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Examination of the possibility of rotary joints for SSPS using liquid metal
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NASA / DOE designed the concept of SSPS in the 1970s. In this system, the solar panel was always directed toward the
sun in geosynchronous orbit, and the microwave beam radiator was oriented toward the rectenna on the earth. Between
these, a rotary joint capable of transmitting high power is required. However, it was difficult to manufacture a rotary joint
capable of transmitting high power. Since then, a structure in which a solar cell panel and a microwave antenna are

integrated has been proposed. This time, we examined a rotary joint using liquid metal. We report that it has possibility to

transmit GW class DC power directly, generate little heat, and make it lightweight and compact.

Keywords : Liquid metal, High power transfer, Rotary joint, DC direct transfer

. & C & It

HIERBRBEMR 2D —ER & LC, #ILEUEICE W - KB
TARNFX—Z~A 7 o THERICEET S I KB E
A7 I(Space Solar Power System: SSPS)| ZEH 45 = L 1%
BREDESNFETHS.

1968 FEITIREENIZ L OO, FEFUIITE - TRV, 1978
#(21%, DOE(United States Department of Energy)As EAK[H) 72
BEEZLTCNDD. ZOHT, n—FIJ—TaA 2 Mo
WTRHEENTRY, 1 KICRENR LD ETRT.

ZOHRTE, AV TV TARHANLATNS., LrLE
D% DIFZETIL, GW 7 T 2D b D& BET 2 01X N L »
ZEThY, HRTITe—X U —YaA e LY FA
Y FHEEDT =R ER ORI/ > T D 2.

EE N 77200 =21 =V a2 FORYENKEEL X
NTEEN, kB EHWD Z L TRYETE 2 HEMN &

Do T D THRET S,

T 228 - 5.5 Megawatt
3 Main Busses: DC/DC processors

40800V with isolation switch
38700V | gear and active

Common return [ thermal control
1mm Al sheet conductor

passively cooled

= H ~Flex cables

2 across soft
" yoke joint

—
\

I |
3 concentric slip rings

15 m max. dia. multiple
brushes 10A/cm? max.

6 MFHAMFEES VR T, 20004512 4450, FoI4
NTTHRE

*1 kit ExH

T270-1356 THERFAIET/NVAH 3-1-8-106,

ExH Corporation, 3-1-8-106, Oguradai, Inzai, Chiba 270-1356, Japan

e-mail: kenichi_harakawa@exh-energy.com

2RI ST

T611-0011  FUEVFFIAT 7 FERHERFEFIR ¥ v /SR,

Research Institute for Sustainable Humanosphere, Kyoto University, Kyoto
University Uji-Campus, Gokasho, Uji-shi, Kyoto 611-0011, Japan

e-mail: shino@rish.kyoto-u.ac.jp

©SSPSS

String-To-String
interbay jumpers

Strip-To-Strip
turnaround jumpers

DC switchgear (2000A)
each strip to main bus

%1 SSPS @ Power Distribution

2. EERIZBETFIENEEAXOLE

2.1 REHEMHE  SSPS TR AIAE A2 [HIHER & Ll has L
T2 FORDITIE, EOFERSGME TR SN O E K
L CTHiz.

- BREEE T 5XEES 136W
- B EEUE BICE R, SEZEH(IX10® Torn)Z B D.
BEIE Eo B 227 OREE 121 °C,AEOREIZ-121 C
« 3 BhRRE) C HEEE S 5.

(35)



FH KRBT Vol.7 (2022), pp. 35-39

2.2 EERBAMEEZWOLEE 1 £, RIEREN
Bl 2 b L CoRd

1R ERE BRI O ik

SV T Tl - TR
XL T [ OV T > F R
g P EETERS NS |- BEEOEEORAL,
i R TR AR .
Bk 0 T .
= T EDIVE |-G TR
- AV ERE S, [BRaT, IALREN.
BRI o mgs 2 Mipk U |- FR0 R, REMEIRIC & 5
T 5. I
WETE AL, o |- GV A L X— X BAZEIN
g [ R REECC |- I R

it”%é“e‘ WG |- R L DFENK
EVEETS. E4AN

[FIHSRICT 4 7 AL | A ZDOEERED.

