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Outline

* Overview
— Primary design parameters/Milestones
— Site and effective drawing
— Control Architecture Based on EPICS

— Standardization
« CSNS Control System
— Globle control: Computer, Network, MPS, PPS...
— Front End control: PS, VA, LLRF, lon, Injection/Extraction...

— Commissioning Software: XAL...

— Other interface control: CF, target, spectrometer...

« WBS and Manpower
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Primary design parameters

Phase I | ultimate
Beam power on target [kW] 120 240 500
Beam energy on target [GeV] 1.6 1.6 1.6

Ave. beam current [uA] 76 151 315
Pulse repetition rate [Hz] 25 25 25
Protons per pulse [1073] 1.9 3.8 7.8

Linac energy [MeV] 81 130 230

Linac type DTL DTL DTL+SCL
Target number 1 1 2

Target material Tungsten

Moderators

H,O (300K), L-H,(20K) coupled &

Number of spectrometers
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Milestones

« 2005. 6: “political approval”

— central government approval & fund allocation

« 2006.1 -: CAS funded R&D 1 (35 M CNY)
« 2007.7 -: Guangdong funded R&D 2 (40 M CNY)

« 2007.12 -: “project establishment review”

— Budget baseline: 1.4 B CNY + 0.5 B CNY (Guangdong) + land
 2008.6: environmental impact assessment completed
« 2008.9: Approved by the Government
« 2010.3: ground breaking expected

— Need to pass feasibility review and preliminary design reviews
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Dang Lang Town, Dong Guan City, Guang Dong Province
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Layout of CSNS
CSNS: 80 MeV Injector, two Transport Lines, 1.6 GeV RCS, one Target,

Three Spectrometers, etc.
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Overview

Distributed Control System
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Overview

Software: Client, Service, Front-End.

DOP — distributed object protocol

C“ent Tler "-c Controls Software MQP — message queuing protocol

- - = RTP —real-time protocol

AT 3 Tier Architecture 0BP _ database protoco!

O ;g,?-_r % }E DMP — deployment and management protocol

Applications
Client Tier
. . Channel-Oriented AP| (sync, async) Service APl (sync, async)

Services Tier ~
« RDBMS DOP MQP

L
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E=3 Service AP|
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. r%})%‘}i’fi%*?g%“ RTP Services o DBP Englrfeerlng model

. Device Akstraction, Model Interaction, =5 Physics model
L4 Y:EQjé ‘[‘ﬁ'ﬂfj_[_{ Archiving, Save/Restore, Logging, Alarms, Access Controls model
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Deployment/Management, ... .
5o I Operational data
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fast feedback From the ILC Design report
(= 1 kHz timescale)
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Overview-Standardization

« Software: EPICS and other Standard software Components
— Linux, VxWorks, Windows, RTEMS
— GNU C,CVS, C/C++,Java, LabView, Eclips

— Oracle

 Hardware: Standard Commercial Product
— VME(VMEG64X Crate, MVMES5500 or MVMEG6000 Processor)
— PLC will adopt Yogokawa PLC
— IPC (Industrial PC)
— Intelligence Controller: RS232 to Ethernet, etc
— Oscillograph
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CSNS control System

* Global System

— Computer
= Server (HP linux, Sun Solaris)
— EPICS Server
— Archiver Server
— Oracle Server
— Other Server: NFS, NIS, NTP, etc
= Operator Console (Linux,sunRay)
= etc
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« Control Network(IPV4 and IPV6)

Central control room

Firewall
rew WS-C2950 WS-3530

WS-C2950

5| oy ep—— [y sp——— e

Linac area Local controls

Control Network Structure
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CSNS control System-Global system

« MPS(Machine Protection System)
— MPS to protect the accelerator from beam induced damage.
— MPS to ensure that Beam Loss <1W/m,10-4

— MPS will terminate beam in less than 20usec from receiving a
fault.

