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Application and Prospect of Short Term Flight Testing Tools
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(National Space Science Center of CAS, Beijing 100190, China)

Abstract: Short-term flight test in space refers to the scientific explorer and technical verification
methods with sounding rockets, balloons, sub-orbital reusable launch vehicles and other means
launched to a certain height. The development history and application status of space short-term
flight testing tools were reviewed, and the role in scientific observation and new technology verifi-
cation were summarized. Taking NASA FOP (Flight Opportunities Program) as an example, the
application in the payloads technical readiness assessment was emphatically described. Combined
with the requirements in space science exploration and space technical verification, the application
of space short-term flight testing tools in China was prospected and predicted.
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1800
| Black Brant X Mod 1
1600
Black Brant XII E‘}&‘fﬁ
*NIEIT
Black Brant X
12004 1100 =
S
%1000 100 s
iy 900 ;
= {2 F2 R0 T X =
g 800
m 800 A
b 3
= |
= 600 = . F700 =
K, R A =
Terrier mk70 Lynx 0] i A [X daf 600 %
4004 Taurus \\ Black k500
Orion Brant XI 400
\ Terrier Black Brant Mod 2 B
2009 Super e Terler Black Brant(BBIX) 300
Arcas 100
0 ~ \,Oripn | | ] Terrier Oriorll Blan]lc ant(BBV)]
0 200 400 600 1000 1200 1400 1600

B ST/
2 NASA JRENEFHCITRE
Fig. 2 NASA sounding rocket vehicle performance



68 FAL AR A

2018 4 11 H

W 2 B B s kg el ik E L R E
PR, B . e R AE L 32Ok HE AT MR R AR
W, s, Amfheim e, 1962 4E 6 A,
M Z B BN % T BRI 2 E OB Y 4 4
(European Space Research Organisation, ESRO)
INYY s PR A T TR B A Y T RO 2H 2L =
Hzs ) L E Rl 2 —., ESRO W5 — Mk & T
1964 4F 7 H 6 HFI 8 HAER KA T &1 Salto di
Quirra A& 5F, S50 A R A i B A B R B )
FEANGURAE . F 1972 45, ESRO ME I %25 ki
THRIZS RS, RS T 140 A ki, 5
it I7E ESRO B R IITE gh b A48 T EmEAE N,

HAr, Moo= Jmy i 88 25 Kf7 3 2 F TEXUS,
MASER #il MAXUS %1, BB # 47 500kg A &L
A AT 750km WY E A . TEXUS J2& 78 [ /Y il
NI A H . MASER & Fi 8iL (1 b1 R Rl 2 51
B K. MAXUS J2 18 [= il 5 5 4 AT 1 0 4
[i] ol o T 1 T

RS KH — H RS AT R ot . R
B WEZETH, 2000412 A 1 B, ESA fERRI
WURE S &3 T — A TEXUS-EML # %5 K i
%I H 1 ESA F1E E T AT BE (Deutrum  fiir
Luft-und Raumfahrt, DLR) F:[E# %, 78 k& K
ATIE], O E AR T A L T 5 g R A Y S
EHBEAME, 2007 4F 11 A 4G, ESA a4 w5
A1 BATE i B At 30 00 6 3 0 & O IR S KR, AT 2
Rl SE 8, 2018 F 7 H 6 H, MR A
ST MO A KR, 38 R R [ A A R A AT P
WA 20 et Ml A S, R G
S AR B R AT T E, Rk B 2k
FRMER Y, N — L ity e A
AR ey B L AE — i, /N AL I 48 K B AL A S i
RITHE,

Fig ML AL LA YN ) Esrange #4825 KCFi & Hb 2
A7l kg . 6RO WL I R b 1% S 5 1Y R
Ho, ZHEEHT 1966 4F 11 19 H A ESRO 4141 %
SRS —BOR 25 JCHiT . B o S 1 4 b 1R 4 300 )
i, £ ESRO WG4 R m, SR 2 B & 1F. +F
SLHEAT i 2 R b DT IR R B Y. A,
AL O A S 24 550 MURZS KHT . BN E BRAl e
S RN E N AR AW | I NE R O K 7 S Tl 0]
HEEH, SEE. H A S E R AL R DL FER %S R
W5 Z A KEEESH .