7\U /7‘”V7j5ﬁ ]\é”?ﬁﬁ!ﬁé’é, Iﬁ]IHZIS ‘W'Jﬁiéﬁﬁj:@?ﬁﬁm@fc

[EMRE T2 gl & |0, Ekits/hs< 35

CTEETD. Z LN 7 4T A b

Mxr %< THUERDS.
e JEERRER—FL |- ERELOE IS,
BIERET A 2 — 2 IR S | B R T/ & <

BT 5. &, R AT EE

F1RTRLIEZELIIE, KEFERARANLELNTL S
13GW@%ﬁ%ﬁﬂ&MLT#§%T% L, BiLT~
A 7 O I E R E T D . Hili & LT, BARREA S,
ERGAEE X, BRI TSR T 508, HENTIEA
V. 1.3 GW OFE A OF(E - BRI T, KEREERL

HTH Y HEFIEZEIC O AL L 22 UE 7 B 7, EERR
B A<, R, 2 VETRATS.
M? tng g, BRI A A RE VS LRIETHS.

IR, AV w7V T ER, ikEE G RIT KB E

mN*wf%éféﬁﬁ%ﬁ%E%ﬁiz&ﬂféa

tﬁb,nyf)/&i,74?xyh%@%%@t%
fihXE2HKTHDH. WA T 72D 7 4 T A M E
LCT IV aEAL, FHEEROME EICSHEE L, A
BEERESEDEHENDS. LrL, FrzidiiicsgR+o
Hfih Tod D7, I 7 B RAVTHAN T D S BR O AT miE
iDL TLNRV. 2O, 1.3 GW bOKEHZTHT
L, BEEREAL, BELTCLEY. ZHITLD, BEEENRT
T &, BIHR S RAT S.

IR L, WIREEE HWEEAIE, iIREEE
m%&@ﬁ@&%f%étﬁx@%ﬁ#%@wfﬁ<¢é_
ENTEDH. 1.3 GW OENTBWT, EEME BRI K
ERGATYH, BEUIMRD Th7e0.

3. Ga Ri&kAFER

3.1 Ga REHEE WHhRERELTHLNATWD ’6 D
WKEERH 5. KNI AKICK U TEMENTRLS, RoHS 4
W E o> THEAMBHIRS LTV D

ZHUCK LT, BwHER R WERIRER E LT, Ga Rikik4e
BRH 5. Z ORI, Ga,In,Sn DIFEETHY, BES
-19 CTHD. FEIH 2 RITR LT,

4 Hi11L, Galinstan & FETY, gallium, indium, and stannum (Latin
for "tin")H DEMFETHY, A Y A ——ORERPGHET
»H5.

%522  Galinstan D¥FREEME D

THH i

il > 1300 °C

Al -19°C

KRE < 10°® Torr (at 500 °C)

B 6.44 g/cm’ (at 20 °C)

pinis 0.0024 Pa-s (at 20 °C)
BRigR 16.5 Wm''K"!

BER 3.46x10° S/m (at 20 °C)
KRS $=0.535-0.718 N/m (at 20 °C)
LBV 296 Jkg 'K

F2RND, WEERDE 1300 °CLLELEHY,
(356 7°C)EH L THLLTHEMHTES.

[Ei] ,49%(%@?ﬁ§ﬁmﬁﬁéﬁ@ﬁﬁibmﬁ
<, b—&— iofﬁf%%ﬁ?é%%ﬁ%b
ﬂ%mfilogTorruTT%Zof_&), BZEH T HE S LTk
RETHREMMMARFCE A REEMIEH 5. £k L7z BREE IR
it Ebhs.

REEE I, WO 0.058Pars LV HIEL,
HTLEINTED.

EWERIL 346 x10° S/m THY, AT LRIV D LE
VMETH D, #L D —HiLl .

Fox DIT> T EBROFPTIX, 7= L% L < Mk
éﬁé B, ATV, H—RAITEN A RS o

T, SR, BT A, RV = AT IIENR AR L.

TKERD B

O TN

3.2 SN E2 X Ga Rikik&EE SUS R LI T L
TREFZ R LTV, BEIE, H20°CTHS.

KNZRT & DI, MONRERDEZF LiZiEiko&R Th
5.

2K GaRifikaEsMe

3.3 J|EERER

%3 BICIE, #REICK 1 nifod Ga RikAE B ETR T L,
e —TERBE L CEREMLIEEFEZRL TS,

10 A OEREIT 8T 1 —T13RAL TN 5.

Ga RIRAEEEIT, BRITENZ Lo ICEN IR STV D,
Z OIRFET 9 WA k& L 7.

EREE, HI12kA/dTHD.

FER%, Ga RIRAESRBITEmIES OMBVNRE E L TORF
PEERRE LTV e, IRIBED, B L b EiEbhs.
WL, BiATAHLIRY Ga REEERE LTHFEN TS LS T
HBHN, Ga RIREEREHE TS 2% TS L TV HERT
RGNS TE.

g e —T O, Fole ALl TWirdiolz.

