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(a) 7 (038 s R0 55 8 A5 SRR B BORTRAR - IR EERAE R
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Type: maximum combined stress-top/bottom
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Sf(a.p)

Maximum combined stress
Type: maximum combined stess
Unit: Pa
Time: 1
9.9092 x 18: Maximum stress

(b)
E8. (a) KPLAEHFKAFTEANEHMMETE ZE; (b) /K LIEFA TSN =K.

Type: maximum combined stress

Unit: Pa Unit: Pa

Time: 1 Time: 1
8.0035x% 107 Maximum stress ; = 5.771x107 Maximum stress
B a28 % 10° Maximum stress =39.1 MPal 50816 % 107
5.8524 %107 4.4123x 10"
4.77’69*‘1077 3.733x 107
3 aosa 107 3.0636x 107
1.5502 % 107 2.3743x 10
4.7466 % 108 1.695% 107
—B6.0089 x 10°¢ 1.0156 % 107
—1.6764x 10" Minimal stress 3.363x 108

[Maximum stress =80.0 MPal

—3.4303x10° Minimal stress g

(a)
BE9. (a) BRI TIEL&M TGN ZE (BiRHHE=58); (b) MRl TIE&M FBANEEHMN &/ (B E=582).
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KL RFEBURA BT 25 T 45 M B 2> (1 KN g

Maximum stress (MPa)

Tilt angle (°) Suspension of overall structure PV array supporting structure Condenser supporting structure
A B C 1 2 3 1 2 3
10 64.0 59.8 72.9 345 35.7 36.3 22.0 22.5 23.4
20 62.1 50.7 71.5 48.1 49.4 49.9 239 24.7 25.0
30 56.8 45.8 66.4 60.2 61.9 62.5 329 33.8 345
40 48.3 43.8 63.2 70.3 72.1 72.5 432 44.1 45.1
50 37.2 41.7 74.9 78.5 79.7 79.9 51.6 52.8 53.3
1, 2, and 3 represent the three condenser systems.
pon2p,(1Sn<N-1) (2g)
0<a,<1 (n=1,2,--,N) (2h)
0<p,<1 (n=1,2,---,N) (21)

S
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Favicel &H‘@E%X:(al,az, s O P1sPos ""pN)T J9 IR
BRI Iy A B RR S8, A S B — s E
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RILWOR L NI KR T 35 B, C, F1 C %t L1 B
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i RO RD SRR, PRCRIIE R A%
Qg NN “BBsse” D230 G %
FERLKT 0.

B H TR, R REMECR L D12 55 7
N12mAS52m, FHAHESS m. E 12 R T H 5k
ARG R H BV & B B B6 AL 4R 3 08 BE o A AR A AT
JRl o SRR B 176 A1 B 41 A0 DU Ao 288 Y ) Ty 4 T8CK 2%
Hrk. B3R T R REM~EE. BEEAFE -
5.8 GHz [ fb R HR % 3%« — > 1 %) 176 19 ) % 43 L 48
176 4> Th Z 0 K 8838 38 A1 176 S K ST FEF . AT
JBOR #5 @ TE AL B — N DI EOR A — N R A AS . B

6.5W

21.0W

1.2m
El12. Ko REThsAi EE .
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Zwl ch ZCO
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c c
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Zy —cosa sin sina cosa cosf Zy
(cos B cosy —sin @ sinf siny)x,, +(—cosa siny)y,, +(sin B cos 7 + sina cosf sin y)z,, =%, (3¢)
C
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%
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T T SRR, CIEAHUTRE REEM T R E . RIS
il TERE SRR, A KERIRRFE, AR
Hed, ¥ ST RBE RS Nk, $EH T AR
BT IR IR B TSI EIE[25-27] .

