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The Superconducting Magnetic Energy Storage (SMES) which has the properties of high
efficiency and good response is one of the most respected means for load leveling of utilities,
Although it has no technical breakthrough for the realization, there are many tehnical problems
to be solved for scaling-up. The following three items have been studied as the basic and technical
problems: firstly the development of NbySn superconductor which has low cost and high critical
current density at low field, 5 T, secondly the development of liquid helium transfer lines which
has characteristics of low heat losses, and lastly the experimental studies of protection methods
of the large superconducting coils.

As the superconductor is 2 main part of the capital cost of SMES, it is very important to
reduce the cost. A so-called pipe method, which is one of the internal tin diffusion methods, has
been studied by testing the fabrication process with short samples. This fabrication process is
simple in comparison with the commercially established bronze process. As a result, the
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properties of the critical current density of 440 KA/cm?at 5 T and 4.2 K was obtained, This value
is almost a champion data of NbSn.

The other methods of the internal tin diffusion, named as a solid liquid method and a modified
jelly roll (MJR) method, have been also tested. They can be also the candidate for the super-
conductors of SMES because of the simple fabrication processes.

The SMES systerm needs transfer lines with low heat losses to transfer a large quantities of
liquid hlium for cooling the superconducting magnet. A transfer line intended {o low heat losses
less than (.2 W/m has been fabricated and tested. The test results show the good properties of low
heat losses below the design value.

The protection of the SMES superconducting coil is important to assure the reliability when
it will be installed in utilities. The experimental studies with a 60 K] magnet have been performed
to obtain the information of the protections at light and heavy accidents of SMES. One of the
experiments has simulated the energy discharge in a small part of a coil where is in a normal
conducting state at the light accident. The other was {0 measure abnormal internal voltages
inside a superconducting magnet when it is quenched at the heavy accident, These were

compared with the calculated values in good agreement.

1.

BB A VEROTES T & VF - Z2EET
WY B BEA s x ¥ 5 (BUF SMES &I
3 EEhERAS 90% BLETH Y, Fo, BREBNC
3 ) BTHEIET & ZEIG S B, BRAEME—KH
RN TV BERFEBICH T, BloghER
20~30% BWE LA TEL, BHFEEL
TENEELE L TWA, fF, ETHRED
LEERASE & » T & fo b, BREEEIG U TR
i EERHRERE O HIRE O LR SUHIN S
& Al at, 0, BEFAREE, EBLEAT
FEZT B LHBRIEE LVIEE, WIFETD
iy, SMES OEAALI, SEOobAED T &
& — s FAEETd 0, SMES 3% OEh o BEE
OB THEEELCNTNS,

o E T SMES OFfgElE, a2 A¥—RE
BUFRMERE (NEDO) B L 0z v 9 =7 1) v /' RE
W4 (ENAA) SRS RE & @ REI 21T,
KE T EPRL 94 0 v v v REREHRER
OWEF AT > TE 1Y, TOE, BikLko7
Lot 7 R— 35y, SREHEEL D Lo ul kgl
e d B EOfFHIELTV R, BBETR
1086 4EIc A%, FEMESBINL T HHEES
TR E -SSR L, HEH Iz
FFHOEREEDE LILARZITE-TEH
n, METIE, 19874 11 Hic 20 MWh SMES

OERTE e s PREFLEY,

D& HWIKRO TR, TR, BB
2 ¥ —FEOERLk & - TEBELEbh b8
wLERoR, UToREB>WTHEZT
fatz,

(1) {ERER, Sk NbySn OBHFENTE

(2) (BIRSEREA~) o L% 0BT

(3) B o1 VFHEEOWTL

FIEXIE TN O OMERBIC >V THENEED
ThH Do
2. SMES OJEig

SMES oL, 1 iRT &5, BN
110, FRABEMRKEIC R 720 OERFHRE
(5 34FRY v b)), B AHIERET
M EhTWB, HHEAEANZERECLD
R L TR T VicETRIL, BROE
HEE L — 7 B ETRBI L - TRET 2, B

— | HEHI N
*
ﬁiu | =
R -] | B
'E; | B
F 4 | i
[ |
Tz
F54F X2y bk

1. SMES ©FEE.

— 146



10 GAUR

-
& Q£
&= !

