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CSNS Facility Layout

® The phase-l CSNS facility consists of an 80-MeV H- linac, a 1.6-
GeV RCS, beam transport lines, a target station, and 3 instruments.
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Key Milestones

February 2001 idea of CSNS discussed

June 2005 proposal approved in principle by the central
government (CD-0)
January 2006 CAS funded 30M CNY for R&D 1

July 2007 Guangdong funded 40M CNY for R&D 2
December 2007 proposal reviewed

September 2008 proposal approved
October 2009

April 2010
February 2011
May 2011

feasibility study reviewed
site preparation start in Dongguan
feasibility study approved (CD-1)

preliminary design approved (CD-2)
September 2011 construction start (CD-3)
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Civil Engineering
® Total long-term construction site area is about 0.67km?2.
0.27km? has been planned for phase-l construction.

® Main buildings include Linac, RCS, transport line, target, with total
area of 30,431m?2. Auxiliary buildings include administration, office,

with total area of 36,258 m?.
® Detailed civil engineering design is in progress.
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Servers:
High Level applications,
Timing FPS Slow EPICS,
Master Master Interlock OPI Oracle database,

i

Optical

. Slow , PLC :
Timing FPS Interlock Serial Port PCAS CPCI Embedded PO/IOC | Two layer architecture
Slaves Slaves | |o \oddedioCl | Servers 10C 10C 1. OPI:
i i ¢ [ A i A PC/Linux/Windows
) ) / ) Y | 2.10C
devices ‘ BLMs ‘ ‘ devices ‘ DPSCM Linac LLRF ‘ RCS LLRF ‘ Vacuum Diagnostics etc VME 10C
(RFQ, MEBT, DTL) :: CPCI 10C
PC/10C
PS Embedded 10C
_(B\ Q, etc.) no field bus to a third
« Control scope covers linac,LRBT,RCS,RTBT layer
« Overall task: thounsands of equipments/devices extensive use:

« 10Cs :VMEIOC(MVME®6100/VxWorks5.5),PC/IOC(Linux), Embedded | serial interfaces from
the lower layer to the
* The preferred interfaces: analogue,digital and serial (RS232, RS485 ¢quipments.

« Software Version determined: EPICS 3.14.10/VxWorks5.5/Linux2.6
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Front-end Control Interface (determined)
* Front-end includes an lon source,LEBT,RFQ and MEBT.

 The lon source control system is typically a single component
of the CSNS control system.

 ltincludes 5 parts:

— power supplies, vacuum, temperature measurement, water
cooling and timing.

« All are required to be controlled locally in the tunnel and
remotely at the central control room.

 The power supplies work in the high voltage environment.

* Require the control system with high reliability and availability.
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Prototype of lon Source Control

A PC/Linux running softlOC exchanges the data with PLC/CPU via
Ethernet.

« The PLC/CPU communicates with the PLC/IO (all inputs and outputs)
modules through the FA-Bus Optical Fiber.

 No extra electrical isolation between the ground and high voltage
platform.