H A ISAS #1825 K i — B J& H A %5 0B 2E i 58
MEZIA, EEHTREERN., &2 KA
WFoE . S S8 PR HEN S5, FEH 7R
R, Hoh MT-135, S-210, K-9M, K-10 M7 k
i HAEGAE M= KE A S310, S-520 Hil SS-
520, S-310 & —Fhrp AU B G K Fi, H A 310mm,
ATLLIA B 150km BY & . B RIHET & S-300 &N T
E B AR P FE AT 000 1 &, S Ok B TR AR Bh
g5 1R A AR R S B IR R R, &
i AR Bk fE S AR e KA. S-520 J& K-9M Al K-
10 BIPRZS KHF I TP, W — KRk &, W]
ERC = AW K E RS, RRUEK 100kg £
Bk s & ST 3 300km m S, FRHRALE T Smin MUK
HSRATEREE . SS-520 J&—Fh g k&, fES A
140kg MY A S8 Ar A& 53 B K2 800km Y& JiE .

H &S 2 2 FF R WA T 2014 45 8 ] 17
H 7t Uchinoura fii X H .0 & 8 T S-520-29 =5 k
B XTEUR E 228 RS54 7 ST AR, 2016 4F
I FHAR 25 i W R 2 S i g S0 5% vp i A< R A 4D
HEAT TS5, WEBH T 8K R F AR A K A o DL R 4R
By, 2017 4E 1 H 15 H, SS-520-2 K &t &%
— M 29 R 3kg MIHLER Ak T A TRICOM-1 %
ABE, Bl THRARFER, kKKK, 2018 4 2
H 3 H. 7 Uchinoura i K P LHEAT T 5 KA
Sf. JF D) R LR & M B TR Tasuki
(TRICOM-1R) % A%,

s ki e moos . mIR . Rl 4
TR PR, R A R B R R A ) A R R AT AT
ESFAY B e T B, i NASA 2017 4E 956 15 H
5 w5 4y R A R A B AR AL, M RO B
e W B AR L a3 ) = BB L T 4 4K 4 AR Y T AT
AR R, KREEHAR. GELRITHKEAR, &
T ARG A B g KRS X5, DL SOH B TR
ADAEARE B B R T A DU E AR
P25 KET LB AT B S NASA 78 25 8] 3 4T 55
WA R 55 . 7 B4 08 r 1 & 8 O T i 45 T
FoAR, yas ) BF 2z 500 2 AR R R S0 2 T
2

BFE MR A KT T I — T BEAT 5510,
PRZS KT 5 1 TE A IO T B0 AR % AT B
WRER BARE R, NASA ik i4E EEHTH
FBEER AT IR R 8. & 2 KA s,
SR R 7 it 58 il i N 1 = HE AT R RAORL 4R I



E

23 [A)JE I e AT I T R 7 T e B 69

WS B A I R AR 2 TP SR R SR B T Y
PR . K BAB 58 A1 O 355 (R 0L L 2 ] I 28 Ml 4
WAETI 0 2014 4R 12 828 KT ATAE S P
& 1 FOXSI ( Focusing
Imager) {{#FERM 2] T — L8 4 A Nanoflares A/
AR BHEBE 0 BT IE 4 . 2012 4F & S R 25 K #
R S PR H R R AR BT K W R il
AR,

J38h . NASA B iEFr Z R 25 K HEi 5 SOHO,
TRACE. STEREO S7EH1 T2 09w 73 Bt
A X R . JF O 2013—2017 4R ZE 5
A, RRAE R — MO S AN OIS bR e KET, Bk
B SDO (Solar Dynamics Observatory) T 25 iE
s, AR e TR A R

FOE RN IR R S T I H ) — T A
%o TERCRZFA . MMk Z4f % U KRR L T
e, AILLE S IR 25 K §i AT 55 4R 15 5L R 0
WK E & NA . hik, NASA Jash T & h2Ed
B AR K 1 RockSat-X 3% . RockSat-X 43+ N
3B H—Br BN RockOn, Z5HLZ KT
TENVHUIE KCHF b AT B A RO AT BT R Y
R A0AR B DI 5 7E RockOn By B 58 i 56 il 41 1 27
HZ ). A BB RockSat-C frBt, & 5i17
o far AT IR AT R AT S s RockSat-X By Bt
R0 Ry e fe . RAT i R LT A B B 4
32km, REREEEMALTE 20 CAT ]