250m

¥ E E
B2. SMES oEeHa|.

HEHFER T A VE - & LTIFA LN 20T
MR,

BT A L OEIIR 2 CFRT & ICEE
HEmicily, BERUBHNERZ 3D RE
FHVIHEES SHTEEENET 3. flAE, =
7L ARO LS ILEE OREEME ARV S
W, TR 10077+ AIBELEEEY, 2RI
THREMEEEBATLE 5. BLSR~NA LS
W, FEENC I EIRR SRR T w E X hT VR
M, ERALIE, R, SRR - T,
HBEIA L ED LD G TR, KBS
T~ ORI ESEENOMBSKETES 3,

3. SHER, SiEHEE Nb,Sn DB

31 B

SMES (2 {353 OB o 4 Az 18 WK D
FHRBER E N5, BB G B L3
ld 20~80% 278 B, 72T, KNIAEEMTRE
AT BERA R SRR T 2 T L1, SMES o

#1. NbySn & NbTi ok,

B H Nb,Sn NbTi

I # 8 {5 100 130

$H " op HEER~60% ~B09%
3k NoTi &JEjzkig

i T PPN o
53 NbTi & [Bzkie

KERUMREE  66x105A/cm®  3.8X10% A/em?

(5T, 2K)

BEHEFRIET 2w 0@ s, BEDLC A,
SMES Fi#{& & L T, NbTi & NbySn #5757
FhiTh 6. MEOLEN, BFRE+E1 1
RY W, BUCBEEEAHET S Tw 3 NbTi o i,
NT, BEEREAERTWA & ED S, BY
Tk EIC® B NbySn ©H S, Esfefiiizsi Fass
AR REVWEEZ OB, BE TR, NbSn
(& NbT1 i b T3k e 53 1/1.6~1/2 i ts
5 ETFRE N, BEMIC SMES ORI £ MTE
EFER T S 2 Thhis 3,

NbsSn TREEOREHED 5 bHE{fLshTwn
S0 T 0 v XETH B0, it GEREREE)
BE—DREVWILLE, MITHROEEEDOW
AAMARERA S 2 DTS2V, oWk
OhfFEMED ShTv s, HECHERSHO
HEFFELHME LT AR, 10T Hllog
BRI R - TW 5, LvL, SMES Hifmar
IANEBETEFEDEHETHBVWShLDT, B
Wi NbgSn OIS ETH 2,

Ta v KRR, MEREE (PR,
N4 T, BRI L), MIRE, 8%, In
Situ k7S &b B, T SOH R NLTi ol
W TRED, Sa0 LB THE 5, 212,
B S NDTiiclkRTRL, LbLl, Th
SOFEEBERR LS AR TH 0, IR
Btdh 3,

32 HEAR OIS M T 5 LRI

(a) »%¥4 7HEIC X % NbySn {0 BB

BEFERbshTWa 7o v g, TEAY
LM NDTI & b b AE V. LL,
9Lt PEEOBEETRRI, Vo v X eHME
EENT SR DR BLER B —i 1 ¢,

— 147



#= 2., /¥4 7 NbsSn R % v 7 L O EHSE.

7 F 0.804 mmg
T4 A VR 7
TaSAYER 176 pme
EiT 1.98

NbTi OMTEE BEECTH 5, T, FH
A%, HEBIEFtoBLAY, NbTI &
b b 115 & PRENS,

EN I OMRM R OEETIR O LY, 8
BRI BT BN A — g THB T4 5 A Y
MR, SniBE, 715 UNT, NbySn ARk ST EL
RLEEEE, SRR R A oy v TV EED
A RE U fee 3R 2 WS LA TR T, A
HHEEZ B0, T4 54 ¥ MEUGEE LD
HOAEICREL 2o

Sn 1 26~70%, HMIEZE 675°C, 2 I
~T725°C, 432 M, 7, #HEF%E 05~0.8 mm
OFFTEL, Fh5D5 » — ¥ QBB
DO EER T, BULE O NbySn B~ D
AR B ITRT, Fi,, MEL SniBEEIER
o & & OFREREEORERER 4 TR,