SoftlIOC OPI Tlmlng/IOC lon Source_HYV Control
Base on VME Water Flow_Status Fs1 @ Fsz @ Fss @ Fsa @ | [Fams]
¢ ¢ ¢ Gas Control vac_HV 7.0469e-06 Torr HV_RINO ©  HV_RZNO © Hv_Rsno @
= - - -
y audizacuun Vac_ LV 2.5704e-11 Torr LY_RINO @ LV _RZNO @ LV_R3NO @
Ethemet E/O H2 Flow [oo00  scem| 44.580 SCCM | HZ Alarm: @ H2 Flow IntLok: @ L
Arc DC&AC PC [ ] v 21.4000 V RegSta: @p Vac_Intlok: O
curront |1 0006 A |m 02110 A | Loc/Rem: @ Exton: @ [on 10 ®
F]ber AC @ v 85400 V RegSta: @ Vac_IntLok: @
I 2.2450 A
y FA-BUS v current [Ic [0.00 A = 21200 A Loc/Rem: & IntLok: &
Vrh -21.6390 v
Fiber PValve DVoltage |, Zsmov |wm 29638V PV_Vac @
> PVoltage PVrb 126.6400 V EXtOn @ [on 1@
PLC/CPU PLC/IO O/E Pvc [130.00 V PVM 127.3950V o
Magnet PM - loiago | [Sa60—v I [ e o ]
ovP 40.00 ¥V Fault_M: Ok @
DM Current 12.00 A 11.45 A Vi_Mode: V_mode ShuDown:
HV Voltage 3500 V 3518 V OVP_M: Ok (C)
A ovP a000 Vv Fault_M: ok [ ox @ |
Extract @ [ Reset] Vac_IntLok: @ Over Current: @  TimingOn:
% (@] EEOJD Starue @ Over_Voltage: @ [Gmeon] O
y y 4 y ® Voltage| 0000 kV Vm: -0.005 kV e il ®
Boile 180.57 Degree Boiler_oOutl: @)
PS,Valve,,etc T, PS, etc PS emparature oo 01 s e e e
Transport 2 [260.00  Degr. 27103 Dogroo Boter_ow [035 Soner_otr: [5.35
. : ;all:ode g: Degree ‘n—erm:On: 0.20 Trunsm:oﬂ: nisu
Source Body 349.80 Degree Tranpz_On: | 2.00 Transpz_Off: [3.00
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Prototype of lon Source Control

« Some experience and lessons are learn by the prototype of H
—ion source control system:

e “Ground’ isolation

* temperature modulation (from relay switching on/off to PID
control)

 more details specification of device interface
» processing control of high voltage ramping and so on.

* Next step, the embedded PLC/IOC will be used to replace the
combination of the softlOC and the PLC/CPU.
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Prototype of lon Source Control

« Some experience and lessons are learn by the prototype of H
—ion source control system:

e “Grc \/ Timing/I0OC
@_A__@ Wk Base on VME
e temj Y r | to PID
cont I Ethernet E/O
*  Mmor Eiber—|
FA-BUS *
. pr — PLC/IO O/E h.
e Nexi l yyv [lace the

I

PS.Valve,.etc T, PS, etc PS
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Linac LLRF interface

 Linac LLRF consists of a VXI crate and customized
I/0 modules and a PC through RS422. It has been
done by Linac RF group

e Use PCAS to communicate with the API of the LLRF
change local variable into EPICS PVs

IPC FPGA+DSP Module Test Module
RS-422 822HD RS-232C USB
DSP Voltage PLC P0w?r
Sampling Sampling
Digital Anolog Frequency Fast Test VXI
Module Module Synthesis Protection Module Crate
VXI Crate Pulse Generator | |Frequency synthesizer
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RCS LLRF Interface (determined)

« RCS LLRF will be
implemented using e
customized CPCI I/O | P . )

\ 1
|

modules by RCS RF | ———
S e ——. J :

group. J Y "
I =
 The control system

needs to develop .

EPICS driver and r
database to interface '

1
3kA Bias | |
1

Supply

|

|

with VxWorks driver | ————— ; :
supported by the = |
| 00MHz |

company. | [ Jone |t ios 1) K] |
| VxWorks l |

L. I FEHAS ||

' |



CSNs HRH TR

CHINESE ACADEMY OF SCIENCES China Spallation Neutron Source

Power Supply Control

« CSNS power supplies will use digital power supplies
using the Digital Power Supply Control Module
(DPSCM) developed by the Power Supply Group.

« The DPSCM is an intelligent power supply controller
with serial port supporting Modbus RTU /RS232.

