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Stabilization and Ripple compensation of
the main ring power supply

for AC line:  Harmonic filter
Reactive power compensator

for DC line: AVR
ACR
Repetitive Control of Current Deviation
APPS tuning
DC low pass filter
DC active filter

Very high accuracy tracking and stability ( 104 )
was achieved using several control systems complex,
especially using a repetitive control method, in spite of
pulse operating high power supply with high inductance
load. Ripple is reduced by filter systems and APPS tuning.

(105 - 10-6)



e

nEIN 1S4kV ‘.A‘{,
O, = i
PROTRA
25MVA 1SOMVA
- 20 § L= ) §
3N == ﬁ »
— 1 12GeV-PS%% & A X
¥ & |&] |F
HBHEHERE
L * 3 M "";ﬁ:—:—
— 86kV
PSR T T 1
TR s B R T J-PARCEZ FERHEX ()
r532 r552 r352 || r3b2
1 I
NO. 1432 6. 6kV BREH
T s
x| [2] [3] [o] [o : @ E HlE el 154KV 50Hz 1R
] n 1 F D - s 4 11 I} : *
HBEBEBHBH H R ENOUT—RGE i :
HENEHRERE o 22 | 110MVA 110MVA !
a U = L = | 154kV / 66k 154kV / 66kV !
: J
RS IRER (M3) |mea ,_-E‘:::::::::::: 2t e s e e s e s 2 e e G o e e o o
Rtk L S 50GeVZ—H 1] H g g E B
E sis|s|s|s|s|s|s|s ! E 1
B s|8|7]|9|n |z::em! : :
PHEIRP BRI ¥, ; ’ -
: EE EEREEELE (msw V% (> . e ()
: 2* g5 %3 | Tsomva ! ) e )
; 7 s3] 7 T 3 E 66kV / 22kV i
® > : z2{ 1z} > > E|§§ S
" E - E TR T : : PRz PR
7‘J g ;ﬁ: P : MR SZ;’& ! g S Sy
ETE3 e X & [ 25MVA { UZ7vIES NoTIWNE
i - :%ﬁ}’égﬁ"f 66KV / 6.6kV !
n n @ 1 SEAR o P
L] . L
» 8 : : S1% S3% :
T T \ 25MVA 30MVA I
B2Tz * X |Figure I: P SBURERSERRS 66kV [ 6.6V GOKV/6.6kV
{ \~ o



3% 50Hz : Pm+]Qm

66kY V. s %
XU VGG Xtr Pm*]AQ : 6.6|(V ; }'m_—] MR MAG
lv 1 Mte vlv g PS
AVes “JQc 016 W J
= r e g T Lo s ey evte oo s
“ | ‘ Q ‘ 1’
HlaY - 2-80A |,
T g, —laVl—111 sysT. |
| FB
-20MVar }ES{ J I
: | 16MVar FB
R
L 22
wL i FORCING | |
+
T [amver }- |
IGNIT.
| CONTROL l
B % S e SNSRI e e ]
. Current 12GeV-PSDIEE
¥ Av.8MW &EHE
.? Voltage Peak 20MW, Av ENENHEE
; AV@6.6ky 1 ° — V=L-dldt + IR
AV@GGkV v e i
e \
Q ——/L_—l AR foos /
Vor V time S \
Q
o =
Var fime e
.
. PR [
Var time
ot AV= AQ-x+ AP-r
= AQ-x

time



50 GeV — MR Required Power

120

e Peak Power 110 MW, -60 MW

e Amplitude 170 MW 80
* Repetision 3.42 sec >
« Operaion Cycle ~ 108 cycles £
(20Years) ;%
2
« Compensated Power a0
P~55MWx1sec/2~30MJ 2
« AC Loss Considered o

1/2 ~ 1/3 power will discharge - . :
-80
E~60~100 MJ 0 1 2 3 4

})
AV=AP + R+AQ * X secC



50 GeV-PSEIRE

S0GeV-PE Power for Various Pattern Power Amplitule
150 e e e e 150

Fower|[MTW} 160

140

a0

100' ..... it'"'q.?""é""g_éo-ocoé.

an |.. o gwg ...............

a0 80 Joeviann

40 : H : : H
a3 30 35 40 43 a0 a9

FT Energy (GeWV)

EWakid=

-100 |

SR 2 100 MW%#8 2 % &R #fI
HARUEDEENES

a:30GeV. b:40GeV, c:50GeV, f:30GeV-2F) EHA. g:30GeV-1.67) FH—1F> E HA
h:40GeV-1.8F¥EHA. d.e:a,bEFTO A EhEL