1.2 REZESKERVEELHIA

(1) B8k

SERERZ M AMBL WM EZE T A, /]
KATTH I, R, PR &R R A
A R EESR PR (Zero-pressure Balloon) F1i#8 &
E A BRI
BRAETECR . 0 R S AN A A e, S )
Fre AT WF [ — oA 2h ~ 3d. K AT R E AT Gk
38km, #fj i Al ik 200kg, #A R ABR R 0 %
Y, AEAGESR B, EIEEK, £
Wk, frg RATmH EERAKK, KT
FrWFAIAT G5 100 Ky AT BE ATk 40km,  #80fif JiE
AT IA 454kg. A T HESERL S0 FBE ST, NASA
LR TR AT HE, x5 H ks e
WM B Wallops ®AT I HLAY 4 2, 7E 35 4 1Yz
EHEHEL T 1700 ZMEFESRBR.

AR R AT H RO LT Bl A R Y

Optics X-ray Solar

S ¥R (Super-pressure Balloon)™,

BEFEZ P, 2013 4F, NASA W ES T
20 ANRERAL LAY FE B, REAS SR A 10 A R
G 29k 20kg, €ATE EECH 30km~35km, FE
HE X o 48 DL K b /g 3% 3h oF 45 g m =,
SERBES) 55 H At A < 25 76 0Ly A 1 3R, it
Z 8] AT B R AT W A5 SR Y L. 2017 4E 10 H
SR FHACER 48 28 10 ) 2 28 47 %t B3R R A0 b 11 52 7 4
R T T W e,

o TARBKBEW E IR KRB Z Bk fT “ B
O, I A8 0% 38 o 38 15 A B ) ek ELRE, B A
[B) S PR SR LI A BB T H, 2017 4E 8 H 21 H.
LA 99 F— B HEBS, NASA it & it
TEA R, At BT T OH B R
Hi%.

SRERW EHATHABIEN FBEZ —. W
NASA BT SR RE i 1R AF 55 W H  (Cosmic-
Ray Energetics and Mass investigation, CREAM) ,
W SERAE Ty 25 AL R TF R IR 567 &, o E bR A
[F) 3 ) A A 8 s i A RAT IR IES

SERFEBIE Il ke B LA kg MR, X
b A HE AT HOR R U E 2oy L, W
BalloonSAT #RE T4 HE & — T T 2004 4F - f Y 2%
AERTUIE R, AR UEAT — B R RER R IR R
PRI B AL A . T ST A . ik
ES K7 UL R VO i T VAL TR LR R R W = s |
HHL. Bag Ballon 11X SR FH 2% 2E 4 i 1 A BR AR
B, BRSNS SR AR L A

(2) " HEE RGBT H

Zero-G 74~ ) W 4 4 TCHL AT B TE & S T 2
Xombie f& NASA # MM Al & & & 4 T HPY, H
AAEEHEMEA . KB BAMMER . BT EA
25 [R]85 AV A . 38 AT DS 3%0A sk 3k o 1E 47 0
B s, A A A AT i T AL A B
T ke,

2013 4, NASA #EF: T 21 Ff 2k 76 o] &
SEEH T H BT T 100 2 A WITIRE,
& cube-sat FE AR FIAT BRI RAT: 55 1037 BUAL B 2 4
Ao H LS 14 FhoRT 8 4 5 A 4 CHLiE AT
RERM TR, 2 M mEEWHE T &8 %
S THEBEATIAES, 3 Fh gk 76 20km /9 & BBk B
HEATIR S, 1 P T 3 i 0 ) 4 AL RN I
A L T AT e, Ak 1 Rk far 40 )
P AT A K S TR B R AT R L



