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Design of Control System of Neutron Beam Shutters
for IMW Spallation Neutron Source at Japan Proton Accelerator Research Complex
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The 1-MW spallation neutron source constructed in the Materials & Life Science
Experimental Facility under the Japan Proton Accelerator Research Complex (J-PARC)
project provides neutrons available for variety of neutron scattering experiments conducted at
neutron instruments through neutron beam lines, where neutrons are produced by 3-GeV
proton induced spallation reactions in a mercury target followed by moderation through a
super-critical hydrogen moderator surrounded by a reflector. Neutron beam shutter systems
were installed at the neutron beam line to extract and/or shield neutrons. The shutter control
system was designed in order that users were able to open/close shutters at experimental halls
during a beam-time and facility’s personnel could move shutters for adjustment at vicinity of
neutron shutter drive mechanism room in maintenance period. It was also designed to keep
the primary condition that personnel was allowed to enter the instrument room when the
shutter was closed. This condition was integrated in the Personnel Protection System (PPS)
to secure the safety of personnel. Components were designed to enhance reliability of the
control system as follows: a shutter close position was detected by two kinds of devices of a
mechanical limit switch and a rotary encorder, and the power supply for the shutter system
was connected with an uninterruptible power supply (UPS) to prevent loss of signals in case

of a power failure.

Keywords: J-PARC, 1-MW Spallation Neutron Source, Neutron Beam Shutter System,
Control System Design, Personnel Protection System, Mechanical Limit Switch, Rotary
Encorder, UPS
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Fig. 1 Three-dimensional view of neutron source station and a neutron instrument room.
Proton beam is transported through a beam-line and injected horizontally on the mercury target at the

center of neutron source station.
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Fig. 2 Cross sectional view of neutron source station.
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Shutter local control [
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Operation Remote control
Open / Close PPS control panel
Local / Remote Shutter local panel
Reset/ Sitting control board
Emergency stop

Display:
Status
Warinings ’ ]
PPS signals

Display:
Status
Warinings
PPS signals

“ e Pl peliyire cable

o et PO Tinkandd LAN

BLI12) (BL13-23) ]

Shutter controller
Operation:
Open / Close Shutter Shutter Shutter

Display: controller controller controller
Status T EEEEEE]
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Loacl / Remote
Safety key

(BL1) (BL2) (BL3) (BL23)

Fig. 3 Concept of shutter control system.
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Table 1  Function of shutter local board, shutter controller and PPS control panel.
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Fig. 5 Illustration of layout of a shutter switch and an evacuation certification buttons.
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Permission) & EFT D,
2) SOP 55 DR

SOP I FEBY, [Ty v & —DOBREBIELZTFAI T2 (WICE X, s E~DOANELEE LT
A) | IRENE N EERT 2/HDIE S (make/break) ’Cﬂé%é‘ﬂéo Z ZC. make=Fn], break=2%%&
ETHDH, SOP 1T v v &— (FTHEFE—LT A M) ITUEIND,
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3) SOP 15 B DIk

SOP 1Ev ¥ v ¥ —HFRICHRE SN D F—DREB T T 5, F—IF2—F—DEAET TON]
& TOFF) MBIV BN 5H05, ON MITORBERFT O 1 v ZHREZRRIT 5, v v 7 BEREIE Y
¥y —RHATHD L E2—F—OERETHIRTE 2, FHMIL 3. 2 HOBIEFIHAZ RO Z &,

a) SOP=make coo F—RETONMTE v 7 DIREE

b) SOP=break coe T3 RERUISNOAREE (1 ARLL B3 OFF 72137 v e v 7)

3.4 PPS ¥MEL

HEFE—L T Y v X =V AT AZOWVWTIETOED T RSN S> TeBEEZ T, A%
—R Y7 VAT AL NHZERHR SIS, LA LeRE, MO ORKTLTO 280 O
RREASRRAL L7258, PPS BERFLR L LT FE— LD AFPMFIESND,

1) vy Z—nETRW], Ho, [SOP=break]