7. BWERR LR

BCER R LIRS =4 — 2Bl 2B
SREMA K. AL RGCR AW, %=
WaEmEl (F15, HB—HEpE (A, —PNEEE
BE TE B AR R R — AN R T, RO 1L AL, B
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NI REEE, AMUTRA @i HAAR AR, T
BB R WORZ MR A 7 AR, 25050 R G0R A e
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THCBEIE SR Ty 262 o5 S HR AR AR 2 BT

FFREG,  LZRH I R N 11 RIS e

®2 BRSBTS R A&

17118 |19 112 |3 |4 |5 |20 |21 22
23 | 24 | 256 BT 8 Bl 26 |27 (28
29|30 (10| 1 [ 31 | 32
33| 34| 14 15 35 | 36
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B 15. Bl b o R 21 i e o

BB HLIC AT . X4 9 L B 3R AT T K &2 0 BB AL 5 s s
5, ZRRMAIE (RALNdBm) 7E 19~22 YR, 2K
RRT 50%, HANIIRLE 227 WHEIN, BE KT 60%.
AR 25 R, 3R1G 7735 59.4% BB AR . X
THREGH, AWAESER: —2AXTNEE, &
W, VIR R BURR A RN R R EIRR G 7.
AL G R L9 74.1%

8. EMKRIEMITHIATNE R A

DN ARSI RAR RS FE I BRI i 52 21 (1
BRI RN REIDBERAE I 5EIR . HU AL SR
FE o MRS LS AT A, 3 75 6 PR ML R 2 B T FA) AW e R
ThEREREIAT . MALEAT I &

NS I A5 B BRSO 1 L 58 5 (0 o> A 15 DL, R AE R
T FR AT B A T I R T, AT AL B )
H AL B R BN R, Ud W SRR ) I T
72, K STIME T R BAENL, R EER BSR &I
Ar, PR BRI R RK . R TR S A
a7 CIP

Type Gain(dBi) VSWR AR(dB) HPBW (°) AE

1-1 8.49-8.62 1.01-1.15 0.10-0.86 Elevation plane 68.54-70.21 93.98%-96.84%
Azimuth plane 69.82—70.88

2-1 11.58-11.72 1.02-1.21 0.10-1.20 Elevation plane 66.70-68.63 95.72%-98.86%
Azimuth plane 32.20-33.16

4-1 14.20-14.76 1.01-1.29 0.10-1.60 Elevation plane 31.45-33.38 87.50%-99.54%

Azimuth plane 31.83-34.72
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BRA B 5 R AL T iR T A VR Z VG 2 I

ALTE TG PR R R T iR H TR, 2— N
T T A ) 2% (8] K BH e il B T R 36 0E R 48, wf
HEZ ML BT S SRR SRS E . T
W RS, T T 2RSSR, MR T KELRKH
o BS5.8 GHz M Dh L M 5, Winas Rk 3
[15-17,251F7~ . RPFER 4 H T HA 2015 FEKES
S 2008 H-7E B HEAT 1k Dh 2R A s i 45 L

AL, 20224 6 A 76 % P RHE R S 58 ) SR8, 4
R¥ar B RIS dhsh, %5050 R G0 A& B 2% )

Rectenna

B 18. seinke BRALYE. (@ SE 1 b)) S 2; (© D sy 3.



106

L

<

Antenna panel I Radiating
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B 21. g M h SR RGIE . (0 ERERE. P
S (b) BIeEE SRR ARSI,

BATHTHE R JerE . m ORI R AL S B DL
RIGHMREE ST RE ST, EHA EEPSREH A
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il i) SSPS Hh AT 40 E R A B 2 AT R4, Hb @
FERBHRESE 564 . BRI S E . KSR
BRRET RS ELBHNETEBNTRANE, 4
BREEE2 T, BAEN1I%, Hi-BERLLHEN
FERAR N 15.05% . 22 JEIR T B AR i 0% 52 21 K FH R
WA 5 3 R I R o XA 2 B4 R, SR T{E
B HARSCR R CRBES] (2918%) . I3 HIIGAE R 4L
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®"3 P HEZERIREE AL

Heat sink

- Module mounting plate

Fan

— Supporting frame

Solar energy collection

0, 5
and conversion ©.48%

DC power transmission
and management ‘ 80.50%

i~ Total efficiency
1.15%

Transmitting antenna | 42.55%

MWPT efficiency BCE

87.30%
15.05%

40.52%

Rectenna

22, 2fERR b ISR IE RS ROR

11. 45&

TS EAS AT BT R SEBR R DA K S
5, B3R,

(D T OMEGA 2.0 WAET i it, @317 Yy,
MZ 2 RHE G AR, JHEL 7 —MREM AT
Tiid, BRI BB RN LL A 7 R] K B fE H vl 1 1 4
WERG IR BE | B HEAl .

