L 2% Bl 1R

Aeronautical Science & Technology

I3 AT N RPNt e

0§

Sl Je , A4S 2N, Rk, AHAT

FEBLETEsERE, BB 100012

W B EHIEAAHEAMKEEZREARBRARALTANNEEZERRE, AR HFAARATANNFHLEAEENSEN
e AXELEMENIEFELHEAMAESATRARE, £ERAKTFETAEEFA W LA KL, BANLS
FUERT ZNEEEAAIMEAMKERE, LHEAACMEAKE N EF LR T AL AL EN T AM
EH Lt AZRMIE, MERETEHZEAAWILEA LRSS P EERE T HERA AEHE B REHE A
ZAABFRE CARRELS TR EHA, RENREARNEEEAAMAEAMNKEL PO RENE KEEX R

Aug. 25 2023 Vol. 34 No.08 11-17

B A e Ao Bk 5 J7 T AR AR R L

KA LA KRB EAN; RAMN; T A B Be R el

REDHES V221 SCERRIRES A

il AR A TENA B REAL I SR XA
HLEEA T AL L R AR AT 2 FRIRAE ML 20 fit20
SOARAIT IR T 8 AT N RHLIE A i TR R T R
4t HL 58 & R ERBUE , 2E s RGUTT R AVET CHLAH 110
e b A T A . FBE AR TR THT 6 5T 7K
HLIE AL B4 RO LA 5 4585 T RBLIE AR iy
eI L ARG FE ST [ P J AR A ML 25 H

A= [ RE BT N RHLIE A e AR DG AR T
TREBITL . 20024F , PRIUE P AU L RBLEA
el AT L. 2006 47, T P BORIR B KAL
TN g 2 RSP TN 2014 4F, f R A EE
I RIE AL LA JC AL TS T . 2017 4R, T PR AE!
X3 LI A A 1 5 A VAT T 50T 2021 45, 4
A AR A0 BT A A B AL ) BT T
MR T A BRI A3 CHLIC A AL ) 3l )
AT TR R AR A TR TR BRI R G
A NHEGE ICAHL Tr k. SRR TT T 576
P ABLR G K S HLR AR GEHAR o 3L 20 4 [ Py
FH BTN AW RIS G Ak SEAL Sl
RATEER RS ) R G, A NI R TG A i B

DOI.10.19452/j.issn1007-5453.2023.08.002

T RIFRIBORIER o

ASCE R E AN E TS [ E FA A HLC Ak
SRV SRS W B IS P W T SR L RIS i
FOAR I X [ R A [T 3 RHLIC AL T AR
R

1 BACBUIERIAERAT =

17 A ML A A B AL
PRAE RSN IR T B LS s
B, A O ATRE IO R
FAT LB LA WU (RS RS R T T B
HOREREIE J1 i RS 44 B S S RERO(E 55 R A, KRR
JELAR 55 0 1H], S fR A 2 1S HLCROT & Bk B
5, TP TR e A AT

A AT XL A A T2 B BT
GO, TR A AT A KM A it AT LR A3
A IAT (AT N LA T I A A , T LA I A
AR AT A TCHL, R ARG R R R 2
TE M R T FF R 8 A LI Ao o

URFSEHE: 2023-04-25; RIEEHE: 2023-06-10; RFEBHA: 2023-07-13

SIFE# =z : Zhou Long, Zhao Linggong, Wang Ganglin, et al. Research on progress of manned fixed-wing aircraft modification to UAVs[J].
Aeronautical Science & Technology, 2023,34(08):11-17. B, ;X2\, T8I, % . BIEE BN KT LKEHRBHF[J] iz
RIEHE K, 2023,34(08) :11-17.



12 LR LSS ¥ S

Aug. 25 2023 Vol. 34 No.08

PAPREE AT R I ICANL, AT AT AT AL KU , 721t
AR LURBI AR89, B3R A4, AR R RLICABILEY)
ATF i 05 FH 85 i

AN RHLHGE TE AL R -5 i JC AL AR, T
N RS A0 - TH A A RHLCAEEGE , s
FE I HEIR A N RHLIRAE , 2R 5 AR FH DG I B AR b
AT RGTict Kk , e n s UK B KA . RE A A
ML A TR O b A N RHLEEEA A R
FrRET B[R] AT BRI S RHLA sl — s PR B s
AN I BIINE G5 3 ) R GE, AT LU
MORIEA RHLAY TP PERE A [RII , RA ARHL ®AT Bl
R BRG] , 7E 5 RAT R N AT S P RE