70 FAL AR A

2018 4 11 H

R, R T Raryi s 5dE .
2 X1THL£it% (FOP) 5 TRL i

20 e 90 AFAR. e [ R 1Y A 3 A MR
SNSRI POR G AN TR A ¥ i AN I - F 1
fetrfE M E = PR T O LR., & KR 6050
PriE B, — S8 SR 1 R A B — s 7R
A T REBE ] B Be g2 S 200t 5 i 3™ 5 [R) e pY
BRHEEY . 1999 4F, LEBHIFE LM T —h i
e 0 Fg i, I SE [ B R T NASA
AR #E 4 % TRL ( Technology Readiness
Levels) #F 4 #L %, 2005 4, & E 2 Xt
NASA # R R G R I kG [ JEA7 302, B 2K
R AR BB B A 3] TRLG 96070, ik, NASA
157 25 [ B BF 5T 5 8 B HLAY -5 () 3 R AT 55 R
STMD (Space Technology Mission Directorate)
LIIHE T — R A2, TR AR B i 42
FEAEE TAE.  “®ATHL &1 R” FOP (Flight
Opportunities Program)""™ 2 H 2z —, HAYZ
JR B N g e it TRLA ~ TRL7 2% 1Y 23 [8] BR 55 R 1)
J R AT

TRL

7
. ) 6
HARWERES TDM
NI R AR AR SST
5
®AHLE FO
AR CC
4
MU HL  GOD
I BT
sikgtmpr: SBIR/STIR %
TUbBIHTES CIF | | ’

ASMHAMEAN) - STRG 1-' ?
1

B 3 NASA TRL I&iE /948 &t
Fig. 3 NASA TRL ranges of program

(0 B 5

HI T RE 8 J O B — 2 @ B2, AT D805 2
B ER R & MAFTE R R, B, %%
BRI, R B AR SR PR A R TRLT % (R &%

JEAUAE R 28 B PR AR 56 TE) X K 48 PR 55 i 36 4%
PRIEER, B ki, mas Ak, ReFh EHLE
B AT T A FOP 3R v F 47 4% 25 357 780 2%
FLTRE = SNEd 1 BT o SN2 | R 5 3 NI I B e T
=87 = N I 7 12 i W O BT T N S S g
FOP W& T AHXT 2 i 4 3% R, a0 2018 4R =8
KT H A B A 5900 J7 €06, BRI H Y
LR N 3730 T EIT, REJUFBRFRE K.
F£ FOP 3R RF 28808 8 F . NASA FILHI 25 1)
B RAT S T HL AT T e A UK ) Bk 2 5 I A A i
B TAE, F 1N IT S KE TR 5
S SO0, B T NASA 25 8] Bl 2 B 5% 5 IF 5% 45
B, ROBES . BT R M EIE SR AE TR EALS, N
Jr SERR AR AR R TR S i A T AR

R1 NASARBANF RITES

Tab. 1 Recent NASA sounding rocket flight missions
1155 %4 PR P 1] KRS 55 HI
75 ] X G2 4
DXL 2018.1.10  Black Brant IX " mfﬁ%iﬂ
e by v 2 = AT
K 2020 TR
ASPIRE 2017.11.14 Black Brant IX )j_i » ﬁ}\ﬁ
Y A i
DEUCE 2017.10.30 Black Brant IX #7275 [a] B9 1% 2
X 58 25 ik LRI
FOXSI 2017.10.13 Black Brant IX At Ejﬂ%ﬁ(ﬁﬂj
K X
Terrier-Black B IF 57 5 7% S AR AR 455 1%

ASPIRE 2017.10.03

Brant IX R PR BT T A R

Black Brant IX
WINDY 2017.09.11 Terrier-Improved &2 KA sh i 58

Malemute

3 REZEERNYTREIENEZRREE

3.1 AREMSIK

FEM 20 28 50 FEARFF I IEFT K HF IR ZS HAR
MIBE5E . 90 A AR TF f i A7 1AL R [l 45 R 1 B
5, BRAS K. RERL IR B R AT
BAEARIE S B MR . &S AR M. #oeHK
B, Pk S K A R S R T O AR
. AR E T a8 8] 2R 5 I 5 S0 86 . T ) B
AR E SR AREMEAR. TR
PEEIRG AR AR, dEA 21 e ok, HhFAE
Smp i, ) A SRR AL T AL A I i AL
g —FhE R R R ATIR S T A,

Z 20 e R, REC K TiE 300 #4528
PRZS KB, 1958—1970 A4 R], o [ & 58 F A



E

235 ) S I R AT IR T A 5 R 71

WA K EEAWA R LR & sh il 4
PEEN T-7 RIVFNLLE A S B S )1 R E B HP
I, I K 08 0 T2 B T i R R R
R 2 S5 M R AE T SR T AR R B P B P K