— MPS only controls Source and RFQ enables and timing gates

« MPS consists of Run permit, Fast permit and PLC
« MPS is not a personnel protection system (PPS)

« MPS is not an alarm handler
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CSNS control System-Global system

 MPS is new, challenging system

We will learn more experience from J-PARC and SNS(U.S,A)

— Noise immunity (Fiber Optic instead of copper cable)

— Improve Availability (>99%)

« Next Step
— Build up the prototype of MPS

— Do some R&D to evaluate the response time of Fast protection
system and noise immunity of MPS
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Run Permit (Software)
MPS PLC
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Trigger Control

CPLD that logically adds
triggers and gates as
appropriate.

From Alan Jones’ report “Machine
Protection System”




CSGM§0MEMY OF SCIENCES I:F EE&% I:F %‘;JE
CSNS control System-Global system

Many MPS units are distributed in the facility, and MPS events are
transported to “Stopping the beam” circuit through the independent MPS line.

From the report “Machine Protection System for J-
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CSNS control System-Global system

m “Stopping the beam” means the procedure as follows;

Cut off the input of low level RF to RFQ immediately. (for fast response)

Beam Stopper just before RFQ is inserted into the beam line. (block the beam)

Faraday Cup just before RFQ is inserted into the beam line. (redundancy for Beam Stopper)
RF power to RFQ inputs again as soon as possible. (stabilize the thermal state of RFQ)

Procedure-1 should be modified to combined action with setting the offset of RF phase.

Fundamentally, MPS assumes that the beam output returns immediately. In the case it takes
long time to check the reason of MPS action, lon source is stopped as operation.

R
| SG ==
D Detection of ™ E 4
> beam collision N A
(Loss monitor) Nt
©)
=
(2)MPS PIN RFQ RF power OFF
{RF Switch) {~600nscc)
@ =
=g 4 ‘\5)
Beam Stop . 2
with Beam Stopper After beam stopper is inserted.
(~1isec) RFQ power swich re—turning on.
Y
lon source™ ™ RFQ DTL =

Beam Stopper

From the report “Machine Protection System for J-
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CSNS control System-Global system

« PPS(Personnel Protection System)
— Prevent human from damage in case of unexpected incident
— High Reliability ( almost 100%)
— Gate permission(Redundant is necessary)
— Radiation dose Monitor
— Fire warning
— Industrial Monitor System at the pivotal place and device

— Isolation from Control System
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CSNS control System-Frond End control

 lon Source control

— Power supplies: arc ,extract , deflexion magnet, accelerating,
discharging

— Temperature measure & control : 6

— Local Trigger Generator : 7 triggers

— Vacuum system: pump , valves, mass flow meters
— Hydrogen gas : Piezoelectricity valve

— Cesium gas : Power supplies (2)

— Water cooling: pump ,valve

« All devices are on — 50 kv HV platform except accelerating
powers supply and vacuum devices
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CSNS control System-Frond End control

 lon Source control

Linux EPICS P E— Server (switch)

E3 ETHEFRIEG R BB EY
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CSNS control System-Frond End control

* Injection/Extraction Control

— 4/4 horizontal/ vertical painting magnets, 2 Pulsed power supplies

— 10 kicker magnets, 10 pulsed power supplies

Ethernet

YOKOGAWA |

NnddD
jJauiayyg
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Signal processing

Y
Bump power supply

Bump magnet

4_ O/E PLC V oscilloscopes 1/5 || | oscilloscopes 1/5
Optical link * ‘ 4
DG535 High voltage charge || PFN Charge | | Kicker Pulse
115 power supply voltage RD current TX

Figurel Injector control Structure Fiugre2
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Power Supply Control
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CSNS Report 2009+ 2/] 131 Page




CSGM£GMEMY OF SCIENCES q:l E ﬂ g I:FI % ‘;JE

CSNS control System-Frond End control

 Power Supply Control
— Embedded IOC based on FPGA+ColdFire

0PI for power supply
Jworkstation

'y
CA/Ethernet

- Y
- [} [ [

Svnchronous signal
from Timing
\ \J A J y

» MPS or
‘ * other
A

DPSCM based DPSCM based DPSCM based DPSCM based
on 10C on [10C T T T on 10C on 10C
[} s [} [}
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Power Supply Power Supply |— - — - — - — + Power Supply Power Supply

