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About KOMAC

= Operation Status

Interlock System

= Summary
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 KOMAC site
450 m(L) X 400 m(W)
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Seoul-Busan
Expressway
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Main Facility of KOMAC Kouac

N o . - Site: 180,000 m?
= A b 1" Building : 39,000 m?

A

" Electricity : 154 kV, 20 MVA §
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Linac and Beam Lines

Features of KOMAC 100MeV linac Output Energy (MeV) 20 100
@ 50-keV Injector (lon source + LEBT) Max. Peak Beam Current (mA) | 1~20 1~20
@ 3-MeV RFQ (4-vane type) Max. Beam Duty (%) 24 8
@ 20 & 100-MeV DTL Avg. Beam Current (mA) 0.1~48 | 01~1.6
@ RF Frequency : 350 MHz Pulse Length (ms) 01~2 |0.1~1.33
@ Beam Extractions at 20 or 100 MeV Max. Repetition Rate (Hz) 120 60
@ 5 Beamlines for 20 MeV & 100 MeV Max. Avg. Beam Power (kW) 96 160

e 3 Tii—iii~.i'»" —
, Linac "‘""'!"""
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RI Production
Under construction

100 MeV Beam ' 20 MeV Beam

Under operation Under operation ME,.I.I-HL'ﬂ

© Beam power increase goes with target room preparation
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100-MeV Linac

@ Linac and beam lines : i

@ Tunnel : 100 m

@ 100-MeV linac : 75 m S

@ HPRF and cooling system : installed in [20d
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N KOMACG
Target Room foMAC

@ 2 beam lines and 2 target rooms are mstalled and in services

-1 for 20 MeV, 1 for 100 MeV
@ Irradiation: in air through 0.5-mm Al-Be alloy window

TR103 for 100 MeV

Beam line Target room
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\\\\\\\\\\ KOMAC

Control Room & Operator
p——

@ EPICS based control system

= Accelerator / Utilities / PSIS /| RMS are controlled in the main control room

@ Operators : 2 for accelerator, 2 for beam service in target room




Beam Test N KOMAC

RFQ output beam e 54

————————

S —

@ Goal : 10-kW beam @ 100 MeV

@ Achieved 10-kW beam in August 2014:
550us, 10Hz

@ Normal operation with 10-kW is to start 20 MeV output beam

- L] - - L Measus Pt:pkpkiC1l P2meaniC2) P3:meaniC3) P4:meaniC4) P3Rescale(P1) P6RescalelP2) PT:-RescalelP3) P8:Rescale(P4)
with revision of operation license e i e B B
status v v

13

File  Vertical Timebase Trigger Display

Cursors  Measure Math  Analysis  Utilities  Help u se  Trigger Display Cursors Measure Math  Analysis  Ufilities Help

— -

100 MeV output beam 10 Hz beam operation

o - A
P2: ean P3:mean(C3) ‘mean{C4) Pafreq{C4) PE:freq(C1) Measure P1:mean(C1) PZ:mean{C2) P3:mean(C3) P4:mean(C4) P5:freq(C4) PB:freq(C1)
value 222 08 mV ny m value -292 pv - <1.5my -2m
status u S status v k13

Timebase -264 rigger E-
100 mvidiv

-101.000 mV

200 psic ormal Jm my
100kS 50 MSis|Edg

100 mvidiv

-101.0 mv
67 # 56 #

LeCroy 8/28/2014 3:01:58 PM
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Summary of Operation History

~ Beam Service (7/22)

Maintenance Maintenance Maintenance

@ Operation plan : Weekly based Sl | e Ul |
@ Beam service : Monday ~ Friday izt [

i
5
——
i
3

«» 2014 : Normal operation

Maintenance | ‘ Maintenance . Maintenance Maintenance Mainten?nce Maintenance
) | i
[ | 1l < > | ‘

f——»
ﬂ

: : @ RF Operation time and Availability
% 2015 first half period

ey
) ' M, .