Mk, 1988 4F 12 F . Rk Be 76 1 v 74 16 5
BT S — TR R R S K E R .
R G g A 1 BOLAS S AR G Y KT R S
Sz —, FAE, FEHES T 48 "B —5" k
s HEAT TARES ML IX ) R 28 R R M. 1991 4R,

TEMCES T 2 M “B e =57 a5 KEi. 50l i#tT
147km A1 127km LT 28 5l RASH I Ay 25 ) 3
PR, ARECT 5 SRR I RO s T T
B I EHM R, T 2011 4 5 ATEM A
BT BRI G KH— RR 2 KET, AR T
200km DL 28 3l 9 I 205 5 L IX A9 K AR H 25 2 4K
i, AR hEE RN EZEhrsh )
%tﬁ,%jﬂ%ﬁﬁﬂkMFﬂﬁ%%% ot

S5 M Y Py BT R BE T AL s 2013 4F AT 2016
E,f@%ﬁm#ﬁT%mf S KCHT RS AT
%, XMHEE, s BT, MG EmES
ST IR ALERI, BREC T 300km DATR i BE Y
23 [ B 2 40 A 1 58 — T BRI Bcdls . A ks
BE . MG, TR, RSN X STk, Bid
LZMH- Y E IR T &%, 2016 LK, B
%lmﬁﬁﬁ%mm@k%,ﬁﬂT~M%ﬁkm

ANE s R AT IR PR L T 2 M HL s
2018 4F 4 H AW KGR “Xh 2 —57 58235 KHi
5 HAEN St BT hr s 8 & Gy “E IR PITLZ A”
PR2S K. k9 B 43 i ik #) 108km Al 38. 7km,
HEAT T A GG AIE AN 2 (AR S5

HEER R, 3% BB B2 (8] i R AT il 5
THEL Y R SRR TN Rk IR 5 NASA A AT SR B
A2,
3.2 AERRE

AR, FRE A 23 ) RE A A2 ) R R
H — i 3 AR AT B A IR B, B B 4R I R AR R
NG5 EOR Bk, R B R, R
S BRI T S NN W RN S e ) TN
PR TARRAT 55 W0 B 2R Z . o 2R AT — Bei (A
fO 55 BRI SC B B R OOG . R 4BL 3R B3 B L 5 4 ) 3R
SR A5 AF R B9 AT LR R X X S8 I AL
AR TSGR AL 552 B 28 2R 4 AT 56 I A0 VAl 9 7 A%
o T 2 ) R P AT 3 3 T A Sy — Rl g PR R

M) RATIA R T B, e ISRk WiTRLE & L
T km SR, SRR R E E WAL KA. G
Y. mEHGEAER, wRRb b 1 ALK 5 v AE T
SO NI < v T 5 NI o T g 121 e o
AL SOOI . B 78 I 2 A 1 5 AR O T B R
SR K R T

R, F R A 25 Rl B2 SR & R R
GPHLIE, FECA B T Bk, 3R I R AR
KRG L, B RrgRe sl MR, &
J— s B Y s e A AT IR TR, AR
U ARG UE . BE 2200 . #F 50 F R A
FIBLZ: s PR B 7= RS 8 A A HE 5%

HART LR ILT & TF -

(D FrHEAR . Fibr kAR 5 PPk

25 () J i RAT IR T H A C AT R A R LA
km 2 ET km, BES 5 ik 35k 3K 10 R0 G Y HE
SRR T AT LA A O A K IR BH O 0 28 A Ak 28K
PRSI s MBS BT, N 12k AR R
PRI A R S AL R i Sk, AT R
EHRGA . BRIER I E | (5 R LS A R o B
F A CATIE SR, BEREAE M B E R . Hi kK
0 90 UE LA K A i R L N TRL6 4% 9% 5] TRL7
REZT-F . ] DAE Sy B 7= 08 8 78 R 25 18]

B 5T 1 AT - 5

(2) FFEHM

235 (] R AT IS T HAE48 O 1000km DL R &
FEMTE QAT M A < B m 2O R At 5 56
FH. A RHEUWM, ZSE A5G, MEiEsh, =
Vi) s 1 45 24 TR A 3550 Ay 1 6 B RN 5 5K, O Ll
TR AR, AR E & A T BRI A ) S Y 0
W, mHE., KHBEFBRESE, TERESTA
[ Rk 2 R 0 7 oK 1 23 ) e B AT IS T B, B
R, LR AT,