COWRILE - THONERBRIROEY TS
B

10C

(1) HBBBLTE, MVWHPBOFELR
El
(2) SniBErcBgL Tk, 35~40% AELET
Ha
(3) BJnmEE, 7257,
NbSn BEERTE 2
(4) BERERHFHELLT 5T, 42K T 440
kA/cm® & champion data CPCRE 58
WEME S
(b) [Eigikic & 3 NbySn & OB LU
ML R O— T b 5 B TN
SUWEL, ZOFHMIETE
SHEEGEE 1 FEELER, EROY VT
LEBWEL, BB 650~730°C, HAUE
[ & 25~100 B & EA T, T ORFEEE
Lo W ¥ 7 VBB D /NS5 4 — ¥ ERF I IS,
BontiEREK S RT, 5 oM BEERHE
et SR HARTERE > T b,
(c) MIR i & 3 NbySn OB Bl
MIR ¥z (a) TaR~fovA 7k DS, Ni
oy KOHAZOERMEDT 26, KO IR
DI B, COFER>VTh, Y rT%E
BUWEL, HHEORIES LI, AT 680°C, 100
MERH~720°C, 4B B§fR& L, R0k 4

100 TR T4 73

50

T 1 T 1T

NbySn B (um)
o

tot 111l 1 1

| S .

50 [Jele} 500 10Q0
SRANIDRERE (REFE)

B23. Sn Bk FEVLIEG MO 5 Nb,Sn ORI

~—148—



1000 |
500 |
- L
3
L
s
<
= L
]
o
g
[ _
2 100} _
& SnimfE
r —— 259%
50 w0— 30%
L ——35%| 0.8mmg
——40%
—a— 45%
o 0= 30%
—mn 35%
- 40%[ O5 mmg
b 45%
I O 13 1 i 1 ] 1 L 4 1 ). L ] 1
Q 5 10 15

B 42 (T)
B4, ¥4 7HE & 5 NbySn OB R TR,

3. Bk NopSn @R Y v 7 v O T B

OB 0.76 mmg
7432 61

T4 A R 37 umg
# e 0.8

#4, MIRE NbSnEHRY v 7 A DEEHET,

£21% (mm) 0.686
el 0.727

0927
1.062

DT EL 2FRIRIR L o,

MEFRER AR 6 iRkt 5, o 2 ik s 13156
BofESBLNTVL S,

33 EEMER

Biicif~tz &k Hic, A FEOMLR 7o v X
Hicl~Tililith 3, coFiET, 7ok
T oM 3L O BIFEE £ R NbySn B
RS/ b, e, [EilRE MIRETS, 3
BEHFOHEBEFESBL C EHHTER, O
S, CITHRLABEEESOERET O
W, PR =B 5ok D b, o
Bie 3R TE s VLA LS,

1000 -

5001
w
E
2
=
£
i -
100 | ~q Tk,
& : g N
7 BE Rt N
£ ~A-~h- 730'C 50h
& 50r -~ B90'C |00h

[ —h—d 590C 5Ch
& gog'c 25k
[ -O--0- 650°C 100h

# 8 (m

B5. BT & 3 NbeSn ORRIEHEHE

(000
s00F
&; - Q
< . H
2 ‘8
BoL t e
B A &
# A L4
g g
3 BhinE FEr
100~ BE [515]
T o 700C  72h
- e 680°C | OOh]o.eas mms
- A 6BOC  (0Oh
50+ a 720°C 43h|°‘927 mmg
1 1 1 1 1 1 i 1
0 5 9

B 15 (T)

B 6. MJR iz & 3 NbySn OB R TS,

4, BHERBEEAY D LGETORRE

4.1 EEH:

SMES 3EhEMNFE O C EMBEROBETES 3,
RIS ES 2SO BHEORET B S B,
SMES 3B BI = 1 V2B E7 B fowic, HE~
Whkm icRBHEE~Y v st BERRTE S
BHLd 3, Ld-T, (BHEVE~DOAZIIER
TEIV, EERRE ORI, TS EAN