2 TANEBUERIA B R IRIR

fiil o A N RBLIE ARG R 1 20 228 50 454X, b5
5 I FTRIGR Bl SR Kt i) o e 38 LI A Al o 4
ReFasp AL, A N CHLE AR T REA R,
HEA 21 2R LK, A BT ALk AR T A L%
A SRR TC TSN TEATEL TE S FHLURITC AR
S, 2B HR5E T E A N BT AR SGE (AT E
T T T HGE B BN A
2.1 ESMRRDE

5 [T 20 tiE 22 50 AR AR TR I KA N AL F6F-3/5
e R TE A BEHL T A SR ALATE AL, I 68
A T, 20 T 22 70 4RAR, 36 R A5G 5 T-33
F-9F il F-86 sk it JC A AEALFMBAR B , 725508 S
RURNRAT LN i R4 T BB . 2 EZS 42N 70 4R A
FEU K F-102 . F-100 £ F-106 #i i o A SEAL, A 2 [F %
Bli%s RGEMIIE R R F-15 RSF T8 i 2ee T B 220k

1997 4, F-4 J 1 R4 Do NEEHLHT Y GE X 4, e Ak
o A 5 QF -4 (WL 1) FZLFH FRamilisk A7 s
S FE A b T BB AR SRR S e )
505 AT T M AR 4 L FE R I 2S AE R
ARG AT A T AL

FRIRAE 20 20 SOAEARTF 4R T e A AN HLTE AL
B ) TAE, S5 B -4 RN R =16 Jo A e a4 R ST
HL, FHT S 30 3= sl s e peiili s 20 142 50—60 4
ARA7 , IR 28 e 72 ~25 Bl 6 A AR A 4 ROST#EHL,
TR HURN 28 25 S A B R AR T 28 sk 20 tiE
22 70 4EAR, L-29 Z LT A0 4 RO SR M-29,
g 2 fr s o

Bl QF-44RSHEHL
Fig.1 QF-4 full-scale aerial target

K2 M-294-HHEHL
Fig.2 M-29 full-scale aerial target
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K3 QF-164RFHEML
Fig.3 QF-16 full-scale aerial target
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Fig.4 Y-5B unmanned aircraft
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Table 1 Y-5B aircraft parameters
ZH Hife
FR/Mm 18.176
K% /m 12.688
P /m 5.35
IR T B (T RE ) kg 5250
R kg 1500
ST /m 4500
F ROF G/ (km/h) 256
A/ (km/h) 160
i /h 6
fif/km 845
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Fig.5 CU42 unmanned aircraft system

CU42 Te AL R — T4 KB 23 KMt T A T4AIL , et
T e B KR G BT IR 2t, RT BT S50kg M3k M RELE K AT
24h, FEMERESHOLE 2,

MO SE R , 7T RUEE CU42 TC MLk HLIE S50 B
BERLZSHANL JEHOTE B SAR Bk 1S th 4kl ST 55 A
Xt AT A DX SR ST it 5 A5 O e ml el A R 5 R
WA, HArCu42 L AMLE S b T 2R s & 1)
H TR0 .

2.2.3 FBL—5 e Akl

T —5 A TC A s OB N A 2 Tl B2 g RNV T
P ELTHHLA Al A VE S B AL R RN {52 1230-D, 6
MALECES 5 AN 6 B, - F 20204 6 A 8 K. A
PRk J5 RS — 5 FEPERES LR 3, H T F 0T



14 LIRAEE L P N

Aug. 25 2023 Vol. 34 No.08

|2 CULTARZESH

Table 2 CU42 unmanned aircraft system parameters

2R Hfe
HJE/m 13.42
KJE/m 8.56
i /m 2.49
IR R E R /kg AS/NF2000
KRR kg AT 650 (BRI
FHB/m A/NF 8000
PR/ (km/h) 150 ~360
. 10 (i)
RS /h 24 (M)
R 2400 (FRHER)
BRI 4800 ()
A KGR /m K F 800
T S /m AKTF 600

Ko Afi—a oAz

Fig.6  ZhengHang-I unmanned aircraft
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Table 3 ZhengHang-| aircraft parameters

2R Hfe
HUAE B /m 2.49
HJ®/m 13.42
ML /m 8.56
N G R 1Y) <4 A/NF2000
R kg A/NF 650 (ki)
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Table 4 Y12 transport plane parameters