(3) FEFST A%

g LR EFmWER, B TREAERIET T
VER AR B SR TR R, A R0 15 & T e Kk AE 4
ACTRAS B 10 25, DT 52 e 48 B 1 R BORE R B 2 R
S0 1 o M N T S kL T DR s T R
1 T B 2 AT 1 A I A O A A AR AR
SRR B AR N 85 B, LA FE B RAT 1 1 2 AR 2
PR AR .t n] SR B2 ) 3 4 = g BA K AT
M, e & G 2 R el AT IR T H, #E1
. xR



72 FAL AR A

2018 4 11 H

(4 ZFMEE

FEARSR 2 m e, BHECEI AR T
R Z R AL, 38— SR B PR A S
FUH M FF, se 7B ALE O TAE ., 25 6] 4 B
AT T AT DL A A AR A8 e 4 I S Y S TR R
Il . HEh Q0 F B L . 1A R
BEdRS, RKWERBIFZEMNTUELSS
23 [ B RAT IR AT 55, 48 17 50 R 4 % R 52 B I3
HE BRI, A& AA .

(5) FRERITH B ik

25 [ A € AT RS T B i TR AR, DA
CIRCIR @RI NV (SR =R s 37 SIS W (17 21 ] AN
MRS, HEdRG ., Bk R, MR S % 1Y i
N BUETH,

(6) WA P 6 A H 45 #

TEREAR B F AR BB PEAG 4 ¢
SR PR TR S i B BRI AT R B R Y, AS [

F3 F4

WA

JE

80Kkm |» = = wfor = = -

35km r =

10km - =

JEEE AT IS T H AT DUE R B RS PEAG
FBe, B SA RS I H A R, itk TR AL 5
FAY LA S i
3.3 REERG

S5 43R E 25 a) R A AT T R R A
5 HATA Y8 R, SR A AL+ AR+ R
25 KA A R BN K Sy — RIS AT Y
T T S B 4 BE A S0 ER A 1 AT G X
FRATES M ERE & AT % T A, W’ 4 fr
R Y TRATEEEAE 10km LAR R, AR FHJE AMLE
J AT T, wEAE R KT, AT KA. 4
FERAT. PR RATSEZ R TR Y i B
#£ 35km DL BF, FE B R HAERE N CAT IR T
H, srEl B BRFI . SR 58 DL K R
HA MRS 2 AT R EAE 35km DL ERY, FEEE

KRS JOH 45 0 AT TR, S B2 6] 3 05 K
T ik 5

F3: 28 ki, ©ATE B =80km,
AN, RGN R

F4: R25KH;, “ATRE = 80km,
FIEh iR, BEE it

F5: B2 KEASER, ®AT
TR <80km, A5 A fik
AR

F2: AER, ®ATREIE <35km,
B, AR L K
TR SRk

oo F1e AN, ®ATEE
<10km, f¥E 75 0
TR

B4 =ERFHGTEN CITIKEHE
Fig. 4 Short Term Flight Plans of Space Science Payloads

i 3 JC AL A= BR RS KT 3 Bl 2 B R
AT T H A A K Tk, Al O A R
FEME L 2 1000km 525 (19 © AT L2 . AL
A LA BROR RS B R, T HL AT AR 55 Y
WA R, TRAT A AR A

4 Zig

2 B L N AT 8 T B AT PR 1 R
FRCR IR AL, TERIE L HA L WO B89 A B3 A

B MR R R R T E AR, Rk
PR AE AR A 3 1 A0 R AT 55 1 S ik A T R
Fe [ B A Ji s () J g AT e T B R SR A
5 H R 23 6] B 22 AE A PR & e ST e
G A 2 S HF il R BT B R 6 e A Al
Breafmil . AA R R ilRF 6. B 27eH
ROLRM AT B 7 . Bh o BUOR ™ L ORI 6
w5 A AR



&

235 ) S I R AT IR T A 5 R 73

(1]

(2]

[3]

L4]

[5]

L6]

£7]

[8]

(10]

[11]

[12]

[13]

[14]

S % ik

Marciniak B, Okninski A, Barkowiak B, et al. De-
velopment of the ILR-33 “Amber” sounding rocket
for microgravity experimentation [J] . Aerospace
Science and Technology, 2018 ( 73): 19-31.
Nowakowski P, Okninski A, Pakosz M, et al. De-
velopment of small solid rocket boosters for the ILR-
33 sounding rocket [J] . Acta Astronautica, 2017
(138): 374-383.