(2) W T A b AR 5 4 R G A3 1K FH A
HL Sl AL TR VRO S0IE R Ge, AT SCINT Hg 1l e, &
FEmE R S E . MRS R Rk TE A R
PR e B R, B TR T Ze AR H 1 2 1A) K PH e
LS 2 AR BT ST T 1 U8 SRl

(3) ATl MWPT R 415 5.8 GHz TAEAIR T, 5K

Country Location/application Transmission distance Transmitted power BCE DC-DC efficiency
China Xi’an (2022) [25] 55m 2081 W 87.3% 15.05%
Japan Hyogo (2015) [16] 55m 1800 W 66.00% 9.88%

UAV (2019) [17] 10/30 m 1600 W — Received power 60/42 W
United States Hawaii (2008) [15] 148 km 20 W — —

UAV: unmanned aerial vehicle.



LT 87.3% I &1 BE H % 4 AL AT 15.05% 1) sk DC-DC L
Ko RFREGSHWRL Z MHIFER 55 m, LiIh%E
IEE 2081 Wo 3X — &5 AR T H A J P B o (1) SE 06 45
CHHIA) TAESZe AL IR B R, R4t BCE N 66%, DC-DC
A 9.88%, L4TIE T 1800 W) .

(4 T PHEEEMTIE, LERTZELRRS, R
FEORNIR NI SEEG 5 QR 7T, Dbt R 1 Y 25 1R K B
R FELH 5 HH TR

(5wl A T OO PR T R R AR B, fE
BHITES, BTHERE, RHT7ERMNBBEEE TR
TESCARBES o ARK PR & AR AL ER (GaAs) SR
FE) . phah, N TR IEH T MWPT B H B 28 % 1)
IR, ZNHLH TAE W R ER. FR, RA%ER
REHAR (AP, BIIFRPBORE . BAHS . BIERDL L
RETOM/FRETVEE R, DAk A i R 26 1 RS AR #E

(6) FBIFEMA, HIRAIF RGN EThZFK
PRI 54K AS P IR B S SSPS A i = 5 Rk, M
Xof b THT B0 4F 2R 4 5 B0 S22 6] SSPS HEAT A AME 0o FE T
MRS, ATk AR & BAK A Bh T s
BRI SSPS.

(7)) AR Bt s R R R 28 H
PRt FESEIEOLR, REFF R SR H A I AAS i v R 42
HIEEA

|

ASLIRIUE RSB 5 S AR I R L 15 2 7 B B
B RV R AL VAN 200 Ak R R RE B A L B
L AR HAth 1 b A VR A B SRR S A, AR R R B
S

Compliance with ethics guidelines

Baoyan Duan, Yiqun Zhang, Guangda Chen, Ze
Zhao, Jianwei Mi, Xun Li, Lin Yang, and Xi Li declare
that they have no conflict of interest or financial conflicts

to disclose.

References

[1] Statistical review of world energy. Report. London: BP; 2020.
[2] Glaser PE. Power from the Sun: its future. Science 1968;162(3856):857-61.
[3] Mankins JC. New directions for space solar power. Acta Astronaut 2009;

107

65(1 2):146-56.

[4] Seboldt W, Klimke M, Leipold M, Hanowski N. European sail tower SPS
concept. Acta Astronaut 2001;48(5-12):785-92.

[5] Sasaki S, Tanaka K, Higuchi K, Okuizumi N, Kawasaki S, Shinohara N, et al. A
new concept of solar power satellite: Tethered-SPS. Acta Astronaut 2007;60 (3):
153-65.

[6] Hou X, Wang L, Zhang X, Zhou L. Concept design on multi-rotary joints SPS.
J Astronaut 2015;36(11):1332-8. Chinese.

[7] Carrington C, Fikes J, Gerry M, Perkinson D, Feingold H, Olds J. The Abacus/
Reflector and integrated symmetrical concentrator: consepts for space solar
power collection and transmission. In: Proceedings of the 35th Intersociety
Energy Conversion Engineering Conference and Exhibit; 2000 Jul 24-28; Las
Vegas, NV, USA; 2000.

[8] Mankins J. SPS-ALPHA: the first practical solar power satellite via arbitrarily
large phased array. In: Proceedings of the 10th International Energy Conversion
Engineering Conference; 2012 Jul 30-Aug 1; Atlanta, GA, USA; 2012.