1 vy e e s y—— vy A R
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- Year Goal Achieved
5| 5| Maintenance ’ Rartenangs \ Neregeree 2013 2000 hr/ - 2290 hr / 82%
- I g i
= r | 2014 2500 hr/85% 2863 hr/ 86.3%
! jl 2015 2800 hr/88% 1368 hr/88.4 %
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Downtime Distributions in 2013

@ Down time in beam service : 94.7 hours

= DTL/RF : arcing at the power coupler
= Modulator : IGBT blast, controller malfunction
= Utility : radiation shielding door failure
: water leakage from fire extinguishing system
: cooling system shut down from electrical power failure

Initial RF condition

Downtime statistics
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@ Down time in beam service : 111.2 hours

= |on source : magnetron fault, HV switch fault, solenoid power supply fault
= DTL/RF : DTL vacuum (RF arc at slug tuner)
= RCCS : Flow rate of QMP, 3-way valve fault
= Utility : Shielding door failure
: Sample transfer device fault at target room

Downtime in 2014 [%]

Control
0.5%

Downtime statistics m
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Downtime Distributions in 2015 \\
—— —

@ Down time in beam service : 46.6 hours (Accumulation : 252.5 hours)
= |on source : magnetron fault, beam current instability
= DTL/RF : 20MeV DTL QM failure
= Modulator : IGBT blast
= Utility : Shielding door failure

Downtime in 2015 [%]

Modulator
4%

® Modulator
Elon source
=Vacuum
mRCCS
mDTL/RF

= Utility

Downtime statistics
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Accelerator Downtime | comac

———————

@ Utility
= Equipment wet at klystron gallery
= Cooling pump shut down
= Radiation shielding door failure

@ Modulator
= |GBT blasting
= Controller failure
= SCR firing circuit failure
»  QOil pump failure

@ DTL/RF
= RF arcing at a power coupler
* RF arcing at a slug tuner of DTL tank
» Dividing resistor failure for klystron

@ lon source
= Solenoid failure
» High voltage switch failure Burned O-rig
= Electro-magnetic power supply failure metal piece
Cooling unit of 1st modulator

(C‘ L TrEX oY
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How to Reduce Downtime | \\ fanac
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@ MPS (Machine Protection System)
= Preparing a reliable MPS
- Monitor machine operations
- Protects machine from beam damages

= Minimize machine downtime

@ Management Tools
= Management of items and spare parts
- Reduction of repair time
= Communication Messenger between operators and beam users

- Deliver accurate information

L TIRUX|RoIY @
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MPS Goals : \\\\\\\\ KOMAC
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@ Reduce downtime and increase availability

@ Save time and money
@ Protection for the entire machine against failures
= Safely switch off or reduce beam and RF in case of failures
@ Interface to RF interlock systems and injectors
= Combination with the beam loss and position monitors
@ Microsecond response times
= Very fast response is required

@ Monitor and control beam and subsystems

o
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@ List of interlock sensor

Klystron (heater, magnet, ion pump)

High-power
Low level RF
RF source
Waveguide (circulator, RF window arc)
Cavity (vacuum, RF arc)
RF cavity
Cooling water (flow rate, temperature, RCCS, wall cooling)
High-voltage Equipment fault
power supply Personnel fault
Beam Beam loss, position
Fast closing valve
Beam line

Safety block

Korea Atomic Energy Research Institute %_?_l—c',_}- 0." |_-| x | JJHJJE_%}. S;._}joj ?_'lz,"él' éu



MPS Design | \\\ foMAC

@ Hardwired interlock system for the 100 MeV Machine

=  Will shut off the beam at the ion source and RF power
@ Connected to EPICS control system to monitor the MPS status
» Interlock box (8 CH, 10V DC) 16 sets (RF 12 sets, Beam 3 sets, IS 1 set)

= Monitoring and Control (remote reset / auto or normal reset)

RF window Arc Low

Klystron window Arc Vacuum .
Circulator

Arc detector

8 CH
status

MPS History

Server interlock

KOMAC
Control
System

MPS Sequence
Server .
or Normal Klystron (for, rev) Gate (timing) LLRF Analog

Cavity (for, rev)

T — - -
L srmaiximioina
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MPS Unit \\\\\\\ KOMAC
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@ Local interlock system

= Analog modules like comparators and latches, an auto-reset module, a
voltage standing wave ratio (VSWR) module for only the RF interlock unit,

and a power supply

Yellow : input (fault) ! '

Red | : interlock output
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! ! i " !
Measure Pimean(C1) P2mean(C2) P3:mean(C3) Pad:mean(C PS--- PG~
value 4391V 904 mV 497 W 706 v

status v
IC1

Local Interlock system
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MPS Configuration

@ Local interlock boxes are installed into each klystron and RF rack of klystron galley
@ Local MPSs collect signals from various fault sensors and report to a I/S MPS

= To prevent a beam when a device failure is activated

Klystron ion pump

Modulator1 | <—

Modulator 4 | ¢ Modulator 3 Modulator 2
PLC ‘ PLC PLC PLC ‘ Heater V/IA
RF interlock D