2) [Ty yZ—nHTRN], Bo, [5G EENHVTWS ]
PPS & v v X —HilfENZ IR T 5 A > ¥ —nr v 7 % Table 2 IZ/”" 9, T ZC, [Prohibition] &%
XF—NT ¥ v X —EERIZEE SN T, ORISR ERENPHOKRETH Y, [Permission] &I
X =NV v v X —BIEENOEPNTRETH Y | LR EREORMAICIZED & 220,

Table 2 PPS A v &% —1u v 7 5tIinde

Name Interlock
SOP make Interlock | break
1
Shutter not close <--- <--: close
Entrance to i o
instrument room prohibition v - Interlock_ _y | permission

3.6 V¥ v HA—MAEEDOLEL
1 HEMNDG B4R L7ZLOIT, [y v Z—IThHDZ LN hamES~DODANELT T
LW EHEL 225 Z LD ZOEFFITIEEVEEENER SN D, 20, vy v X —HE
5% PPS HilfHIAR BT 2 R MITMIER N D2 TEE/A (TEL) L, WHORERFEZNEET
DT ERSEME Ui, ERRRE LTSRS

D PAfERHICITY Iy NAASf v Fua—F ) —x=r a—XDEE5EFIH

2) v — VAR N O )b o —EAL

3)  m— Vil D PPS il £ COE S — 7 o ik

4) ki, CHEEOETERMTS 2L (ANDEEICLY TF) 235,
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3.6 Ty v A—{EMBEHMAN— AL v FORENE

Ty X EACE A LOSA . vy v X — SR TR S DR O BRENZE[E O K1
Peth CEFE) 32, EERRFICIX, v v v X —I13EEALE KV 50mm mWLEZ PAE & L, PAALE
£V 400 mm =ML IE A BALE & 92 400mm O A AT D, 2 2T, BALE TIEHR T E— A
O ZMERT 272D 5 mm OFFFEELZE 2 & & L, £z, fE B, BIicik b @iz

EIIAEEAE LY 500mm (PAMIE LY 450mm) THD, 7ok, FHETE—LT A 2 No. 16 (2B L
T, A he—7 #PHIXFEBEC 400mm TH DB, ETO2 KO —LT 4 U2 BT 720

EIXEFEME LY 250 mm OE I TH D,

X v A —EBRHOTEDDONN—K (Vv ) AL yFiE 3.5 HIZRLE T (=) |
u Oft, TER] & [FEE (=TFR) ) O&F 3 RICKRET D, 2 b ORENEREGX % Fig.

T, N RAA  FITHIE ERARROES & L, Z LSO ER O IT — R RO —
Yz a—Filkb, " RAAL v TFEKE 3 RE LZEBITLTICED

- ETFRR (BERM) MEEEEEBREL, N AL v TF T 5,

. Bﬁ{i%iPPS%‘/é?%m VI PHDERIZE D N—RAAL v F LT 5,

« BRI OIS O IRV IE TH D DT, TIRAE & ILHT 5,

- =R O R EAME L T2,
FERICEWE L2V v v X —I2BT D A A v FALEICOWVW T, BL16 LA OELE % Photo 13 (2,
BL16 f ®FL{# % Photo 14 (245 % /"3,

Upper limit (410 mm) LS on and warning Upper limit (160 mm)
Open position it o ot 5 ' it 5 i it i e e Open pOSitiOn A
(400::5mm) (1505 mm)
EPIET | AR IE Close position
LS Y (0 mm)
Close position . E _______ LS o E _______ Open position B
(0 mm) (-150£5 mm)

Sitting position, & a % @ Sitting position
(-50 mm) PR T PO P P ™ e e Sl S e —  (-250 mm)
LS on for sitting LS on for sitting

Shutters except for No.16 Shutter No.16

Fig. 6 Illustration of limit switch layout for detecting shutter positions.
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3.7 B —AfE M K OMRSFEED 3 g B~ ANZE TFE

B DN EHR 25 I LERSFHIIC S 2556 TH, OB EICAET L0, Y% v v ¥ —
ZZIUE—h] T—RNIUVEZDZ EDRAHRE D, FOHO TR X1 3. 2-2) HIZRT FIEIZ
X3,