SR HufH
HJE/m 17.235
HLK/m 14.86

MBI F/m? 3427
25 Hi/kg 2840
KR #/kg 1700
AT B/ (km/h) 292
SEHITHHR/m 7000
i /km 1340
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Fig.7 Y12F transport plane

3 BALBUIERBRA

W E AN WL A e — A AR TR . TR
AN CHLUICAACHBGE I, 15 55 20 BLA R A TR REAIE
55 VEREVEA T PEARPIAG 20 M , o HOC ARG I (9 ik 5 7
MR I 74 20 RGNy St AT &8t Bk
Aii Jey it VER AL B A s e AR R TR AN A i T
VB, FEEW LT SRR

(1) Atk B AT

WNAGINLESS F AR IR WL il IR TN L] I N
PEHL IC ML AE Z R 55 2T, BRI 55 T s ZE A HR
FEPR 22 ORI A PR S G B RS A B
HEBUAT CHLROBLIARZE K AT 55 3 Pl R S8 3 ) Rt

I8 5 AN R BT S B X A2 20 AR
PLI R E AT 55, 45 A N CHLBOE e AL 2R L



VA 2 WERAT N L AMEBGEE ERE5E

15

A BRI, T B e R IC AHLAIAE 55 7€ 067 , BT Y
A 55 SR R0 TC A HLAY s 7 2848 Hh e Ay St
PRI BB ARAR R BOR 0 77 Sk A St A A e
5.

(2) TEAMLERESRTT

AN YL BN 2575 [ 3 A T 5L MIR 19 A PR
PRANETIE L, RATPERE BT 32 511 22 D 2 A BRI, XfE LU A%
RHUAS R KRIITERE . A N LGS STC AL, 7T IR
PEAT 555K, e O BRI A5 5 2, SRR
PR, PR AT ARG AL B PERE , SE BN R )
I H o

AR A N RHLE) RBLBCH ORI TR A, B i
SN G H R AR AT R s 85 T R B SRR BLA
AR B RATABR , 45 5B LA 5 - T B /AT
il 7 G AU RS 7 5, 7 RAT I B s e e 1
LY A B

(3) "WHLARNGE

RHUA A AR R R G R R GE R S
ARG ARG A R R S A o

B RGEHGE TR A N B /AT 5 IR
PLERIN R ML RO A T B sl R B . R R G — B
i B ) AR G LAE FC I AL P AR G R R v i
FRGEPR IHUERAN U UC A shizl . RSl R gk
I H R TP R R S AT A Sk . BeAh 8w
X2 B B MG ) T AR A R A T I B, AR BRI
SR A ORI RE GE AR A

TR Z T, 75 E AR I RHLBE 7 58, X & Mg ik B2 A1
MR BEA 3005 L, BRAIE A 47 581 R TE AHLE A5 F
TEXS QHUAAR G R, BT LT S i G of K Syt
PEAT RISl , X UG P A TR A AR s A 7 o B2
FIRIE A, S i X LB A ME Rk sl A Seesd
PETET 195 B A T HIAL TR S

(4) “ATHER R G E

It 5 3 AN CHLIC A X RA T i R G B0 £
TECHLES R UL ®AT | [ Shle e R sh P kil
Wi 5 A AL 55 AT AR . B BRI R AT REAM TR B A
ARG LT, LR DAL AR S A AT IR R 1L
A AR PR BHE B AT RGBT . RJE R /AT
et AN RHLSGE BTC AL ) A s SR i
M PEAR ST, I R AR A A5 i PR e
HerRE ST o X T R Ll ) BRI s e R TCAPLR

w5 RS A Bl A SIALAR S P RIS 11 5540 Bl 23
fi42 il

S R RATHE R R GRS E M B EOR [ ERAT KL
T AL ZPRIEAL R R Pl A TG S5 TR
TR eAh, R PRUESS SR AT, TR R DA
AR5 oK, AT RGBT Sad e vh 7 S OR B AR G
IREAR I KAz .