—149—



T EW 00§l
 —T
{ |

TR

N U LR

4800 mm

e U LA
| ARED L T A

Jaaca i)

7. 5= s~

T AT &Iy, T OBIFEIL SMES O
Bibicd » THELIEDO—2TH B,

42 FEROEREEORHIES X UHHE
MHSBEEFED A HEO—DR 7 LE Y TAE
WEEANTH 5, < 0HARFEIHAOZROMER
BEE DS, =4 WRICE W THRERTEET /2,
EEEL ENBTETHE, LL, FHEEOD
Moz ~—+ 2B AR B HENE D, EHEL
PIANA B AT H 5,

ko Hid, WEERY -V PR ERETH
5o CHUCIGIEAERIRE L~ v sRED
MECEL, BOMRETIARE D B, FiE
(2, NE-HAREHRAE D &L PHRER-EE~ Y
v AHE & ORI OUEVERSSBETH D,
Hlc TR ohE MR & e 3, Thicw LT,
BEEHESHBE WO ED D 5,

43 BEREEREE O

COEEREORIRTIE, WiEAiHE L ERE
Fy— o F{FEiFEREOFNERME L, &HE
WA RO & HICHRE L o

D E~Y v LABEEOES 1/2B &L, #F

HElLT24ET 5,

@ AMBERTRLESHLTRERE 1 A8

D 02W/m BT &9 3,
@ WAREZY -V FORSREE 100K 2l

o ABEEE ONERSE],

TR 3,
@ ERoOBEHEET b ICERREE
i}, ZoindnEEinss 45,

® HEEMECE T LI =y ATERAAV 5,

% OIS ER 7 1R,

HERHEE 13, BHRESOH I X b HEaENE
PTED I DI Ul SRR S o A
DHEDEECE ST VLS, W, b0 A%
BRMA B X AHWME LI, 72 MEEG, K7
RE &K, WHHENY v AREORRFHY
G, AfAIIELEEEE L, BAIESRSER
fofl ik s U, St osZALNETE S &
AL,

44 FEREENR

FEATRIEE~Y 7 AEEICHENY T AR
AL, HAERMLERERERL, TAEEE
LA, iE~Y 9 ADRERH S, BARE
Fdize

TRERES A & D ABVERHIE L -0 B A I,
BRMGAAT, T 0178 W/m Th 1, IO
i, BETEHETH S 02W/m ¥ +9TE-T
W5, SO ABRIZAEE 053 W/m Th
b, BEEENRETELDTH -1, MIEERR
FIIEE b L —BL, BREEETEATOEE,
TAMBCE BHERETH 5,

—150—



5. BEIHAINDEEROHE

5.1 SMES D o A L O{faiH:

SMES Rl EE o 4 T4, a4 sy v
BT L, RO ICEFDOIFRHT A NF —~
EHREICKH L TRES 2 HEEEN B LS T E
Wi, 7 =¥ F T4 HNERT 2 EEICE BH]
W, T2 -2 AT 3 0,
I MCE VBT B SENS B, LLAE
NISEHET &, ERMRKENERET 3 L,

i
4

[ BT A¥—mm |

a4 N GERE

E8. SMES icPehadil

L g

B—BELR
RERBEER

£z, ERFoI VDT -3

IR R L — 60 kJ
T R K 850 A
40 AR 180 mm
ATz 230 mm
BE 210 mm
= # 6916 B
WMo W & NbBTi

SMES St s N TV 2 BARM I K & LI
A2HL B,

Z T T SMES oi&, 04 MRHOLHic®
OIFE T R F ka4 VAEOEEER (2
YINE=) TR L, FORELFEMTAL M
W8 U O EFRRELI T 8 & 5 ici&ih L, #
e A HEERI A,

L L, ZORHCERE LG ERSRnT E
i, I rvEE—KRELRESE208EBH ST
&, [Elge o 4 PRI B NEEMREE LTV

(b)

