 B2 wthe] A+HAL 5=

531 TH47,48].

Fig. 19. HYFLEX flight sequence [48]
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Fig. 20. HYFLEX configuration [48]

Figure 2004 H%o] HYFLEX HlA= & RS
€ S8l sa/sa 5aA, ARY Bd 2 A2t
SiO)Y EFHHALO) A2 = %Oﬂff} G =

QoA et v gA 7]°]‘C 440m, ¥ 1.36m,
A= 1,073kgel™, -2 IMU(Inertia Measurement
Unit)E, AA Ao = RCSS} elevon oo E & A}

F39th MPAdE 2% AAMB7A), ¢E AA
Qo7N), =E#S AAM@EA), Zgzv =4S 93
Reflectometer S E|LVH270) So] A= Aol vlgA

Bkl F&3 HolHE & 533 TH48,49].

RS FT=, 5 5 A= TAE Sl o
337l 913l GPS S22 fFEHE AAY 500km ©]
e S84 &% HVGP(Hyper-Velocity Gliding

=]

Projectile) 7N Alg& EEFHTE Fig. 2104 HX0]
HVGP 7&& GAZ AYH} 1A= d8 &
ARl A7, Gl T A HJOJ% EXE 20261
A M f53H, 294 &F f‘%@l FALE %
#4e AEY F UEE S5 UE nofo g F3}
v &£=9 AglE ETHA ¢ X9 A==
ste UEdE Fx245 TS 20281 o] Fof
Eﬂ of| 4 o] TH[50].

Hj

133
s

i m (Early equipment type)

Around FY2026

- ( m (Enhanced type)

FY2028 or later
Glldmg at supersonic speed

! Payload
separation
Guided attack
via GPS &
V]

E;E : i is'ﬁnﬁd,;pe Aircraft carrier

\ uipment ty, 2
Launched ¥ e and other vessels
by rocket Enhanced type

Fig. 21. Japan’s HVGP program [50]

HGV-202F

A

HTNP INDUSTRIES PRIVATE LIMITED

Fig. 22. India’s HGV-202F image [51]

2.4.2 2l HGV-202F

1= DRDO(Defence Research and Development
Organisation)&= 7N F< 2IWAAE vIPAE 4
%7] HSTDV(HyperSonic Technology Demonstrator
Vehicle, v}3l 6, L= 325km)oll thst 3 WA ]
FAES 20199 6ol FHYTh EJ DRDOS’»} &
Alo} NPOMash& ¥&§° = BrahMos-l 2% <%
A o] 4 =HQl BrahMos-II %Z:,%—i‘— =& v
A (mhstr 7, 23FAE <IR)E AT el Aok
olgl FAll Q= Hxe] FxE TE wAA<
HGV-202F& HTNP Industries”7t DRDO &3 FH

MEstAT AY FolH, 3/N1E HGV-202F 7H=
+ Fig. 229} ZTH51].
25 79 HGV A7et =&
251 =& A V-max
I = BAE FA FFLA ujAY ASMP 2

ASMP-A(WF8t 3)E 71d3te] Rafale & #HE7]ol
AR, 19909 FE = F25E5 FH 1a AT
(WRR, PREPHA, JAPHAR %) %o| 331, o
= 7|¥lo 2 ASMP-A ¥4 =dE¢l ASN4G z%ﬁ

P AL (et 4~8, 2AFAE AR)S ATt At
[52]. ®=%F V-max(Véhicule manoeuvrant expérimental)
ZSAER s 5 olge FFUA Fres @
3 HIAAE Adsted 2021d 27tA A HIPAF
Aot V-max T FAYA = ArianeGroup©]
o, FAAH(DGA)S V-maxE 53 F254 &
& "] 7 @A 5 ndA shde] Zagh 9
A 71E & F2E55 A A JlEdT, 22
Ades e &4 55 A7 Folt53].