(5) RGBS ks

1] 7 AN HILIC A A i 6 T 1 R4 BTG e
PEFIE AL Bk Y IO, B R AT I g XU . BRI AL 1
ZGUEE IR 1A R L R R H A AT
FMAEEZ IR

TN SE R , 73 RGBT F IR IR, PRAIE
FHORGH S TAEIER G, T LRGeS B, w246
o> RS Z A AP TARN OO TR R BT 20K . il #
AR EA 7 1A B, i — 2P B R S AL i A AR
SETERI > ZRGEIA TAEE DL . RIS e AL H.
FHEAR A EATRES , BT HAESE B N KL A
PLEEE AL o B RIS QA R R A T B e 4% Bt o
LA WL BTA SR fR)m BRSO AR A
BLAY HARRLIZ 5, BOUT AR H AT HIE, LA TG
AMLRET LU Bt AR, il B H AR S Rl
TN ) o

4 BRESREE

I o0 I s 3AT N KALIE ARG T A IEAE QN Az
Mo R, i A I E A R A A — 2 Y
PEJRE  AHAE RS G PO BOAR AR 5 T [ SMT S A —
REZE o AT XE FE P BN THLIC A i AR OR K
J BT LAT R B

(1) P 10 BB CHLIA

I AT A I AT N R A s B X R R 22 i
UKL IH AL, AR T —E MEOR B 25, (H 2B
BECHTE NN 5 DB . RS TN AL EH
B3, AR A D E TR BAB LI AL BGE IR, 9k
HRTELBE RHLI I 5 . o xR n] LA S BRAE A £k -
Bl IsHL SRAEHLAF AT BE— 2 i, ATl 2R JC A AR A
EN it

(2) B i B A A /TN 2 B

IS E S S L W Sk LN AR EPEYN (o o L
VS EINT S e A SN NN DA LR S it



16 LIRAEE L P N

Aug. 25 2023 Vol. 34 No.08

A AL E . O TR R IR C R KA, TR
AT RETR I A A TR o IR 2 KL BET LA
UEEPNAIE S =3e =Lk WAk | Way 32N f e

(3) T A kit CALH A

WA R AT AL AT AL ZE T AL 2, A
PFLUEAACI TR Z 38 0 . BEAE st iR A, AL
R — 28 BN AL 22 0 7 J5 TR, AN A A | H 3 227
SRAREZ T, AT LASE SR B R B — el Z
Yyt , AT T NACHE , 398 Jo AL LI T S5

(4) TTAEHE -5 N TR REBAME &

AT BERORTEY T R C AR R T, 7] LUK
EFRAN WU AMEEOE 5 N TR GRS & . B
N T RER B RHLE R BORE, A2 0 AL s A1 BE
AE 28 HUR IR 0N T A\ Ak it Hh A ) i, AL T
FEAERY T it Bl 2 4 RURSY , BB i i i B LA S R I
ARARTHICE AR . A N B AL S 5 AT A
AN TR BEBARAR TN, 153 T8 A thids i) KRBT
IS SIS AT SR [ AST]|

SE W

(1] ARSI, IO, SREAR45 . BN R GR R HITFE[C].2014
TN P ETEAPLR 2, 2014,

Fu Songhai, He Mingqing, Wu Baolin, et al. Research on the
development trend of target aircraft system[C]. 2014 (5th)
China UAV Conference, 2014. (in Chinese)

(2] BROUE ARSI AMUBEEDIE[C). A 2 2 LIRS

W22 B T AR AL 22, 2002:33-41.
Chen Hanchang. Concept research of combat UAV [C]. The
Fifth Academic Exchange Meeting of Aircraft General
Professional Committee of the Chinese Society of Aeronautics
and Astronautics, 2002:33-41. (in Chinese)

(3] Th%. &RSFIAPLR e S R[], JEAML, 2006(1):3.
Ding Lijun. Modification and use of full-size UAV[J]. UAV,
2006(1):3. (in Chinese)

(4] M, 20, KR . i P ZS CALC L T ABL[C).2014 4
CR M) EIEARLRZ: 2014,

Jiao Yukun, Li Bo, Zhao Changhui. General aviation aircraft
modification UAV [C]. 2014(5th) China UAV Conference,
2014. (in Chinese)

(5] Ehpomk, B dl AL T AL 2 A 4 BTt 5 [C

2017 AR =) P AT BR2E R K 25,2017,

Ma Qinglin, Yan Fei. Safety analysis of general aircraft
modified UAV [C]. 2017 (3rd) China Aviation Science and
Technology Conference, 2017. (in Chinese)

L6 Mk, thpopk. 3 CHL B TE AL ZR G 1 & o 2 Befi

WFFE[I]. Az Bl2E AR, 2021, 32(10):49-54.
Liu Yongbo, Ma Qinglin. Basic research on airworthiness
certification of UAV system for general aircraft modification
[J]. Aeronautical Science and Technology, 2021, 32(10): 49-54.
(in Chinese)

(7] #RWAEEE ENLENS TR R GIR[I] I B2 HOR,
2021, 32(10):9.