[9] Jaffe P, Pasour J, Gonzalez M, Spencer S. Sandwich module development for
space solar power. In: Proceedings of the 28th International Symposium on
Space Technology and Science; 2011 Jun 5—12; Okinawa Prefecture, Japan;
2011.

[10] Duan B. [A novel design project of space solar power station (SSPS) called
OMEGAproject]. In: The 2nd Symposiumof Space Information Technology
and Application of Chinese Academy of Engineering; 2014 Sep 21-23; Xi’an,
China; 2014. Chinese.

[11] Yang Y, Duan B, Huang J, Li X, Zhang Y, Fan J. SSPS—OMEGA: a new
concentrator system for SSPS. Chin Space Sci Technol 2014;34(5): 18 —23.
Chinese.

[12] Yang Y, Zhang Y, Duan B, Wang D, Li X. A novel design project for space solar
power station (SSPS-OMEGA). Acta Astronaut 2016;121:51-8.

[13] Cash 1. CASSIOPeiA solar power satellite. In: Proceedings of 2017 IEEE
International Conference on Wireless for Space and Extreme Environments
(WIiSEE); 2017 Oct 10-12; Montreal, QC, Canada; 2017.

[14] Arya M, Lee N, Pellegrino S. Ultralight structures for space solar power
satellites. In: Proceedings of The 3rd ATIAA Space Structures Conference,
Spacecraft Solar Array Structures I; 2016 Jan 4-6; San Diego, CA, USA; 2016.

[15] Kaya N, Iwashita M, Little F, Marzwell N, Mankins JC. Microwave power
beaming test in Hawaii. In: Proceedings of the 60th International Astronautic
Congress; 2009 Oct 12—16; Daejong, Republic of Korea; 2009.

[16] Mihara S, Sato M, Nakamura S, Sasaki K, Homma Y, Sasaki T, et al. The result
of ground experiment of microwave wireless power transmission. In:
Proceedings of the 66th International Astronautic Congress; 2015 Oct 12 16;
Jerusalem, Israel; 2015.

[17] Shinohara N, Hasegawa N, Kojima S, Takabayashi N. New beam forming
technology for narrow beam microwave power transfer. In: Proceedings of the
8th Asia-Pacific Conference on Antennas and Propagation; 2019 Aug 4-7;
Incheon, Republic of Korea; 2019.

[18] Rodenbeck CT, Jaffe PI, Strassner II BH, Hausgen PE, McSpadden JO, et al.
Microwave and millimeter wave power beaming. IEEE J Microw 2021; 1(1):
229-59.

[19] Vedda JA, Jones KL. Space-based solar power: a near term investment
decision. El Segundo: Center for Space Policy and Strategy; 2021.

[20] Liu C, Li K, Huang K. [Development of microwave power transmission study].
J Kunming Univ Sci Technol 2011; 36(Suppl):19-22. Chinese.

[21] Duan B. Fundamental, technology and prototype experiment of MWPT &
SSPS in China. In: IEEE Wireless Power Transfer School; 2021 May 27-Jun 2;
San Diego, CA, USA; 2021.

[22] Duan BY. The improved OMEGA project of SSPS with MWPT and
omnidirectional scanning antenna. Sci Sin Tech 2023;53(1):139—44. Chinese.

[23] Duan BY. [The main aspects of the theory and key technologies about space
solar power satellite]. Sci Sin Tech 2018;48(11):1207—-18. Chinese.

[24] Li X, Duan B, Song L, Zhang Y, Xu W. Study of stepped amplitude distribution
taper for microwave power transmission for SSPS. IEEE Trans Antennas
Propag 2017;65(10):5396-405.

[25] Duan B, Zhang Y, Chen G, Zhao Z, Mi J, Li X. Report of the Sun-Chasing
Project. Xi’an: Xidian University; 2022.

[26] Fan G, Duan B. Topology and bionic-based thermal design of space solar
power station and the application in SSPS—OMEGA. Chin J Comput Mech
2021;38 (4):445-51.

[27] Qian S, Duan B, Lou S, Ge C, Wang W. Investigation of the performance of
antenna array for microwave wireless power transmission considering the
thermal effect. IEEE Antennas Wirel Propag Lett 2022;21(3):590—4.