3.8 ¥ v A —RSFIRFDOFHL X

R 705 38R 2 45 1k U 72 QRSP IR RR A OERR B K D 2 v v & —IRSFIEEZAT 9 56 O Fii
ZWZOWTCREIR T 5, ¥ v Z —DRSFIL 3 BED RABEZRIAR ) b v+ v v & —BRE)ZEE
FIZAELTT I, IRSHEEIZIT. v v & —BREE S OSSO 0 EEZ LDV K ) 70 )
B, RS, EBELACHRE W TeRIMRMERE L | vy v X —OWNEWZWEDT-DIZ ¥ v X —DHL
DML D KB EEn S5, Zh 2180 OIEERFO T X 2 DL PSR,

1) IR IRSEIE R O T &

Ty v 2 —BRENEE R TR PPS ICL D AREHEN 2SN TEY . B — 2% ARHIASE
MTERV, E—ARMEILL TS & EIZHRBEIEEERE Y ORSFEZITIHE. JHRICRDLT Y v &
=L Te—n) IOV EZ DT EEAHRET D, —FH. SHBMENORTFNRTE L5040 T
F—bh REETDHZETHD, B, Yy vy —HIHRTIEY Y v ¥ —Flle—L /) E—
FOUIWEEZ ZTEDLLI VAT AL L TNDEDT, BTFEITI VY v X —& RV 55565
FZRBRFIE, MO HEBRIZONWTIZY FT— FE—RICBWTAEL, TOMRSTEITHIZEH AT
EThD,

=72 L, UE— hE— RTIEE—LA@EEEF & FRRICERAR—ANEDY v v 2 —BHAEIED AT
RECTHD, I T, RSFRGLUSND Y v v H =N ¥ v X —FfE#ED b ORMBIERSIC L - T
FEL, ZHPERETES B2, Py v 2 —BREEEEEORST B2 E I E
HIZE) BEAETHZ LRG0, HlflEO PPS =X —4EEIC [V vy v & — U F— AR
AA v FEFHTDHI L LI, TOAAL v FHNICTDHE, BEBRE—ILDYU v v X —BERENS
DFIBAENENC /2 D, RATFFRFCIZ S v v 2 —BHEIERARE, QL ERZITORNWI Lnb, 2
DAL v FH Mz TEBL—F—OIFEIT /6720 EHIEr L7,

2)  BUEDO R E T RSFIEFERED Fioe &

V¥ v A =T uy 7 ZRONT LD RBBEOREWVRTE T H5EICH, vn—h1 ) (280 %
ABHZEHAHRLET D, ZOLEITHIEHROMN ERET 52 L%, E—AMFIERF TS PPS 2 F
BhETHRMREGEZEATHZ L ThHD, vy vy ¥ —7ry 7 ORI LI, FE S ORI
BTHDHV Iy A yTFROZva—XFWVEIns, ZoLE, Y% yv¥—iX Ta—7
V| THDHIZD, PPS A X —1 v 7 B SOP I make TH D, LIz -> T, OHERE~D AR
BAMICREIEENTERY, 7 L—F 00 OMSHIIC X 2872 &b &0 —F—DL 2Tk
Ihd,
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4. ERA

4.1 [FIFERBIT 5> v v X —DBEH

Ty oy X — OB IR (7 — A VIR (X, B 1 ERRER —L 12 5 & P 2 EERAR—
/vnﬁ@%ﬂ%ﬂlﬁfofﬁﬁéﬂéoV?Vﬁ*ﬁ@ﬁ%*ﬁi@%f%%@@%®%®
FREL, 12 BFEE 11 BETO Y Y v X —O[RIREERE) & AR 5% 0w 2 ek L7256, il
%EHT@<Lﬁ@%ﬁ&W(E%ﬁ\7%7w\b?yzﬁE)ﬁk%@%mgﬁémf\H
ReBREN R A% 23 5 (B 6 &) IZHIR L., RIEOEEIEIT o7, FRFBREEOHIRIZY 7
ENAS T

4,2 IHZEEIR L O
fi AR B 1 /?/5 %@ﬁuﬁﬁéﬂé BIRAENT (58 BHE) L7zgs, BEShD
LRI L TR OMUNIKHGEN TE D X 9 ICEBFREHK Li-, LTI ﬁm%%&mnu
HERT,

