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Introduction
« Shanghai Synchrotron Radiation Facility (SSRF)

Third-generation of synchrotron radiation light source

SSRF consist of a 150MeV LINAC, a booster and a 3.5GeV electron
storage ring.

Beam current 300mA
Minimum emittance 4 nmrad
Lifetime >10 hours.

By using advanced insertion device, photon energy range is from 0.1
to 40keV

* SSRF control system 1s EPICS based control system designed
for light source

Hardware (including network)
Software
Subsystems

e Inserting devices
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Control System Network
il Internet G *1G Ethernet with 3 layer switcher
g T T *backbone reach 2G.

gg w &) Q @ @ @ @ @ *Full Network manage ability
TR = *Remote access and monitor

*Backbone redundancy design to

ensure reliability

*Isolated from office network

*VVPN access (Nokia hardware)

N

PS system

> Bl system
|

fAr s (2063
a—
VMI PLC 1R % 8% <> E%

*Sub system division by VALN

V2

*10.30.X.X/24
-Static 3 layer route table

*Access List table for access control
*Can be extended easily in future

Server system

b bes
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Not so much VME devices are used in SSRF
— GE VME7050
— Motorola MV5500

PLCs are widely used (Subsystems&PPS)
— Yokogawa FM3
— SIEMENS S7-300

Various kinds of serial devices

— Vacuum, Power supply, motor controller, etc.

All of devices are connected via Ethernet
— Serial/Ethernet converter box (Moxa Nport5610)

These make our system clean and simple
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" T T— L.k VME 64X crate
T by Elma

4U 7Slots
9U 12 Slots

......

Crate status can
| be monitored by
—  Motorola MV5500 W . Ethernet or serial

—  GE VMIVME-7050 port

Can be
monitored with
PV names
(NetDrv)
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PLCS and Nporta610

 Sernial to Ethernet converter

AC Power Input
100-240 VAC input,

47-63HZ Serial Ports

RJ45 EJSfin), RS-232,

AC Power Switch
50-230.4Kbps Connection Cable

The RJ45 to DB25 cable
is an optional accessory

. powe

MOXA NPort
5610-16

Ethernet
RJ4510/100 Mbps

PushButton| , e |ndicators
Reset Button System status, Serial Tx/Rx

LCM Display Panel

19-inch Rackmount
The Rackmount Kit is
a standard accessory
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* The SSRF control system 1s composed of EPICS toolkits
— base v3.14.8.2/3.14.8.10
— extensions
— Cross-compile environment
« OS
— Fedora core 7 (mainly)
— Ubuntu server 8.10/ CentOS5.2/ Scientific Linux

* OPI
— EDM

« High level physics application
— Matlab v2007a

— MCA/LabCA
— Accelerator Toolbox (AT) & middle layer was adopted
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 Two servers
— HP Rack PC Server 580GG4, Xeon 3.0G/8G RAM/300G SCSI HD
— One Master, the other Slave
— NIS/NTP/NFS
— RSYNC backup

— Local yum update/PXE server

« EPICS environment
— OS
» Linux FC7/Kernel 2.6x/GCC 4.xx
— EPICS base
« 3.13.9/3.14.7/3.14.8.2/3.14.10
— Extensions
 Edm/medm/SDDS/Archiver/Sequencer/etc.
— Cross-compiler environment
* Vxworks 5.5.1
* Monta-vista linux gcc3.4
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EPICS Drivers/Records
e EPICS Drivers

5-10 types of new serial device drivers are modified based on netDev
Y okogawa Plcs uses netDev

Simens PLC uses driver from PSI

Stream device driver are used for several kinds of serial devices

Modbus driver from EPICS website
VME device drivers are copy from device manufactures or other labs

e Records

Bi/bo

ai/ao
Mbbi/mbbo
Subrutin/gensub
Waveform
Caculate

fanout
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Data Archive and Analysis Tools

* Distributed archive engine with center relational database
« Native XML data type with xml schema for data storage

* Developed a data retrieval system based XML Web Services
to access the archived data.

* The system included bottom layer interface and interface
applicably for accelerator physics as well as client samples
exemplifying how to use the interface.

* Tools for users that can browse, retrieve and plot data

* By the client samples, user can development their own
application.

 Memo: not be used now, just 1n test progress
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Data Archive and Analysis Tools

2 SSRF Channel Data WebServi lient Sample y ¢ M)

Chart  Tools  Print

- From [11721:2008 - om Tirm . ( i A [
A Channel Name -
a1 41l T ! l 1 1111 ] create xml schema collection archiverschema As
1l | ﬁ | | | ] | ‘<?xml version="1.0"?>
T } <xs:schema
* || xmIns:xs="http:/fwww.w3.0org/2001/XMLSchema">
j |
r li*

zhugingHost: aiE xamplel

zhugingHost: aiE xample2

zhugingHost:aiE xample3

zhugingHost: aiE xampled

zhugingHost: aiE xample5

zhugingHost:aiE xample6
i st: aiE xamy

zhugingHost: aif xampleS
Total 500 Channels

. S— e

Ry

| .7 Retiieval | ¥ Chait
AddMore Channels to Chart
|Add »y | ¢ Remove

| <xs:element name="data">

<xs.complexType>

<xs:sequence>

<xs.element name="type" type="xs:string"/>
<xs.element name="value" type="xs:string" />
<xs.element name="time" type="xs:string" />

