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Table 1 Wing load of several solar powered UAV
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Fig.1 Typical flight profile of solar-powered UAV

(6) fl R &7 i

TR HRETERE MPUE FasdT, Ri— BT R AURE
WU SRS e A THE P RE B 2 A DX 1 23 AU R B
T NHLEE AN 52 DI I A e 17 252 DR 2% Ay BR A
B AT LUE K, B8 E XA I T A T 55, il
TAE S AN K 15 DR e A5 9 4%, BRTE R b 2s AT
WA AT 55

(7) LR IR

R PHBE A AT 22 i 3 i RE TR, ICZ AR T Z AN
35, T HRPHEE AN AT AN THARRRL , B0l R
TG, T EMRRF R 5, 75k A28 R e
Jrlil.

3 SLNTERIFAIbEL
FRUAE 877 K ARG A P B AL B 2 At 40 1
& () H AR Ik R SEBL T R A, R R T

23 AT R PH B TC AL RIF 2 5 K BH R F b 35 P )
Pt R PR 55 AR RN
HiliE B RGN RE TR RS LR RG ARE
CEATE ARG RBEIE N A R AT 55 3 Ao 5 240
I, SR A S A ERE K, TG T T ) AR R
3.1 KPHBEYSIRERthiEHasyER

K PHREIGAR B b i PR RE , JEHUR 0% I ke K fH
RETC AMLPERE R P PR R 22—, K BHBEGAR H it 4 i
TRA A (AN [ 43 A 2k A B B FL St Ak B 42 K FH B F St A A
HURPARE L . 55 [ [ 58 0] FEAE AR IR S0 = S R 2 45
A ] 288 7 K BH B F b e 408 3 i AR 145 D R A el 2 Jie
N, AT RUE T 20 452 K BH BB HL Tt 1 3R P42 T

Tk A BH A FiL v 2 N B 22 1 R PHRE HL Tt , A5 5
AnfiE 2 ARk A AR RE R AE . PR AR AR B AR L Y M B AR
S, HRTAE AL A 77 0 R il o T 80 K 16% ~ 18%.
22 i e 1) 2 408803 E PR R HL T RIS, T 3K 15% ~ 17%
A b ik A PH R FE B RO AR , FUASEAE A= 7™ 14 5 PR Tt e 4
REAE 5% ~ 8%

b5 WK FHAE L 248 DAL & 01 SRR R B i K
PHAEEFLT, E2A BB Z MG RBHRER M . 51k
AR B H 3 =5 AT B A AR B RE L T, B SR i
L 30%, (A AE B Bt . 2 S A K BHRE FL Tt i S AR
2, i FH 1) 5 A Tl A A A BH A F 3 ] 5 507G K BH R
HL LA o il T A B il R Tt A 3053 L B 4 16% , 44
BT K B R F Tt 1) S 360 28 A0 LU 20%

A MUK BHBE L A 15 A AL A R Ak fk 22 KFH
AEFLIh . A ML AR 0% O BH B FEL Tt AR IR, (H
R AR RCRAL, R T 25 IR A SEBRN F o Yebtft
FOK FRRE I [ TR B

T 2SR K BH AETC ABLAT A BH AE G IR Ha vl il R R
U2 i G AR AOR R ZER it oA R A B , i
S E RN TR T N S s = il R T S i
Ja ANFE AL 1SS RE , K PHBE Lt A (CZEARIE 5 /AL
5 Y | I H B GUIEENLEZ 1) A 5 558 B
JUT LA K BH B FL Tt 1 D Pt DG 2L
3.2 BEHtgEEEE

i BE HEL L 11 1 i 52 M K B BB TG AL AR AT 1 5 — A
PUEMERER . T KBIRETC ML ) ©A RIS R4 T
VETR 4 20 fih Bl HL T ) BB 1 2 P S — L DUORAB SR (1 E AR