1) (EEPIXEENOREZ R L, HELO BRI TDR,

2) v%ya%ysz_@mbt@%?%%t%A%t@@wo

3) V¥ vH—IBEIIMNLIe Yy s T 5,

4) EERES PPSITxT 5 v v & —(LEAE S kR T 5,

FREL72E3 DEEOE DHICKHET 2720, $ilH =R 4 s E R (UPS) % Lﬁmﬁéo_@
UPS 1% PPS #s N i S D b D&M 5 2 & & L, BIRO(EHEM:Z PPS #ay FEOHLD L
L7z, Fig. 7 IZEROHMAZ T, FRHIE DHEICBEHL T, v v v ¥ —HC ”ﬁ%% L0
Bt AT D & PPSMAITIT L ARG (72—t —7) O [PTRV L2,
BRIZ, DHEBIZADBAS TWDRFHIZZ DFERNEZ 5 &, PPS B3R T 5, (Table 1L.ZH) =

ﬁAi%f% “GRERT Th D, PAHTCPPS AEE S OAFEEAB LTS LT, filHE
ﬁ%ms%ﬁﬁaﬁmﬁé LITRGE FHEEREHATH D,

(Sommercial | (" ups | ers Controller
Power Source Ot :

Shutter Local Controller

——— [ Limit Switch
Controll Circuit C (Mechanical Switch)

i S
_ A Detector
E (Rotary Encoder)

Detection Circuit
[
|

= ‘l Motor Drive Circuit |——{ Motor |

Fig. 7 Composition of power supply
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5. Uy v X —iEIROREER L T o —

AT E TSRO L2 f ORGSR - b2 aE L. vy v ¥ = RkE T —VF—FIHIC
e 2fREE (TUE— R, Key:0n) ZHIHPREE “State 17 & LT, =—¥—I2 L HBHMAERIE. 2
HEREA~DA «GRE, R5F (Ta—hv)) REICBT2EERICEHL T, 2 ToEXLNDIHELL
KIETHE—R (m—H,/ VE—1), SOPEHDIREE, F—DIRRBIZHOWT Fig. 8ICEL®
Too OB, BIERITEENIAE LIZGE L ERIC L VIFIE LG AEORE LG L, IREER
Kizgdl-, 72, T— NUBEREFEOLETOMIOIREL EDT- 71 —% Fig. 9 XTOV10 1277,

1 PRSFRE (BERRM) OEEICx T 2 IREER L 7 —

FEFRAUN S T 9~ 5 PR5F « FHECEISFFOIRREDER L, E— % [v— ) (280 2 721%,
PARLIE (State-3) ZEm &35 &, BHALE (State-b) FIIHMLEME~DEIEState-13)IE T
\ZHEE (State-11) D3V DD D, FHIRETIRENE UGG DOIREL S 4| State-3a K}
State-ba T/R{, F7o. ¥ v ¥ —HEARIER, ([LEME~DOEIEFIZONT, £ TOEIROK
ex & Hiz7u—% Fig. 11~15 (TR,

2) o — W —IC L 5B T D REERE & 7 n—

=PI X DA EICK T 2 IREBOERIL, v v ¥ —PBfL#E (State-1) 7225 BAEIEICE
179 24K (State-2) Z#ET, v v ¥ —BAIRAE (State-6) DIEFICHED, K4 DIKFET, 15
WAL LTSS (State-la, 2a KN 6a) (ZEFOREBLZRFFT HRAEZ R L TWD, £z,
SMOBH TERNBRLI-EEIT, —H, a—h)v) £— NIz, JBIRPZED R b £
TIFHERRANEL OMERN ER LN D Z L2 BERL TS, 22— =0Ty v X —BEEL1T O
Bt DR TORIEDOIREEZ & -7 v —% Fig. 16 12777,

3) HHEA~DNIBR T mt Rk ok EER L 70—

2P RNSNERIC NIBE T AR a2 % (State-1) 75 State-7,8,9 124, [UE
— k) E=FTH->T, SOP=Break &72%, HHAE~DANIBEIZEHT 22 TOMGROIREL S
W7 e —X% Fig. 17 XV 18 121,
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6. &

WV - AR AR FERR R O 1MW BRI IR ISR E T D 23 RO E— AT v v X — Dl
HRIZOWT, o= ViliEEE, v v 2 —#FE RO PPS £ =2 —4EE THRT 5V AT L%
MR LT, REEROREIL. LTD LB Th b,