BG9. 7 xvFiicstbd 5 a1 A REREBE.
(a) BAEE7 =Lk
(b) PRy = v F Ll

—151—



P& HE S o

-1k
i

B0, 7> rFcslt a1y 9 vk
B MEREEE 5375,

EIKTBHILETH B,

52 SMES DEgDs%

B s LTHE 8 iR g & 5 IRk & Bl
fE 2O HHEZ SN B,

EO—21, A ONE-P R L OB
Tfbick 3~ v AEOET @, BB 0
—IEMRIET 2 L 5 BIBETH 5, COES
i, BB - H LTEY, IFMsvE—
D—IREANRICHH T B & THLT & 3, FH
TREFET AANF-DBDBODT, s
KIS TE2H3TH 3,

—FH, N Y AERPATEEROSNLTRT
W, 7= vFBRicECZ0T, naALE—D
At TR T E Y, o4 LORKRTIEE
TR NF - EBINE 3 FRERS & BEBTL,

5.3 A A AGrEIGREE DO FER

BRI A O DEEELIC & b 3 1 L O—HRS
HPEBEIGN L1 IBATH 5, HELE L5
HO IR NF—RHDITNDT, hWOEHTES
DERNF — R ABHRA A » FEHVTKAE
e — FTRBELSD, HEEREELARSDS
DI RNF—RWHT BT &ML 3, CD
feitid, AA w FTHRAERE - FLEEE -
FEDUOBABE LM TE BT & HNERM
AR

EOSIWRTHEEYE A LEHAVClE~ FE
OY)DIAZ OFEERAEITIE o 12, T OFEHE, e —
FREIOUI DA MBopIcTEDC LDMERETS
7o

|- Es:= 5,000 MWh, =700 kA
A=0.1
3 Coils

(=]

a4 NEE

Difference of inductance (H)

BE1l. 5 GWh SMES OBE#af LD A v 70 ¥
v A G3TR.

54 7 x v FHEORLENTETORE

REREBEB U< KRB KRTHBE I 4 LTI
b, IANVCRERNIC s x yFRECxE
Sz e — &M 2EERE, FRET LIRS
FEzifliEds 5 BERFREFIE YT o0
T3,

TERIT & » THIE & R EF O Ao —F]
=B 9ITRT, () 1234 BRI ED fHT 5
Ntk — PR LTI Vv ERECSH-ETS
b, b)Ga4 iRl ohict -5
L5bDTH5B, 7= v FOIEHICL - THESE
HEETFOREBNRE -TW3, Thid, yxvF
OIEFOBETH, 7z v F ARG & - TRA
B TH D,

55 MRIRBEFEA: T 3EE

Ko wwrdgmET Bugfizrszrsick 3
EHROBERSIC L ZEETH Y, £HBOESH
AANDA Ty AL BLDTHLE &
o, HEBI L —va b Shot, X,
Yial—-Vaerhioad VRESN—BICER
&, BTk 2EESRIZINET B & L5 o
fio LchS=T, Wit LT~ REE s
BHEHROBETEH 5,

—F, AvFrsryRcLsbol, B10ic
RTEIRFEE L —FT 5, ¥5k, SMES

—152—



RARB A 4+ L OBEATEHET2EE 11 0 &
IR B, TOFREBERIA N Toy s
R A F TR 25T TE 5 L s
PR f(_o

6. F & &

6.1 {ERESY, SRR NbySn offFeRa:
MERIERGE (4 7k, Bk, MIR ) ic
& =T, (KR TERIT R EREEE: S o
NbySn DEHIFETE, ZO¥kid champion data
KREEHT 2 5D TH -7, TOELEH I
T AGEAIRR R FIE R AT TR A,

62 {BIRKHEAHF~ Y v st E OBIRTIE
{EKIRECE DM S AT~ 21 ic 7 2 + RS
ZRUF LR U CR R, iR S0 o Ba A
BEUTREFE—A L0 018 W/m 287,
COERHRITEEZ 02 W/m 2 TES b0 TH
D, FLEBENTOERARS MPIRE R s
Boh, SMES KRS EER, SEiktkik~
U v AEEE OO HNESk,

6.3 BEI o A LFHEEDOTRE

SMES FIRBIMEEY o 1 L DERMEDE I
MBI T - 5 2185 - DERMT bR, £h
RE-TELNEBRIFERERACTHELL
FERBEL BT A ERSD o, TOZEM
b, HHWIFICRET ZRPICHO>VTOHRAEE S
CEWTE, EANBEY T 4 VORMEERETH
RT3 HEBOYIaL—vaviRE-TR
3B 8s T,
28 E