50 GeV-PS EREH LT HHE(E

o TRl iR A =X
2 7 % el | VN
SMES

66KV Main Power Line

22kV Power Line

E VCB E VCB

ot (a)

Other Use

Power Supplies for the J-PARC

Main Ring Magnets

66kV Mam Power Line

7~ 22kV Power Lne
I E VCB \'(."B
|

(A) )
“ Other Uge

Power Supplies for the T-PARC
Main Ring Magnets

]
Controller

Cycloconverter l

Flywheel _J

Fly Wheel
(JHF Original)



BEYI OEBEH I LOTERR Rl = = =1 - N =
e AR E{ERIAR@E R B R EMR
\ [ K | iliu?)ijy{; % A & E A nI m In Eg’ F
i ‘ s‘jcgitijjj/f: I 19.2MJ
giﬁi;gm 1@&”wh; - BHEEI AN, . . .
EXSEER 930A : / ] i ;
EREGR AN MNBE 3kV » [ 1 ] b
EREREMESEINBE B6kV : ' r . "
ENCRCE R BRIt T 12 pr-mmmmmmmroome Jemmmmmmesasmmna R Jem-ccasmenveres CRREEELEERR SRR " T Ll e
E K OB OE M 5sec g 4 '
o | ' » N
20MJ SMES 2| | [ g i 0 I .
DCU7 o b — — ' . :
BN ' . :
stanE 0. W FR— L R . L A S T S | -
~ ‘ 7
© ! 5
3 - "
O 6 MG L 1WAt R T - & S « T
Q :
S
P F R T et EEEEE AR R LR EEEE b iiibiuiels Miuiebabiabiel 'Mhe i 104 . Aol SISt M
(& = ,
< ——— Fluctuating load P[MW] ‘
2 e §6/ 11V transformer, P(MW] (load fluctuation cormpensation) G
——— 66/ 11KV transformer,P[MW)] (without load fluctuation compensation) i
0 -
0 10 20 30 40 50 60
Time [second]

Fig.3 Load fluctuation compensation of the SMES
= B LT

i
i
i
i
|
1
1
1
i
i
i
1
1

e . EOTANE Lo
————— BHZRL AT L —

O TR HHHASMES T B
EXEE] A

mhzmmE 0 ©
CIGEEREA | GCT(6kv-6kA)

BEIZOAI




OBEE R Z A\ \-BEIFEEE T MEXRE (SMES)

ERIRNF—EHSIRIIF—ELTHRETDINENLATLA ]

BEEHMEAVTER IR X— B 5SS ENITEEEE (SMES)
AENRFHRARLIE Cr—THRASHBIITER) ICHEL. &%

RERAHEE LD HTIOMVADSMESICEBHEREEDTVET,

,/ < 2

BHEMESMES D15 ‘

@ ILE—EOBREMR,IRIRREXEHAN
OFHIRKEREE5/-HDERBH DR
(REEERAKRES RN, TEFTAERE)

@ AT LDEE
@) TF AEDOHE L
(MR R R DRI LSV AROER) = _—
OBHEMHESMES > R T LDHE
Q@I IEEHET @EEE 1)
sk o mE JEDRPIAEEIR S
= B =m g E5% 1,400A
: B & & B 6.6kV
e 1L 5 L 20.7MJ
E 4 9w = 4.47
L7 . v  (O¥T - KaEmE)
. E = 5M2:0.94m /= :1.53m 990993393388 [ism




e e
/7 (—F—

AN FI N

rdl A ﬂ _____ = |

@®10MVA-10MJ OSMESL 27 LICK DBHEHEESERER

RERRSMESEA T FFELERR:200459H24H19:55

R 2 EEIC S DT TRKVEABIRHRE (B2 © G- i fEiE—~ 1 E#2 P 0)
10MVA (UIEBHEARAL)
‘ CRIRBERA) )

oo : WYNEENREEEY
1T | (T \

E

EREAGESN

6.6kV 30

IR - el B
17294 VAT

EX®IBBE

149147 ILUA




Frequency (Hz)

18.0
9.0

Output of
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The en Control room Electrical room Cooling tower Power transformers  Capacitor banks

The ca

« DC/U
* Four
* Only

syst

Capacitor banks
- BkV Dry capacitor
- Polypropylene mei
- OQOutdoor containe @
- 0.247F per bank, TESSESIEES
- 1DC fuse
- 1earthing switch
- 3 MJ stored per bank

60 tons of capacitors divided in
6 capacitor banks making in total 18.5MJ

oce

Up to 14MJ can be extracted during a cycle!