CSNS HL i 72 il 2 Gt 45 44 [
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CSNS control System-Frond End control

EPICS Network/CA

 Power Supply Control > i >
— Embedded IOCR&D = __ | uCDIMM 10C

! ColdFire 5282
| A

— Build up RTEMS/EPICS | :

I°'C ColdFire/Avalon

— Create an example IOC /RTEMS | | Bridge

Cyclone I FPGA

@ Mon Dec 1, 351PM Q

e

! [kang@lo

! [kang@loc|[_] medm [ 1leds.adl u
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CSNS control System-Frond End control

 Vacuum control
— 40 lon Pump Controller,33 Vacuum Gauge and 26 Valves

orl
I Ethernet
o e R P A S P S S
........................ gilbuamammmsni e
3 MOXA
=
= ,
Touch Panel }e EPICS/10OC
Local RS232
< [
ECOE] = Other Systems
|: IOC/PLC :| Gauges Controllers lon Pump Controllers
_________________________________ LInterlock InputJ____.
gie, Asiaioc i i i A i Y i
Gate Valves Vacuum Gauges lon Pumps

Tunnel

Page
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CSNS control System-Linac LLRF

« Number of CSNS | klystron RF power sources:

one for RFQ + four for DTL + one spare
« One-klystron-per-cavity independent RF control
* Nine units of LLRF for CSNS |

» Three units more for future CSNS Il upgrade
3 MeV 81 MeV 132 MeV

H-1IS LEBT MEBT CSNSIDTL CSNSIIDTL EERY

D Buncherl Buncher ‘ :vocv vvu vvoocc' vvoccvo ip Debuncher
"l | : , -I f |—» RING
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SN
R 3 A L L]
Seee

Solid State] fSolid Star
n

Anmolifier

Klys. Amplifier
LLRF LLRF
<1 MW 25 MW Spare
a klystron klystron ea. Klystron 8
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CSNS control System-Linac LLRF
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._.lj Ezputd_[apc>— Calibration [— 3521 MHz
< FPGA board
Cav. FB loop
Frequency down conversion
& IQ modulator

CSNS Kepc 09+ Z H Page



b S GMEMY OF SCIENCES @ !. I:F % ;JE |

CSNS control System-High Level Applicaton

« XAL
— One student cooperator with SLAC(Paul Chu)
— One young guy from Physics Group visit SLAC on XAL

- Any computer
with Java VM - 3
KW | T

Gul GUI Service
app.| |app. | | daemon On-line
I GUI app framework Model Lattice [
XAL "device" Beam initializatior

programming layer ‘probe’ file (XML)

PV Logging (archive)
and retrival

oo E EPICS/ Accelerator
T Channel Access file (XML)

Real Time Global

Data Link (RTDL) Database
é | I «ss Accelerator
BEM Rf Cavity hardware level

Magnet S

Java Channel Access
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CSNS control System- CF, target, spectrometer

* Interface between control and CF, target, spectrometer

— SCADA, OPC, OPC Gateway

OPC Client Libraries OPC Server Application
Available for Windows, Unixes Always available from the PLC vendor
(see http://www.opcconnect.com) For wide-spread PLC series there are
Binary distribution of the client alternatives offered by third party
library by Softing is royalty-free vendors (see link list at
OPC Client — OPC Server http://www.opcconnect.com or e.g.
Communication http://www.matrikc —
via DCOM (available by Microsoft OPC Server-PLC C PC Hardware
and others — also for Linux) Proprietary, vendc OPC Server jocShell
PC Hardware PC Hardware EPICS 3.14
OPC Server OPC Server | | OPC Client OPC Client | Channel
Access
PC-Card. I_ —* Ethernet T
RS 232 Ethernet PI; c To other From other To EPICS
OPC clients OPC servers Clients
IO-Device PLC PLC
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WBS and Manpower

- WBS
— 52.10M RMB(6.5%), less than 8%:-10% of accelerator

« Manpower

— 20 People
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Thank you for your attention!

Welcome any advice and comment
on CSNS control system.

Whatever, thank you again!
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