FEIRE I R 2R 24 LMERB A TRk, W3R
2,0 H AT E K FHAE CAIL_E 0 FH S G = R . AR



SRR 2 A KDL R REJE A BLI) B A Bk ik

17

52
SeEeith (208, BH) BEBA Sharp
LM=SHEmE O WEEE (k) Bosing- O, )
8- MV-ZH ® BB Spectroab ol
IMM=RRIZEH o ik Bl Juncion e
v S () b [ (LM.364)  spie (M, 942¢) ISE/ Soitec 46.0% o]
42 (5 SitIERE (1RE) Spectrolab | Fraunhofer ISE "\, Semiconductor Ef NREL
A4 Y 3% (FEmk) FOER (MM, 299x) | (MM, 454x) X "\ (MM, 406x) LB 44.4%04
- (B .
i 28 (B ) O FeplffLaits Boeing-Spectrolab  Boeing-Spectrolab N\ "\, 37 sotec NREL
245 (FEBRYG) O $BHRE N (FIEE) (MM, 179x) (MM, 240x) ~ 3 (4, 327%)
B Jams (k) o B (e F— I g
0 O e e Gileit (&) NREL (V) NREL - Solar o
4EES (JERK) A SR NREL " (MM,3257x) Juncion Spectolab (5-)) 38.8%m|
BACERMEER & TSR EY) = _Boeing- (LM, 418%) o gy Sharp (IMM) 37.9% ) 4
Wl A oy O BEAE (&) sere ¥ Spectoleb  gary (M) ..o+ N NREL (38.1%)
F oA Bk 100y Boeing- L e Shap(MM)  FhodsE R 35.5%
V B wrey PR spectoip (1l
iionny oy S0 Spectolab |, .eev " TIREL (17) - NREL (1)) L6 Eletorics @y
327 o mE (%%) Varian NREL  Enorgy . TESUPM (1026x) FhGISE (117%) NREL_ 2 ae'”
B g () NREL T e ————————— ekl LG Electronics
o\o o I= @16 T AemmmE e ———— Radboud U AltaDevices Alta Devices
RN 25 aran \ Vel w2 A 200009 7 EhGuisE AA /57 SunPower (large-area) X P 29:3% N
3 opl- SERE&(HT AT o \\@2) Panasoni |LG\Ekeclronics ALG Flectoricap bt X
= BREE i pemmmm ot e oA e e e mmm e mm = m s o mmm T T IIEE s “A-=r=" el | Kaneka N 27.6%|[<)
B (1400 i PN At m m o = == == = = = T Radboud U FhG.ISE_Ala Devices /oo FraunoferISE ¥RE @
ul __\/_arl_ EL(a 7 lexel _ZSW Solar Frontier ;;:"/o ;
________ 7x) 7 250, 3%,
B e FhG-SE Sanyo REL(15.4 y ar L3N RICT STREN O
(TJ. Watson A= ===~ UNW UNSW/  NREL Sanyo . SUVo e === g mF;&(-F\expu\y)NRELZ%‘ o, IFraunholer|SE YA
Research Center) UNSW [\ Georgia  Eurosolare (14 o= mme = = W - 9 Fraunhofer-ISE 73
20 ARCO Georgia G%gg‘\a Tech NREL 1S KRIGT | | First Solar v
Westing- Tech NREL NREL ~ NREL NREL 3 . PFL
house NREL NREL NREL U, Stuttgart_Eraunhofer o ) SST‘IB'FO L_Trina Solar
O 7 Tretsoa> / olar Frontier
16 O GE Global Solarf.| GE Global Research
No. Caroina g1 Florda NRELY . suttgart Mitsubishi —Reqgarch KRICT, o1 AIST
Mobil State U. gojarex 5 . United Solar Chem. | & glectronics ERFL AST NREL RSO
Solar o= NREL EUOCIS  riteq Solar United Solar (aSieSicS]) . 5 Shiap »IBM Hong Kong ek
12 b Boeing Sharp, UL Ll ST Toronto S
Photon Energy > EPFL, o 511151y 2& UCLA-Sumitomo e 2
Matusha 7/ EPFL Komaria P UToronto
8 United Solar EL Kot So\an:er, MIT U, Toronto
/ Konarka onarl /
Uof Maine e EPFL Groningen U. Linz / i
\ foronto £
4 \ (PbS-QD) &
U.Linz o Semens U. Dresden | NREL
- (ZnO/PbS-QD) -
0 | 1 I IS TN N N SN (N Y IR N NN N T Y AN Y N NN N Y N NN (NN FNNNNY SNNN NN NN N N | 3
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
2 HIREMBEHARERE
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Technology Challenges for High Altitude Long Endurance Solar Powered UAV

Zhang Jian*, Wang Jiangsan, Geng Yansheng, Guo Runzhao

AVIC The First Aircraft Institute, Xi’an 710089, China

Abstract: HALE solar powered UAV is different from other air vehicles in basic working principle, mission and
operational environment. It has many advantages such as high altitude, long endurance, large size, low wing load,
compact flight profile, and environment-friendliness, etc. HALE solar powered UAV may be used to execute
surveillance and reconnaissance, the atmospheric science researches and telecommunication relay missions.
Combined with the development of a certain solar powered aircraft, the technology challenges are analyzed in detail
in terms of efficiency of solar cell, property of battery, multi-disciplinary optimization design, low Reynolds number
aerodynamic design and test, light composite material structure design and fabrication, nonlinear aero-elastic analysis
of flexible wing with high aspect ratio, propulsive efficiency improvement, flight control system design of solar powered
UAV with large flexible wing and near-space environmental suitability.

Key Words: near-space air vehicle; HALE solar powered UAV; solar cell; battery; key technology; technology
challenges
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