Okninski A. Multidisciplinary optimisation of single-
stage sounding rockets using solid propulsion [J] .
Aerospace Science and Technology, 2017 (71):
412-419.

RERr, WI3CH . MR RS DR — SR
57 1. PEREERBEBE T 2016, 31 (5): 574-580.
EATE . PEER B R S EREEEN [J] . b
23 ) B HOR L 1995, 15 (6): 1-8.

FAZE . BREEARAGR XGRS R [T] . T
28 i BE 2 AR 1990, 10 (6): 1-5.

Marconi E M. What is sounding rockets [EB/OL] .
[ 2018-01-20 ] . http: //www. nasa. gov/missions/
research/f _ sounding. html.

Center G S F. NASA sounding rocket science [ EB/OL].
[2018-01-20] . http: //rscience. gsfc. nasa. gov/key-
docs. html.

Pfaff R. Remarkable discoveries from NASA’s soun-

ding rocket program [ R] . Greenbelt: Goddard
Space Flight Center, 2013.
George C. Heliophysics studying the Earth-Sun

system [ R] . Huntsville: Marshall Space Flight
Center, 2014.

Sarah F. NASA sounding rocket instrument spots
signatures of long-sought small solar flares [ EB/
OLJ. [2017-10-20] . https: //www. nasa. gov/fea-
ture/goddard/2017/nasa-sounding-rocket-instrument-
spots-signatures-of-long-sought-small-solar-flares.
Keith K. ASPIRE successfully launches from NASA
Wallops [EB/OL] . [2017-10-20] . https: //www.
nasa. gov/wallops/2017/{eature/ aspire-successfully-lau-
nches-from-nasa-wallops.

Tran L. NASA-Funded CHESS mission will check out
the space between stars [ EB/OL] . [2017-9-20 ].
https://www. nasa. gov/feature/go-ddard/2017/nasa-
funded-chess-mission-will-check-out-the-space-betw-

een-stars.

Keith K. NASA mission to study atmospheric dis-

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

turbances from marshall islands [ EB/OL] . [2017-
9-20] . https: //www. nasa. gov/Wal-lops/2017/fe-
ature/nasa-mission-to-study-atmospheric-disturbances-
from-marshall-islands.

Agle D C. NASA’s Mars 2020 mission performs first su-
personic parachute test [ EB/OL] . [2017-10-08] .
https://www. nasa. gov/feature/jpl/nasas-mars-2020-
mission-performs-first-supersonic-parachute-test.

Pfaff R. Direct the cusp from
spitzbergen [R] . Greenbelt: Goddard Space Flight
Center, 2013.

Johnson G M. A light in the dark: NASA sounding
rocket probes the dark regions of space [EB/OL] .
[2018-1-20] .
ddard/2017/sounding-rocket-probes-the-dark-regions-

measurement in

https: //www. nasa. gov/feature/go-

of-space.

Koehler K. NASA Alaskan launched rockets to study
space X-ray emissions and create polar mesospheric
cloud [EB/OL] . [2018-2-10] . https: //www. na-
sa. gov/feature/goddard/2018/nasa-alaska-launched-
rockets-to-study-space-x-ray-emiss-ions-and-create-
polar-mesospheric.

Brodell C. Rocksat-X successfully
August [J] . Rocket Reports, 2017, 8 (3): 1-6.
Frazier S. NASA f{unded FOXSI to observe X-Rays {rom
sun [EB/OL] . [2018-02-10] . http: //www. nasa.

launched on

gov/content/goddard/nasa-funded-foxsi-to-observe-x-
rays-from-sun.

Cirtain ] W, Golub L. G, Winebarger A R, et. al. En-
ergy release in the solar corona from spatially resolved
magnetic braids [J] . Nature, 2013, 493 (7433):
501-503.