« The DPSCM implemented logic control to the digital
power supplies. Most work can be done within the
DPSCM and power supply.
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Power Supply Families

Name Type Qt. (sets)
DTL-Q DC 98
LEBT-S DC 3
LEBT-B DC 4 PS in Linac,LRBT,RTBT
MEBT-Q DC 8 almost same:
MEBT-8 bC 16 DC PS: regular
LRBT-B DC 3
-RETQ > = PS in RCS special:
LRBT-C DC 21 ]
p—— = 7 AC 25Hz sine waveform
RTBT-Q DC 31
RTBT.C DC o1 Although these PS are
RTBT-OCT DC 2 different, the control
RCSS DC 2 interface to the different
RCS-Corrector DC (fast response, 25Hz, trigger) 58 PS Wl" be Standardized.
RCS-B DC+AC(25Hz, sine wave, trigger) 1
RCS-Q DC+AC (25Hz, MW power) 5
TOTAL 303




”' SNS BRBFR

CHINESE ACADEMY OF SCIENCES China Spallation Neutron Source

e Use MOXA embedded serial

device communicate with the Cowe | [
D PSC M Embedded Linux/EPICS 10C
« MOXA DA682 has 2 ethernet [ Remote
ports and 8 serial ports Loca 4 = [ ppscm |
4 A
« MOXA DA682 running Linux as ' K T
EPICS 10C, developing ” onry Loop
. \FPGA Data B ﬁgial Interf ﬁ;ﬁ T
+ Modbus RTU driver L e e ||
. lowspeed Register | | Register Highspeed PWM
« Modbus RTU EPICS driver Digia Ik | [prarg
« Modbus RTU EPICS device ]
| bAC || ADC |
support ¥
, L !

Power Supply
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Progress of the PS remote control
« MOXA DAG682/EPICS IOC has been tested with the DPSCM

— Modbus RTU communication driver
— Modbus RTU EPICS driver
— Modbus RTU EPICS device support
— Databse and OPI with CSS

PS Control OPI

Power Idc Tac

ON/OFF

M || e | | s
. ) [Rend Back Measure dl |2433 ,44 |§eud Back Measured i

tatus ()
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Testing with the PS on

* In August, the MOXA
DAG682/EPICS IOC has been
tested with the DPSCM and a
power supply

|t works fine now

’Eiﬁaﬁﬁ
PS Control OPI
Amplitude Phase
Fovax set setpoint read set setpoint read
KO0 (DC) 12.0 12.0000 600.004

‘J’ K1 (25Hz) [L-0 1.0000 49.9653 K1 (25HZ) [1-0 1.0000 1.6518

_ K2 (50Hz) [0.85 0.8500 36.1689 K2 (50HZ) [2.0 2.0000 6.25617
setpoint 9 K3 (75Hz) [0.6 0.6000 24.6437 K3 (75Hz) p.o 3.0000 -4.8768
status () K4 (100Hz)[0.5 0.5000 20.1917 K4 (100Hz)[1.5 1.5000 -6.2227
K5 (125Hz) 0.4 0.4000 16.0961 K5 (125Hz)[1.9 1.9000 -5.926

K6 (150Hz) 0.3 0.3000 12.0460 K6 (150Hz)[2.5 2.5000 -5.499

K7 (175Hz)[0.5 0.5000 20.0726 K7 (175Hz)0.8 0.8000 -7.6636

K8 (200Hz) [0-39 0.3900 15.7215 K8 (200Hz) [0.4 0.4000 -8.5919

K9 (225Hz)[0.43 0.4300 17.3839 K9 (225Hz) [2.0 2.0000 -7.60437
K10 (250Hz)o.34 | [0.3400| [13.8409 K10 (250Hz)32.9 | [2-9000] [-7.3204
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128 ion pump power supply controllers, 45 vacuum gauge
controllers and 27 gate valves in linac, LRBT and RCS,RTBT

1
E OPI OP| OP| Control room |
1
E 7y A 7y i
i Ethernet i
i P 4 v o 0
_______ A A !
A e :
: Local equipment
! Loca OPI |« ¥ room |
! MOXA embedded industrial computer(embedded :
: Linux/EPICS) :
1
i Local debug |, A 7'y :
i computer | :
1 1
1
' — 3 Other system i
: :
: :
' \ 4 \ 4 \ 4 !
1 1
E YOKOGAWA PLC (F3RP61-based 10C) Vacuum gauge controller e FE (e ELZEY !
i controllers :
I 7} T_ A A !
E Protection input |
T T e e e e e T e | e e
CTTTTTTTTTTT I | 22 | 2 L 2
1
: Gate valve Gauge lon pump power supply Tunnel !
1
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Injection/Extraction Control

« The RCS injection system includes 8 painting bump magnets

= 4 are used for horizontal, powered by BHPS
= 4 are used for vertical, powered by BVPS.