=P =PEBRPIC ¥ v X PR TY v X —ORMAEMEZIT O LA TED L O
FIEM: 2 (X > 72,

NHIRFE R (PPS) 2 HE) S LR LR T D720, D EN D2 —F =025 2 &
vy X —BBEORTHRSE LR E LT,

SINAREORB RIS D720 D SOPIE 5 2B A LTz, Z 2T, SOP DIFZ I mEas=m~D
A BEICHWD X —DFA - BEIC LV REIE D,

T, VY v X—EFIEIPPS A v F—a v I DR ER LR DHDOT, VIv AL vTF L
—H )= a—XZEiD R KT (M EEE2RAESE, BLIBEERLBEL. MEOES
RIS DL TREHELEOL, S5, EEILRo7 L ZITPPS ITHT HHE B DOEF %
REETHRMEAELRWE DT, FIHERAZ EEEERICHE L CEFRMEEZ MR 2 & L
77

W, BERORUEIZRB WL, PV Y v X —E =AY AT AL LTy y v ¥ b n—
T VAR £ CORPHORNEEZFTUN, PPS VAT ARV v v X — B IIWE - AR ER
MR DEIEH S 2T A RRO—BRE U CEfF L7z, THETIE, T OMEBNCERYE U - Hil#E R i
e L. BRMOIERR AT o 72, TORE, iR OREEfENTEL5 2 &, PPS 17
R L S, IEEAREE LB N = X — A I E RSN D D L AR LT,
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G

AEOY v v Z —HIEROBRFHIH D . HIERER ORI L TR RIS 2 THW b ol

R EMIER (- AE R . D FARER. KOMES E - e T eV a

iz

WEERLET, 2. WEEBKO Y 0 —OMRGFHIWH I L CIEE SR O /ERRIZ B

o THEE LEKEHAIK (Bl - WEEL ICEREHLET, 612, REFONEIZHONT
L a—L, RiklCE A S & TH 2, J-PARC ORI B3 2 Bl S 2 B2

(Neutron Source Technical Advisory Committee: N-TAC) D Z H T& 5. GBauer, T.Bloome,
J.Carpenter, H.Heyck, TMcManamy, & F# O KIZE #ItLE L EiFE9,

1)

2)

3)

4)

2 R
A AR IWFFERT « i L X — DR A oA 2L R HEE T — A | TR [ IR AR 5T | |
JAERI-Tech 2000-003 (2000).
WE - AmPEERERER T — A, [RBER ISR T2 & WE - Ay
B it s e B A% 3 ) . JAERI-Tech 2004-001 (2004).
AN, SEE e, @ oA, drSaEsh, FEDF-. TRIRE G IEERE I 2 36 1) 2 B2 h
R MR D 2V 7 WG B 2 153 ) . JAERI-Tech 2002-035 (2002).
AT B, BRI, TR RGN g 5N 35 1 2 Bl h MR 0> 3 Wkl &t 1 .
JAERI-Tech 2003-010 (2003).
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(Shutter local control board)
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(Neutron beam shutter system in
neutron shutter drive mechanism

¥/ room)

Photo 1 Large components handling room.
Some of shielding blocks is removed, so that neutron shutter drive mechanism room is viewed from

upward. Proton beam comes to the target station from upward in the picture.
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(Shutter local control board)

Photo 2 Large components handling room.

All shielding blocks are set over the neutron shutter drive mechanism room.
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Photo 3 No.1 experimental hall (As of October, 2007).
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Photo 4  Shutter local control board.
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Photo 5 Local/Remote switches on shutter local control board.
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Photo 6 Display/Operation panel on shutter local control board.
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(Door controller)

Photo 7  Entrance of neutron instrument No.10 (as of October, 2007).

Accelerators oré Stopped

Photo 8 Panic and search buttons in neutron instrument room No.10.
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Photo 9 Shutter controller.

Photo 10 Door controller.
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Photo 11  PPS control unit in MLF control room.
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Photo 12 Inside of PPS control panel.
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Photo 13 Mechanical limit switch layout at the shutter drive mechanism for beam-line No.1.
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Photo 14 Mechanical limit switch layout at the shutter drive mechanism for beam-line No.16.
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