Klystron magnet

RF window Arc
Klystron window Arc

Interlock Interlock Interlock Interlock Interlock Interlock
Box Box Box Box Box Box
MEBT2 MEBT1 RF2x RFQ

Interlock Interlock Interlock Interlock
Box Box Box Box
RF105 RF104 RF103

Interlock
Box Box
RF107 RF106

Interlock

Fast closing valve (3)

Interlock
Safety block Magnet current

Box ‘
Microwave power

Beam line P/S BL 100MeV
BLM of beamline (2) Vacuum
Interlock
BLM at Linac (8) Box l l l
BLM-linac
Fast closing valve (3) Interlock
Safety block iiaiteres Ionigx rce ton ;7$u e
u

Beam line P/S
BLM of beamline (2)

Box
BL 20MeV

(SSR)

) (19

Claans A=) _ —_ -
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MPS Screen AN KO MAC
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@ Alarm and interlock screen

CSS - O x

@ inter.opi &2 l =1
B EAM O F F i Interlock Status |

RFQ DTL20 101 102 103 104 105 106 107 BL20 BL100

RF | = | .

kiystron il | =
Modulator

Cooling A =
Magnet Ps
Beam - -

vacuum (I

il main.opi ‘Euintcrz.cpi 3 ‘ EN=)

s = RFQ Klystron Interlock Status
e — R — ] | T

!Ho EHI E#iE#! HT Enn RESET !na EI‘M EHB EHG EHT Il!s!! !Hl EH‘ EHD E"' EH7 uszg

= DTL101 Klystron Interlock Status m DTL101 RF Interlock Status

fcvo lca| pawa paw . coua (e cwr|  maser | v s ) s o B e jcn)  meser |

HO CH1 M#: #2 | HT CHS CH6 CH7 RESET HO CH1 CH2 CH3 CH4 CH5 CH6& CH7 RESET

= DTL 103 Klystron Interlock Status m DTL 103 RF Interlock Status

mmmmmmmm meser | lcnoljcnal icna lensl[cnal[cns|[enellenr|  meser |

: I, e e |=_|Ic_l neace | S A I A IS R neer |
% i i i e i ] i el ] o i e i e |
: maser | (N R R RN RN IO .o |

CSS Alarm and history system Interlock monitoring screen
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How to Reduce Downtime | \\ fanac

@ MPS (Machine Protection System)
= Preparing a reliable MPS

- Monitor machine operations
- Protects machine from beam damages

= Minimize machine downtime

@ Management Tools
= Management of items and spare parts
- Reduction of repair time
= Communication Messenger between operators and beam users

- Deliver accurate information

W)
- orRaxjmein (21]
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Reduction of Downtime (1)
———————— e ——

@ Management of items and spare parts

\\\\\\\\\\ KOMAC

= set up MIS (Management Information System) which can be known the details of item as

check the QR code on machine

>N *¥ o

BM
spargparts.,,

uau v L

Tablet PC 2013-03-07 RWEE W :ID: 2171 W 1%
. Control rack of modulator e
C‘/ . srmauxjzioigy Tablet screen @
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Reduction of Downtime (2)

@ Communication between operators and beam users

= Wireless tablet PC for beam users, deliver accurate information, user convenience

Operator (Control Room)
Beam User (Target Room)

KOMAC BEAM USER [CONTROL RO

Wireless Tablet PC Desktop PC

) TR @
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MPS Upgrade Plan | \\\\\\\\ KO MAC

Network (EPICS)
/
@ Fully programmable system Master inerlock Status!
@ One module type for all measurements Status/
ave interioc Interlock
@ Sensor interface that’s totally flexible —- -
Slave interlock Intae:;cs)ck
@ Utilizes individual processors which are
Slave interlock Status/
independent from other hardware —- erieck
ave interloc Status/
@ Master and slave model (embedded Interlock
processor)
Optical AlI/AO DI/IDO Debug || Serial LAN
= FPGA Xilinx XC6SLX16-2CSG225C m 5 5
GPIO
= BCM2835 SoC Core ARM11 ﬂ
Y
= Nodes interconnected with optical links
Lyl  FPGA < UART CPU
GPIO il
UART
A
LCD
o
C i e Interlock system
Gl AT Zost olix| RS B ZUB A 24
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Summary KOMAC

@ Interlock system designed and installed

@ Protection for the entire machine against failures

@ Reduced downtime

@ Increased availability

@ Continued user beam service with interlock systems

@ MPS will be developed based on experience
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