2.5.2 ¢ SHEFEX

SHEFEX(SHarp Edge Flight EXperiment) = =%
$+FAEH(DLR) F=2 di7]d AXY 58S 7F
FAE, 255 WA, 5 g7 244 &GS
), 55/75982, v, & & A53sh7] 9
3 zEA %ﬂ]?ﬂoi HPsta A ti7]d W sk 73t
(100~20km)ol| 4] 22ty o] 72§ AT (octagonal
sharp leading edge)E 7}l HI&A| o] S23& 54

o Avse Aug ANY WYY ZA ol

&

-
)
o

=
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n:“é
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\__ 1% |
9 TPS 5ystems (AQ,IRIUM =
MT-A, AFRL, DLR}" *
> 1 actively cooled segment =
4 Hot" Antennas

Fig. 23. SHEFEX Il body and its components [56]

SHEFEX 12 20051 10€el, SHEFEX II& 20129 6
doll 298 A FzElo] o3 WAE LA A
Zog 747y 3% 200km, 180kmeoll &}t & wlas:
5.6(@80km)~6.2(@26km), 10.2(@101km)~9.3(@30km)2-
2 sigetiA 25, oY, 45 5 34 dely %
F4E F53 o, SHEFEX I 20211 d] LA
of g o] t}[54,55].

Figure 232 SHEFEX II &% HlajA 9 47 74
F e BoEn A AR dEs adg
S 2 ASTRIUM GSolA 7Ed C/CSIC(E=E 1,900
kg/m’)7F AEHA, AR #d HAE 2E, Y
E, 94 FT& CMC(Ceramlc Matrix Composﬁe)i

AZRE YTt MPAE AT AR FEREL $59
Uy EALS ROt =3 5% yZ4e Qs A4
B WAAR AL 084 C/CUIEE 12% BE

1 400kg/ m)E A& v‘?% ]‘(transplranon cooling)
FI(AKTIV)S AZste] Ao Zdo] 2239

—’, =2 94 E?-_r = Q’ 1_3}93‘:}[55-57].

253 g3

@< DSTL (Defence Science and Technology
Laboratory)& S&5% &3 HIPA S 54 &4 9
Md AAE &3 Fig. 249 “UK-Blended body”

Conical body

_

+  Peak Lift/ Drag ~ 2
Good controllability

Delta Winged body

Peak Lift/ Drag ~ 3.5
Good controllability

Winged body

UK-Blended body

Peak Lift/ Drag ~ 4
Challenging controllability

« Lift / Drag : 35 ~ 50
« Good controllability

Fig. 24. Comparison of HGV shapes and
characteristics [58]

HGV 34<& =313t HGV+ Boeing-747 2 5-E
% AAEY 25k 1A 2A] o8 1% <F 60km
oA whst 5744 ThEE & %FJEM I 40km
NA w=gsty oF 600km HIYES HxEZ St B

A= 3.6m 4o], 35~5.09] =2 & —“%]: & ztoH, &
Ae C/C 5 HEHdo] =3 HdAE, FHFA #
& #AFH, SAR(Synthetic Aperture Radar)¥} 3+

7l GPSE A& o & o] T}[58,59].
m. 2 £

"= Falcon ZTEII#o] 2= 2003 o] FHEH
BEARow AFNTstl Jdv 295 &F 1Y
AMHGV)Al g EA, vgAd Abd 2 AT
AEL O3 2o

1) "= 2 FFHE 71z G F24Fe] HTV-2
HGVE 7&ste] vIgAIFE 23] 4R T 714
QAP AZ gAHETE & Yawel Roll Ao =2 v
A7t Erlsste BF AstHa, o9k v 5% A
1o MdE dE ?%l*bl AHW HGV‘: Heg=z &
Z A o} FxS£E0F 3700km ATE 30E
T AZHeE HdggoEN F2545 T Hlfﬁ 7}
TS #FJsAT Hol= TBG, C-HGB 5 HGV
A AEET ol FExEe AfH X]*J/fé}zé
(Fdh/EF EAF vARYS] LRHW, ARRW &
Nata ot

2) 3 DF-ZF(WU- 14) HGVE /a3t 20143
FE 9 ol vIPA PSS TP o DF-ZFE Al
3+ DF-17 "AlY & ?%M +83ta Utk FAjol=
'7')\&‘ /\]zéTEi '_|—“—1j‘_l %’J— H]ng'“ O:]-?- 83
AR ARE AFIAL 2ol Avangard(Yu 71)
HGVE SS-19 ICBMol ®A13t 6,000km @7 &
Ao Tz o R AHFE Hlﬁﬁf\ln— u}x]
AR Boje] wjASH Tk HIZol Y8, Ax, =FH
2, 93 SoAE HGV /M AZLS wwd b 9l
3 AT MNEE At Yt

3)) 2% &F HFA MY #H Id4VeRE
7AW ANA F7] vhER A3 ok7|= & ¢F 2,000°C
a2 Ade ¥PA yE A} AAEFAE),
grld Ay AF vy FE, %&3—1‘3& &35}
T W2 &8 F9ddA 5 tssta
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