1) SHEH & A F R Y 2 7 A BY 2 YRERE
7%, THFD 58 4ERE © 3 ¥ — SR A RIS T ST
FERLELHIEE, NEDO-P-8408, ITF7 60 45 6 A,
BB T 5 F —[FRE v R 5 o Bd 5 B
EREE, x=¥Y=7) ry7RAYS ENAA
1985.7 8, I3FN 61 %E 3 A,

2) EPRI report, EPRI EM-3457, RP 1189-17,
April 1984. Los Alamos National Laboratory
report, LA-10320-MS, 1985, R, W. Boom, Proc.
of UW-Japan Workshop on SMES, Madison,

Oct. 1981, p. 44.
3) R. W. Boom, private communication,

HFEFHEE
1) M. Masuda and T. Shintomi: “Conceptual
Design of 5 GWh SMES,” Proceedings of the

2)

3}

5)

6)

7}

8)

9)

10)

11}

12)

13)

14)

15)

—153—

9th Inter, Conference of Magnet Technolngy,
Zurich, Sept. 1985, p. 357.

Y. Murakami, N. Qhuchi and J. Yamamoto:
"Analyses and Measurements of AC Loss of
0.5 MJ Pulsed Magnet,” Proceedings of the 9th
Inter. Conference of Magnet Technology,
Zurich, Sept. 1985, p. 520.

T. Shintomi and M. Masuda, K. Otani, G. Cha
and Y. Kwon: “The Experimental Study of
Protection Method of Large Superconducting
Coil Systems,” to be published in Proceedings
of the 1986 Applied Surerconducting Confer-
ence, Baltimore, Sept., 1986.

M. Masuda and T. Shintomi: “The Conceptual
Design of Utility Scale SMES,” to be published
in Proceedings of the 1986 Applied Super-
conducting Conference, Baltimore, Sept.,
19886,

HMEER: “5GWh HEY L 3 L& — o
SHE, B33 BB LEMARELTHE, 15
6045 B, p. 130.

WEEM: "SGWh SBT3 0+ —FEz 4
WER", B 33 G T R A TR, 1B
6045 H, p. 132

ZRREHE, LR b B SREe T ba &
LTOBBH . & 4 F —IFBERE M4 5 50
WL, ERFLEIFEETTEE, SA-86-8.
TR, thifETE, SRILR, TR, B
HIESR: "Nb ¥ = — 7FEkick % NbySn B{kD{E
MESRFFE D", & 34 R T3 REe
THE, WREN 604 11 A, p. 128

SEZIN: "B GWh SMES OiF&ive”, 3 a4
B THMRRESTRHE MNG04E 11 B,
p. 162,

BAR, ABERL HAESE: KRB Y <
F v b QRIS 2 EHRUIR". 8 35 B
ML RRSTHN, M6LES .
WL “SMES M OUFFSEE", 45 1 ERE
B & AF IR RS, B8R0 61 4F
12H, p L.

BiEsE: “EATIC B BTG & £ Ok
B8", %1 E{EREL . & ¥ — PRI R R0
AR, [@Mme14E12 A, p. 16,

it — "SMES BE0ME", §—EuEy
XAV F - IR SR AR, BRI6L A
12 A, p. 34,

HEFH. SMES kB8 2 BBHORELE
AT, F | [EEEE LF — FETs F i AEh
X, W61 12 B, p. 44,

BEIERE, FEEN "HEH 2 F -
BiFH o VEHENE L (R, SRS
flilhse, =« & LF 4R (BERci v -0
FRNRLR 84 5 WT9E-TAFD 61 FETIem R
&), WEEN624E2 H, p. 39.



16) #FEl#A, HIMIESE: "GN 2oL - 1) FEEN, BEHr A X -IrEARERT 5

25 ATFROER, =3 AF—, 20, (3) 74, r DR, 37 EERTEMERRSITH
(1987), FI4< L HRRALEFET. HT7E, WEfne2 46 A,

—154—