The capacitors represent 20% of the total system cost.

SRR I F-V

CERN (Jean-Paul Burnet)



X v /N X STHR&D  J-PARC (k)

# of i " | Bank Cap. t‘lsf oo # of Weight | Volume
P.S. (mF) feta Bank Cap. | (kg)

BM1-6 12 414 306 138 102 7560 1134
QDN . 180 120 60 40 3200 48.0
QDX 2 93 63 31 21 1660 24.9
QFN 2 153 96 51 32 2680 40.2
QFX 2 192 84 44 28 2320 34.8
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HISTORY OF THE STUDIES FOR ENERGY STORAGE SYSTEM AT KEK

1970's - 100KJ SMES Experiment.
» 3MJ SMES Coil Design.

* Collaboration with Wisconsin University.

1997-2002 * Visit to ROTES at Okinawa.
KEK Director Support | = 7SKW-FW experiment.

Japan Society for the * Collaboration with Okayama University.

Promotion of Science

2003-2006 » Studies of SMES for J-PARC 50GeV-PS.
Collaboration with » Studies of SMES for Medical Accelerator.
Univ. & RASMES = 10KJ-SMES simulation Experiment.

At this Present * POP Experiment of Capacitor System.

* Studies of SMES for 30GeV Rapid Cycle

Operation of J-PARC PS.
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100 KJ SUPERCONDUCTING COIL ENERGY STORAGE
M.Masuda, T.Shintomi, S.Matsumoto, H.Sato and A.Kabe, Proc. of the 6th Int. Conf. of
Mag. Tech., 1977, p.254

3-MJ MAGNET FOR SUPERCONDUCTIVE ENERGY STRAGE
T.Shintomi, M.Masuda, H.Sato and K.Asaji, Advances in cryogenic Engineering,
25(1980)98-104

M.Masuda et al., Proceedings of the 1st Meeting of Superconductive Coil Energy Storage,
Tsukuba, January 29, 1977 (in Japanese), KEK-77-6 June 1977

M.Masuda et al., Proceedings of the 2nd Meeting of Superconductive Coil Energy Storage,
Tsukuba, February, 17-18, 1978 (partially in English), KEK-78-26 February, 1979 A
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Fa o0V NEFREBERRE LR

A KEK KEK/JAEA CERN
x4 12GeV-PS J-PARC PS SPS
2R L (s) 2.5-4.0 3.64 2.5 8.94
Piota (MW) 23.6 105 40 152
BB (kV) 154/66/6.6 66/22/6.6 130/18 400-18
400/66/18

Comments 20MVA SVC 7MW -Motor

Shut down at 90MVA FW

March 2006 (233MJ) —>

LHC A 5128

Capacitor18.5MJ

The 10 Bev proton synchrotron of the Academy of Sciences USSR

V. L. Veksler et.al,

The Soviet Journal of Atomic Energy 1956, Volume 1, Issue 4, pp 469-478
Max. Power;140MVA, Max. Current;12.8kA, Max. Vol.;11kV
4BDT T A RA —)V



5 BNL FNAL
R4 Booster AGS MI SF-MR
#EYIRL (s) 0.13-1.1 1.4-3.0 2.9 2
Pyoga (MW) 12 50 11.9 198
70

ZEBE (kV) 138/69/13.6 138/69/13.6 13.8 13.8
Comments OMJ MG (34MJ Harmonic

MG) —> Filter

HiZEMES
AT GSI Medical Use
nsESE 4 SIS-18 SIS-100 | SIs-300 |Machine in Japan
#eYIRL (s) 0.25 1.2 14
P.otal (MW) 30 43 34 2.6
ZBEE (kV) 200 110/20 110/20 6.6
Future 330

Comments BB NESS
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INEES IS FADOSMESDR1E

Small-scale SMES

° Hﬁ 1‘& Hq * Power system stabilization
107k * Load fluctuation comopensation
— ~1 MJ * Frequency control

100+
Micro SMES
. EBBFHN S|
SIS ~ | * Load fluctuation
- '%7"&3@ Lﬁﬁ compensation

* Load leveling
* Diurnal storage

(small power)

Large-scale SMES}

— <10 %
— B MJ ~ 8+ M

104

Medium-scale SMES
* Multi-purpose use
¢ Dispersed load leveling

103

Maximum output power (kW)

102

108 102 101/ 1 10 102 103 10* 109

E= F s 25 A
SMES

10

J-PARCH

SMES

Maximum stored energy (kWh)
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Mega-Solar Facilities in Japan (2012)
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Wind Fan Generator Facilities in Japan (2011 March,NEDO)
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