» 8 kicker magnets and 8 kicker pulse power supplies.
 The interface to these PS has been determined.

« The ON/OFF control of these PS will be implemented by
YOKOGAWA PLC.

« The ZTEC oscilloscope (1GS/S, 300MHz, 12 bits, 2 Ch) with a
built-in EPICS system is selected to get the charge voltage and
pulse current of the extraction PS

« The YOGOKAWA WE7000 measurement system was used for
Injection PS waveform setting and readback

— Tested with the prototype of the bump PS in 2009.12
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Machine Protection System

» It consists of two parts

» Equipment Protection System

** For collecting signals and detecting internal faults from the
equipments in Linac. RCS. Target. PPS . When any
equipments fault occur, it performs alarm handler and stop
beam to avoid damage due to thermal effects.

» Fast Protection System

+* Monitor BLM, once beam loss exceeds loss limit, shut
down lon source to avoid damage due to radiation and
thermal effects.

> Besides, display status of the equipments
» Allow automatic recovery from beam faults.

20
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Equipment Protection System

» Consists of one central PLC and several PLC stations

 Collect signals and propagate the state signals of Linac,
RCS and Target through the FL_Net to the Master PLC.

« The FL_Net can OP!
accomplish data

scanning within 200ps. Ethernet

e The communication
speed of FL_Net can be
up to 10Mbps. FL-net

Linac RCS Target

« The response time from
a fault signal of the
equipments to action
within 20ms I

IS, RFQ,DTL ,MEBT,Vaccum PS,Vacuum,RF Target,Heavy Water,Cryogenic
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Fast Protection System

 FPS interface to BLM, once beam loss exceeds loss limit, shut
down lon source and drop RFQ Voltage to zero within 20 ys to
avoid damage due to radiation and thermal effects

RCS—> redundancy
etc.—»| MP MPS Unit MPS Unit

| l
Beam Loss Beam Loss S !
Monitor Monitor BE e
- 1

Ton LEBT RFQ MEBT DTL LRBT L Ethenct

Chopper I

MPS Master

FPS Master communicates with FPS
slave via optical link.

Optical Fibre
Fast responses are handled in FPGA 55| J L ---------- —

(Xilinx Spartan 6) ek =T u% """"""" CL% .=

MEBT/BLM DTL/BLM RCS/BLM RTBT/BLM

Global response time: 20 us

Easily extend with new control points
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Timing System

« Timing system is designed to provide triggers and
clocks to the following systems

* Front end, linac RF, injection, beam
instrumentation, magnet power supply, RCS
RF, extraction, spectrameter and target
 Detailed discussions with the above systems have
been done, while there are still some points need to
be studied further.

* Prototype using EVG/EVR has been setup.
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Timing System Structure
LJawl oamMhr - T
—LO/E 24Mhz Front End :
| STO/El— 324Hz o TrRF ] |
| L= I
| I B
' 25Hz
Timine Mai L>[ EVR > Mod PS '
g Main ' —|—' 25Hz :
Station : MG PS |
= | 100KHz I
2= +>[O/E LRBT |
S5 1 | Timing signal . '
= S o Ly 8 —+>] EVR [ Device :
s A g :_ Interlock(MPS) [
= | U (B | | |  oio_____tmerecdMIIL - _______
o [ 1
@ —>{O/E | Trigeer RCS inj !
5 - > EVR | Device |
= | DBus |
&) e " Trigger | . .. )
EVR | Device| RCSext |
: DBus I
“““““ TTHgger o ————
|NE > EVR ] Device| RCSRF |
AE | bDBus L ——J1
— —_,— ————_ e —_ = —_ — - - —  —  — —  — — — — — — ——— = |
: 2| EVR DCVICC RCS PS |
L ________ DBus_ "L _—_— ________
50Hz TTL il
[ Trigger [
| EVR | Device RCS BI !
L bBus ‘1L —+- ______/
T:I _____ I___Tr_iég_er_ _____ ____________:
LEVR T ppys o] RTBT
r--——""""\~"%/~F~- " -~ - -~ ———_—— =TT - - -
Trigger ) Neutron !
N Device I
PLEVR g ] troppers_ !
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FPS0 DBus Signal