Xu Ming, Gong Qi. Review on airworthiness and safety
Development of military aircraft [J]. Aeronautical Science and
Technology, 2021, 32(10):9. (in Chinese)

[8] EWEH AR, 5 K, 55 @A WHL Gtz TANL L&

WATB[I]. ®AT /2%, 2021, 39(5): 19-23.
Wang Xiaolu, Li Zhuoyuan, Dong Yufei, et al. Comments on
aerodynamic modification design of cargo UAV based on
general aviation airplane[J]. Flight Dynamics, 2021, 39(5): 19-
23. (in Chinese)

(9] W5Emg, BB, AL, 45 . 6T ISR R G veReny I 2
FLRAT AHLCTIC AHLR) s CN110510144A[P].2021-07-13.
Zeng Guannan, Zhao Dalin, Zhou Liyang, et al. Method for
Modification of Fixed Airfoil Man-Aircraft UAV Based on
Aileon Manipulation System: CN110510144A[P]. 2021-07-13.
(in Chinese)

[10] FRELHH, 9hik, WSO, 55 . 18 SB L AN RGN K SR

F455: CN112407301A[P]. 2021-02-26.

Lei Liming, Guo Hongxuan, Dong Weibin, et al. Engine con-

trol system for the Yun 5B unmanned aerial system:

CN112407301A[P].2021-02-26. (in Chinese)

FESPE B K SRR IE 42 BRI R IR sl (1) [9]. £= 48 1R, 2008

(6):62-64.

—
—_
—_

[—

Du Pingyang. The development history of remote control target
machine in the Soviet Union(Part I) [J]. Weapons Knowledge,
2008(6): 62-64. (in Chinese)

[12] FEPE Bk CE RGBS BRI A S 52 () [J]. S5 48 4117,2008
(7):56-57.
Du Pingyang. The development history of remote control target

machine in the Soviet Union (Part II) [J]. Weapons Knowledge,



VA 2 WERAT N L AMEBGEE ERE5E 17

2008(7): 56-57. (in Chinese) Wang Jun. Research on the application of a new generation of
[13] Broadbent M. QF-16 Flies Unmanned[J]. Air International, information technology to promote ecological protection and
2013, 85(5):8. high-quality development of the yellow river basin[J]. Yellow
[14] Kovalev 1V, Voroshilova A A, Karaseva M V. On the problem River,2021,43(3):6-10. (in Chinese)
of the manned aircraft modification to UAVs[J]. Journal of [16] H5E iz 12 B K 40 4 & 1) t 5% A [ L[], BRER ®AT,
Physics: Conference Series, 2019, 1399(5): 055100. 2022(8):6.
[15] FZ B — A5 B B SE 2T i AR A (R e B ik Guo Qiang. Chinese civil aircraft in the 40-year first flight of
N FARFSE[T]. A RG#RT,2021,43(3):6-10. the Y12[J]. World Flight, 2022(8):6. (in Chinese)

Research on Progress of Manned Fixed-wing Aircraft Modification to UAVs

Zhou Long, Zhao Linggong, Wang Ganglin, Xiang Qian
Chinese Aeronautical Establishment, Beijing 100012, China

Abstract: Unmanned modification of manned fixed-wing aircraft is an important way to quickly acquire large UAVs,
and has important reference value for the research and development of new large UAVs. First of all, the unmanned
projects that have been carried out at home and abroad are systematically sorted out. The United States and the
Soviet Union have carried out a large number of unmanned military aircraft transformation work, and China has also
completed a number of unmanned transformation projects for manned fixed-wing aircraft in the past five years. The
unmanned manned aircraft can be modified into full-size aerial unmanned target aircraft, unmanned attack aircraft,
unmanned reconnaissance aircraft and unmanned transport aircraft. Then, it summarizes several key technologies in
the process of unmanned modification of manned fixed-wing aircraft, such as overall design, performance
improvement, body transformation, flight control system transformation, joint whole system test and flight test. Finally,
some suggestions are put forward on the object, mode, use and intelligent modification of unmanned madification of
manned fixed wing aircraft in our country.

Key Words: UAV; large UAVs; trend of unmanned; unmanned modification of aircraft; fixed-wing aircraft modification
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