(36)



RIE@EZ A2 SSPS ilm—4% U — 5 o o o rlietEmsat (f)ie— - BI5EZ)

%3 St D> Ga RiEASIRIC@E L TV DT

3.4 EEEBERICERAULLER Ko, HiEXERER
ELTREBEOET MR L. 54K, EBER O/ %
RLTWD. NEIC PR O [R5 S & 2 1 2 Eed el i 48
ERT 2V RENDLE ARy 7 R ZHMA->TWT, ERER
D HEBPIMAAOTND.

S ESZ T 3B 0, E ONRANZREMETR IR > — L &2l LT
W5, ERCTHNERDZER & L7

3000 rpm TEIDL72AS, 255 RORERE o7z,

ZOOEEREM A BANCEEE LB E R L TS
W, —ODEMY Y OEFULZ DL DETH 5. HREUEIT,
0.9mO~3mQ O TEL L TWAHTA, 40 5EEmE7- 0
NOIBUEAH R LA 200Q LI EF TABEICH K LT, #
PUEO AR LT, P77 b REIHIMLTNS.

FEBRE, LTS L, REORKE BN EAORIR
WL LTV,

D P FEERTIE, BRI A B 2 K B Ok IR I ZE
fEL, M7 b RESERT DI ENDIR>TND. (—V
7¢ LOFE L EER)

5 4 RORBRIKZE VT RERIL, S —ANEETRL, A
u—U—n3holztEbns. EiEEME 7 =L FERIK
BEBHIT, ZERNEES S, MDA S O & bl s.
53 O IRIE TIIBM LI, k4@ 2 Bi#d 528, [
R TR L bR ST L E W, DIRaE 1 1@ h 7 &
Bbnsd.

Y EORRNS, WAERIIEWEEBREZEATIHOD,
BRI LT CREFF TH Y, REF COMRICITEE%
g5 Loz,

WZE 2L, BERTIEMTRETH D Z L 2R LTS,

B4l BREEE M

1000000

= 100000
G
E, 10000
= 1000
5
[ 100
g

10
N
& 1

0.1

0:00 0:14 0:28 0:43 0:57
ZBRRFEL]

BESX HiRkERo—2 Y —Y a1 hOEHIZEL
4, SSPSAHRA—A41)—LaA > b~ADERAKE

41 BHREERZEMIEDIFE AROERTIE, KK
SREEMNIELHEL LT, 7oV MRY = AT IWNTE
BEETHERLTWE., ZHUCK Y, H2TRTREES
DORVEREEEZEEmE L CHEATEL LI LE L
L, FlHZEMCOfEAEB 25 L, BARZOEEL 121°Cl2
B0, MEHCBWIRI N2 72 5. 2O, file A5
ZlE L. Ga RSB S ITENEN RN L b
WLZHATHD. &6 KT, BERHE AR S e+
ERLTWD.

Z OFEREHIRHEIL, B, SEOITIZ R W e B E
ARV

7 )b Ml L TRIEEROEENES TH Y, FHBHE
HATE37-DBEELRSTHS.

57 KNI, BERESHEE U RO T v FOVITHDIAA
THEEL, hREEEZERSEEbOEHASE TS, —
DOIFAT—HEWTHY, M Tn—2EBEMTHDH. v—IL
HICIZA T A X —HERE R FF -8 CR Y, WAEEE & AMEERIC AT
FTWa. HIRKIE, Vo o—HFoWmENE - b DTH
5.

BF v XML, E—F =B 6N TEY, HEEEN
ik L U CHBET D IRFERIPAICRY T 5.

AT —Z B v — 2 BHOBBHEIEL, 2 mm & 57
ANTEY, ZOEMEZRRERE THIZ LTV,

FEOX AT 2 lERS TSR

(37)



FH KRBT Vol.7 (2022), pp. 35-39

O-9Rh SRR sy

® ] mteR

FrAll

N2

H

f

Frrl

|4 Y

2549 (3-) | N\ AS4E-(3-N)

2SS ES S C 7

%7 SSPS il —Z Y —Ya A b LTHOWEREDE—4
JONAT— X OWri X

4.2 SSPSRAO—A2Y)—S3A4 v DAL A=Y BIEN3
Wi ChH D70, FIXOILHIRboild tEbhs.
BT, A RN FERRNED, ZO LS a L b
SNV N IR

B8 MIIARYT 3 HHEe—X U —Y a4 v O EKRKA
BEREEZF IR LTS, FBIXTRIH LY 7R 2
Ty FASTEY, BHEPHERTES.

AT — 2D ENT A RIZED, AT —F g7

WICEESN TS, a—XJIEBIINAICH > T, ThEh
@ZT AR & kR LoD, B —H 7 — AT ST
W5, BREIE—Z I AT —Z T T T OIMINATT B
TW5.

EARE Y, R—J > RICmE®E LT, Ml 580
OR, RIDHAENIR TH 5.