Tran L. NASA-Funded sounding rocket will take 1, 500
images of sun in 5 minutes [ EB/OL] . [2017-09-10].
https: //www. nasa. gov/feature/goddard/2017/nasa-
funded-sounding-rocket-will-take-1500-images-of-sun-in-
S-minutes.

Bryanti I. NASA 2015 strudent launch [R] . Green-
belt: Jacobs ESSSA Group, 2015.

Eggers J. RockSat-X
NASA Wallops [EB/OL] . [2017-09-107. http: //

successfully launches from
www. nasa. gov/content/rocksat-x.

Koehler K. NASA Wallops successful launch rocks with
student experiments [ EB/OL] . [2017-09-10]. ht-
tps: //www. nasa. gov/ Wallops/2017/feature/ nasa-wa-
llops-successful-launch-rocks-with-student-experiments.
Koehler K. College students sought for suborbital rocket

projects [EB/OL] . [2017-08-21] . https: //www.



74

FHLB A

2018 4 11 H

[27]

[28]

[29]

[30]

[31]

[32]

[33]

nasa. gov/feature/ wallops/2017/nasa-opens-opportu-
nities-to-college-students-for-suborbital-rocket-pro-
jects.

Koehler K. Students testing technology and science
investigation skills at NASA Wallops with rocket
launch August 16 [EB/OL] . [2017-10-08] . ht-
tps: //www. nasa. gov/feature/students-tes-ting-te-
chnology-and-science-investigation-skills-at-nasa-wallops-
with-rocket.

Koehler K. Students and educators develop their rocket
skills at NASA Wallops [EB/OL] . [2017-10-08] . ht-
tps: //www. nasa. gov/feature/ students-and-educators-
develop-their-rocket-skills-at-nasa-wallops.

Brain D. Super pressure balloon [J] . Island Access,
2015 (4): 4-7.

Eggers J. NASA’s balloon program returns to Wanaka,
New Zealand [ EB/OL] . [2017-10-08] . https: //
www. nasa. gov/ feature/ wallops/2017/nasas-balloon-
program-returns-to-wanaka-new-zealand.

Fox K C. Twenty NASA balloons studying the radiation
belts [EB/OL] . [2017-09-08] . https: //www. na-
sa. gov/ mission _ pages/rbsp/barrel/20-balloons. html.
Seo E S. Cosmic ray encrgetics and mass for the In-
ternational Space Station [ EB/OL] [2018-01-08] .
https: //www. nasa. gov/mission _ pages/station/re-
search/experiments/1114. html.

Mcelvery R. NASA'’s scientific balloon program rea-
ches new heights [EB/OL] . [2017-10-08] . ht-

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

tps: //www. nasa. gov/scientificballoons.

Ashford D. An aviation approach to space transportation
[J]. The Aeronautical Journal, 2009 (113): 499-514.
55, ERA, EEE, F . REREARMAEE
WHREDE S (1] . BHORAE BWESE. 2016, 36 (10):
25-29.

Gao. Best practices: Better management of tech-nology
development can improve weapon system outcomes [ R].
Washington: United States Govern-ment Accountability
Office, 1999.

Gao. Assessments of selected major weapon programs
report to congressional committees [R] . Washington:
United States Government Accountability Office. 2005.
ik, EEA, BT HARRBEITMN T RER
(] . Bb2edes, 2012 (11D 85-94.

Jonc C M. Technology readiness levels [R] . Green-
belt: Goddard Space Flight Center, 1995.

George C. Technology demonstration missions brid-
ging the technology gap [R] . Huntsville: Marshall
Space Flight Center, 2012.

Kubendran L. Flight opportunities program [R] .
Cleveland Ohio: Goddard Space Flight Center, 2012.
Ord S. NASA Flight Opportunities Program [R] .
Cleveland Ohio: NASA’s Goddard Space Flight Cen-
ter, 2016.

Young R. Flight tests in late 2016 helped mature
technologies for future NASA missions [ J] . Flight
opportunities, 2017 (4). 1-6.

LA AW, W, RES. = EEN TR T RM NS R FARKE A, 2018, 2 (6): 66-74.
Citation: Yao X J, Gao X, Chen Z M. Application and prospect of short term flight testing tools [J]. Astronautical Systems

Engineering Technology, 2018, 2 (6): 66-74.