CML4 Output Fine Delay

Enable Interlock

Machine Mode

/home/zhangyl/opi/ed|/Timing.ed|

FPS1 One Time Pulse Signal

CML5 Output Event Clock CML6 Output RF Clock

Disable Operation

e e o

Beam Mode

FLUSH

Test Items Specifications Test Results
Trigger Signal 25Hz 25Hz
Frequency
Trigger Signal Rise <5ns 490ps
Time
Trigger Signal Delay 5ns 630ps (CML Output)
Step 12.4ns (TTLOutput)
Trigger Signal Delay 1ms 12.3ms
Scope
Trigger Signal Width 1us ~1ms 12.4ns~37ms
Trigger signal Jitter <1ns <90ps (Pk-Pk)
(Reference to (Jitter of oscilloscope
324MHz Agilent is 40ps)
oscillator)
Dbus Signal 100KHz 100KHz
Frequency
Dbus Signal Rise time 529ps

DBus signal Jitter
Reference to 324MHz
Agilent oscillator

84ps (Pk-Pk)
Jitter of oscilloscope
is 40ps

Acceptance test at lab in 2/09/2011
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Application Software

 Device application: EPICS tools
— Control panels: EDM or CSS

— Alarm management: Alarm Handler
— Archiving: Channel Archiver together with Oracle database.

— Web-based control panel is planned to be developed

» Interface to IE
 High level application: XAL
— Some XAL work in CSNS has been done
— The control system provides platform

— The AP group for coding development
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Topology of the control system network

RFQ Local Station

1000MDOGET

MEBT Local
S Station =g Accelerator —— | OOM AL 2R
‘ ) Local Station ¢ :
. S !

Wireless
Router

Target Local
Station

lon Local

Station Redundant
core switch FireWall [£L
Rl ’
N
Router in

campus
Center LAN
Control Room

Ring Accelerator
Local Station

Several

subnets
Edge switch

=t

100Mbit switched Ethernet with a Gigabit switched Ethernet backbone.

A firewall inside the core switch for access from the campus network to the
control network. EPICS CA gateway for the different IOC PV access and
effective management of traffic and security.
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Central Control Room Layout (the size in meter)

DISPLAY WALL (12X0.5

1 MAIN CONTROL PLATFORM

130 (WIDTH X DEPTH: 11X 1)

ELECTRONIC
3 SUB-CONTROL PLATFORMS —» ENCLOSURE
(WIDTH X DEPTH: 16X 1) RACKS

21TO 37

MEETING ROOM

WHITE BOARD MEETING
TABLE

DOCUMENT AND
PRINTING ROOM

PROJECTION WALL

50 —

v
A

14.0

A
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Time Schedule

« System development: 2 years

« Some subsystem installation: from 12/2012
* Installation and testing: complete in 2/2016
* Online system commissioning: 3 months
 Expecting complete in 5/2016

 Put system into operation
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Personnel Plan

 The control group is not only responsible for the
CSNS control system construction, but also for the
BEPCII control system maintenance.

 Currently 12 persons in the group (part-time)

e 6 young persons for the CSNS (full-time)

« At the R&D stage: 12

« At the development and construction stage: 21
« At the maintenance stage: 15

« Some students: good help
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Summary

* Preliminary design: complete
* Device interface determined
 R&D prototype: complete

e Recent accomplishments

— The remote interface to the digital power supply has been
decided. The prototype is working fine.

— Timing prototype has been accepted in early September

 Next step:
— Start MPS, Vacuum Control, RFQ control, DTL control...
— Setup Application Development Environment (ADE)

— System Integration
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Thanks for your attention!