Ny urle Sl
hEOEFRAHE
1.3GW

NDEHGE

H 8K SSPSH3IHHER—XY—Ta AL hDA A=Y

AT —5RIBE

o

s oe—
o 5

O0—%- A7 —9&EM

I:I—\Gfﬂlji?ﬁaﬁ — ATz

FOX v—xY—T A O

4.3 SSPS AO—A2YU—CaA v FOERMLIEHE
n—& Y —2a A2 MIBWT, A ML ZIZREREE T
7O H—ThDH. RECRBOKENRESTNDLI LMD,
0= —TaA 2 O MY EFE LA FHHEICHT-
ST, 10 IR THEE AV,

ZOWEICESNT A BEET D L, O)XBELR
7.
B, piMETHY, HIZTBEBBEX v v 7 TF D ikiksé
BEODEXIZRS.
wlX, BEESIOAEETHY, 7.727x105 rad/s TH 5.
2muw 2
- L f r3dr
H J,
TUW
:E(TZ -1) (1

R(0R)% 2.0m, rlIR)% 1.5m & LCEETH L, HE3 %
DFERIZ /2o,

E3FR LY EERER
V2 (1 TR 1.5x10% N'm
V7 (2 TR 3.0x10° N-m

TN EVVETH D, ZIEL, ATA X —(—I)ERD
ML BIE STV Z EEFEE I,

PEfE S BN BN D, SBRMRE LB SO0 LN &R
AETH L. Z07dIlh, EEERITAEDTHD.

#10 ™

BEMROFE A

4.4 BRASERHBOBRRUER 20R)% 2.0 m, rl(IR)
Z15m &L, EERHOE S ZMlOEREROES %
3mm, EEERERBOBEM)2mm & LT, #itLT8mm &
Lf:. BT, “oOOEMmR E E I LT?@% L7z, Lk

‘iﬁ%ﬁiéﬁj*ﬁ@%ﬁ%% 1.3 GW =BT 2 EE - Eit

ODM’\%’:Nf ANTH T CEREAEL, %42%_71,71
H 4%k 1.3 GW OFKFET - B T O BITHELK
KEEEV] 5k 10k 50k 100 k
PR ENA] 260 k 130k 26k 13k
HBIFEII[W] 56.9 14.2 0.569 0.142
T FE[Alcr] 4.7 2.4 0.5 0.2

(38)



ARG R % A= SSPS fln—4 UV —V a A o hor[GEMRES (5 — - HEHE%)

FAROERERLARY, BRAKE R —ATYH, K
WSS BB 2V, AR, 2(0R)E 2m & L7z, HERIX
BRI T4m THDH. "IV TEEANTD, Smic
ITEE L 720,

HEMERNOIL, DN SKTAHILELARETHS.

N, B3 ey FoOEE 72T U U IAE 52 m XY
H/NEL, BHEHAETHD. 3llin—X U —Ta A v NS
T EM ECHANY.THZ ENAREIC /R D, EEITFEHLTY
RN, EEUVVEREER R0,

L THEORE RBEFROBHEKERD1Z1T 720 T,
HENNZDDIEIYSTVETTH D, TNLD b, ZOEMIC
T2 < EHRR AR D OFEN K Z .

WRIRSRIL, D B IMERE OB L =T 5 2 & A
BLEN 5, WUEICTRS £ TOR], ASUTICEEL T
B L THBL Z & THISHRETH .

5 % @

—UIE AL E T, ERAEZDOEEXRETE LAY v k

EREV. &5, 3HORIEREENR LR 061X, 7=
— AR T LA T T FoMERR b TE SN L
R, 72 —XR-TUAHEIC L > TE—LDIRY 42K
TR, BIRBED D7D, B EEBE N HEE L
WITTHB.

ZDOEH, BIREEERHW e —2 ) —Va A M
HERRBEFETldd B DY, SSPSOHEHCEE L 5. 2 A [REMEMN
H2. SSPSORMERICHETEDHILEFHEIRETHD.

32 £ X M

1) DOE and NASA: Satellite Power System Concept Development and
Evaluation Program Reference System Report, DOE/ER-0023
(1978), pp. 19-23.

2) Sasaki, S., Tanaka, K., Kawasaki, S., Shinohara, N., Higuchi, K.,
Okuizumi, N., Senda, K., Ishimura, K. and USEF SSPS Study Team:
Conceptual Study of SSPS Demonstration Experiment, URS! Radio
Science Bulletin, 2004, 310 (2004), pp.9-14.

3)  Wikipedia The free encyclopedia: Galinstan, 7 January 2022,
https://en.wikipedia.org/wiki/Galinstan.

(2022.2.14 =4

(39)



