Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan
PASJ2018 WEP061

J-PARC Main Ring &K AT LMD Machine Protection System =1&1t

THE SPEEDUP FOR THE MACHINE PROTECTION SYSTEM
ON THE RF ACCELERATING SYSTEM IN J-PARC MAIN RING

TR EN KRTIA N ZILRZ YD ERIZEEN JREE N, HIFEAN
EHAED |ASOED | ILRERD
Furusawa Masashi™), Chihiro Ohmori #, Yasuyuki Sugiyama *), Katsushi Hasegawa *)
Keigo Hara %, Masahito Yoshii®

Taihei Shimada ®), Fumihiko Tamura ®, Masanobu Yamamoto ®

A) High Energy Accelerator Research Organization, KEK
B) Japan Atomic Energy Agency, JAEA

Abstract

The Machine Protection System (MPS) of the Japan Proton Accelerator Research Complex (J-PARC) is consolidated
to abort a high intensity proton beam pulse to prevent unnecessary radio activation of accelerator components. By the
improvements of the first extraction (FX) device of the Main Ring (MR), it was recently able to abort the beam pulse
immediately in the FX when the MPS receives a failure signal of a device constituting the accelerator. Therefore, it is
necessary to speed up the MPS of each device consisting MR synchrotron. The RF System of J-PARC is controlled by
the ladder programs written in the Programmable Logic Controller (PLC). And a part of these works as the MPS. When
the system detects any failure signals, the corresponding system sequentially stops, and the failure information is
transferred to the main MPS system in the accelerator control system. In the case of the RF system, it was effective
shortening the program scan time by model update and optimizing the ladder program for the speed-up. We described the

outlines of the MPS of the RF system of J-PARC MR and how to speed up the system.
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Figure 1: MPS configuration of J-PARC RF.

Table 1: Monitoring Equipment by MPS

Monitoring
Final Amp. Cavity
PLC Other PLC signals
Final Amp.
Driver Amp. Driver Amp.
PLC
Anode PS Anode PS
PLC Inverter unit

2.2 Programmable Logic Controller (PLC)
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Figure 2: PLC (YOKOGAWA FA-M3).
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Table 2: PLC-CPU Using Currently and Subsequently

CPU Currently Subsequently
Final Amp. F3SP53-4S F3SP71-4S
Driver Amp. F3SP21-ON F3SP22-0S
Anode PS F3SP58-6S F3SP71-4S
Ts =Tc+Ta+Y,;Ti - Ci (1)

Ts: PLC &AD A X ¥ & A L

Tc : PLC, CPU OFESE G D H: i@ ML B EREH

Ta : BEIREEREIC X 2 B0 AL ER B

Ti: 1D 1 2% 0 OXLFREERT

Ci: i
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UHA L% Table 4 (ZRUT-, KECEFIEIE S T X
NAH7ar IOV TCIE, 3.2, 33 TOFEHATED, 7
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Figure 3: The TYPE-A ladder program.
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Figure 4: The TYPE-B ladder program.
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LT VBT SDER 43 D 2 FEIZH/3FHTE D, Table 3 T
W, NI CRITENDJE AL E L CTAF Y XA LD
SRRV ARl LT,

MODOS8  rreAp ) 1 DagooT | i H—7ar T AREPMOKEIRERL TREWE, &
W AD BTV 2 — VEDOFRDIREZ LE 2 b5,
L [ READ 3 3 _D0anng i _ o
! 1 ' ' LT, RF Y AFADEL/S MPS Ed{bD =121,
—{ READ ] 2 3_DO00003 | 1 HEIEIRAR D7 0 r 7 AR B P ETHH LU,
L[ READ | Pl 4 _D00004 | 1 Table 3: The Calculated Values of the PLC Scan-time
J{fmnuss AT ; T o] : Unit: us Te | Ta| XTi-Ci| Ts
Final F3SP53-4S 200 72 1213 1485
—— READ | | 2 _Doooo2_| 1 Amp. F3SP71-4S 65 25 735 825
*I READ | 2| 3| DO0003 | 1 Driver F3SP21-0N 500 56 1152 1708
Amp. F3SP22-0S 200 | 24 536 760
—— READ ]| 2 4_DO00004 | ! Anode F3SP58-6S | 200 | 36 145 381
PS F3SP71-4S 65 25 91 181

Table 4: The Calculated and Measured Values of the PLC
Scan-time

Unit: us Currently Subsequently
CV. | MV CV. [ MV.
Final Amp. F3SP53-4S F3SP71-4S
1485 | 1500 825 | 1000
Final Amp. F3SP53-4S F3SP76-7S3%
XTi « Ci 1213 [ 1220 735 [ 850
Driver Amp. F3SP21-0N F3SP22-0S
1708 [ 2000 760 | 500
Anode PS F3SP58-6S F3SP71-4S
381 | 400 181 [ 100

AKX Y A LBERE, —#F F3SP71-4S OfRHIZ, 7
07T LR D MHiED CPU BEFE F3SP76-7S 2 HL 7=,
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Figure 5: The comparison between D-registers and F-
registers.

Table 5: The Comparison between D-registers and F-
registers in the Final Amplifier Ladder Program
Unit: ps [Using D register [Using F register
[F3SP76-7S 850 850
3.3 READ B A ICED A v Z A LFIHEIZ OV T
Figure 3. Fig. 4 |ZFL#iOT X —7" 07T L Type-A.
Type-B % JH\ 72 READ i1y DEY 2 — VR A ICLD
AXp L H AL ETiCi DA% 3.1 IZFE# D F3SP76-7S
ZHWTRA L, f31C>WT Fig. 6 ([CRodLiz, #r
B&FETId READ Bt &l &D . B4 # 0 D AF v &
ALDY 50us/20 fEFREE CREMS DS HIBALT, #& B
IR 74 —7'1 77 5 Cld READ M 7% AD 2t
TV a—/b 3 DDA 8 IREEY 2 — 3 DA
4 A8, 3 36 fEFEHINTWAST-D, EL2— /LD
READ 4 A12 kY 100us O fE AR S5,
KREHEBHRERTZY — 7 v 70 THEHIRS
READ fi @it L., fa O/ B g R EIR 7 'ns
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R 72, READ i B fE A IS KD A v o A LD R
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Figure 6: The comparison between Type-A and Type-B.
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Table 6: The Comparison between Pre-existing and New
Program in the Final Amplifier

Unit: ps Pre-existing New

(Separate READ) (Unify READ)

F3SP76-7S 850 740

3.4 {EEEHIZLAAX YL AL

3.1 |ZFC#k D PLC, CPU FEFEHALEIZ LD, & BHETRSR
BRE) LR 2R . B MR EE IR HI I 7 1T DDA v 2 A
LRS-, £72 33 IS0 TH — 7 0T LD
. WBRIEEICIVKEIEIRERD v r 7 AA% v
VEA LRSI, AFEFERRTZ DT 0T AAT v
VAL DTEALD ELDONT Table 7 ([Zit#k LT, A lal%E
T DVEZEIZ L > T, PLC (ZkDMas B ok H R I
TRRATDRE/L—PNT 40~60%IZ S0, ARTEEE
LB RN 2 5Ltz

Table 7: The Summary of the Change in the RF MPS
Scan-time

The Signal-Transition Route Before | After | Ratio
[ms] | [ms] [%]
Cavity=Final Amp. 1.5 0.9 60
lAnode PS=Final Amp. 1.9 1.0 53
Driver Amp. =Final Amp. 3.5 1.4 40
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