: <xs.element name="stat" type="xs:string" />
ChrtTook bt wew 3 <xs:element name="severity" type="xs:string" />

- From [1ziz0s <lf132726  — . To © o5Houw €

" op——— L s || <fXS:SEQUENCE>

R e —

AxisY-Data

zhugingHost: aiE xample6
zhugingHost:aiE xampled

. e T
e to—

—

w
L

e ——

e

RS —

—

ke

R S
—
———

1
|

14 r ¢
sl

1142112006 1 2:50:0p

]

This is a client sample of SSRF WEB

services which expose the data retrieval
interfaces. The data is from I0Cs' channels on
EPICS. First get data by input areas above and
then you can see them in arid or Excel or PDF
and print or chart them.

12112006 1 2:52.0p

AxisX-Time

| Dat:
el o @@ <fxsicomplexType>
= 9.00
Web Service found 1374 records Time cost: 6953125 secs. Friday, December D1, 2006 15:33:16 .
. iaatiost a ramplcd 3 ol <fys-slement>
distart| @& ) (@ e [ 09 SSRFWinClient (Running)... | &9 WinClient - Microsoft 4 | zhuaingHost siE xampled 4 0.0
anl 5 0.00 ’
zhugingHost:aiE xample6 / . h
SiceHostaE vample? s | <IXS:SChema>
zhugingHost: aiE xample8 7 1.00
ZhuaingHost 3E xampled =
Total 500 Channels 8 200
3 200
_ Retrieval | Y Chart | 10 300
[~Add More Channels to Chart —————— n .00
add o < Remove | 12 00
13 400
14 5.000000 |11/21/2006 13:49:33 ) zhuaingHost:ai double
15 5.000000 | 11/21/2006 13:43:33. igingt double
16 6.000000 | 11/21/2006 13:43:35. iqing double MINOR
17 6.000000 | 11/21/2006 13:48:35. aing dauble MINOR
18 7.000000 | 11/21/2006 13:48:37. aingl double MINOR
13 7.000000 | 11/21/2006 13:43:37. aing! | double 'MINOR
This is a client sample of SSAF WEB 20 8.000000 | 11/21/2006 13:43:38. ingt double MaJOR
services,which expose the data retrieval T
interfaces. The data is from I0Cs' channels on 2l E000000{ 11/21 /20051 3,453 and | doubs JMAIOR.
EFICS. First get data by input areas abave and 2 9.000000 | 11/21/2006 13:43:41. aing! double M&JOR
then you can ase thenin gid or Excel of PDF 23 9.000000 | 11/21/2006 13:43:41. iingHost:a double MAJOR
and piint or chart them
24 0.000000 | 11/21/2006 13:43:43.347837000 zhuaingHost:aif xemple2 | double: MAJOR
5 0.000000 | 11/21/2006 13:43:43.347837000 zhugingHost: aiE xample2 | double MaJOR
26 1.000000 | 11/21/2006 13:43:45. igingt double MAJOR
27 1.000000 | 11/21/2006 13:43:45 ingHost s dauble MAJOR
P 2.000000 | 11/21/2006 13:43:47.351736000 iingHost:ai double MAJOR
2 2.000000 | 11/21/2006 13:49:47.951736000 zhuaingHost:aif xemple2 | double MAJOR
30 3.000000 | 11/21/2006 13:43:43. igingt double MINOR -
e
S S ot 1574 o ot 312 s, e o1, 20 153 I

Astart| @& J (@ w [ 9 SSREWinClient (Running)... | ¢ WinClient - Microsoft is... | () Macromedia Fireworks 8 | [ S5RF Channel Data W...
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* The hardware platform using SAN & database server cluster

 Now we have tested on the MS SQL Server 2005 and will
transfer to Oracle 10g with RAC later

IPF4E

LinufARS2581% LinwdRS5=5 855
EMC Oracle$ B EER A Oracle$ 1B EER B
NS40GFIZE
&
i -
L
— \V\QQ [” 5
W
AN ~ DS2208
X 1355 FeEF AN
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e-log

« Based on center database system

* Using Web2.0 Blog system

e Support RSS

* Integrated with uniform authentication system

£ BE - SSRFEE - Wlndows Internet Explorerﬁ EE—)

- = -
@ %l@ http ://appsvr0.ssrf.ac. cn/cs/blogs/ - ‘ £ | X H Live Search £ vl
¥ & |Q B=-ssrRrR [ [N o I = N ﬁﬁ(_)vf,:r_a(_)v”

BEATEG

[  Get2mA current in the SR.Lifetime 18.8min HzZE

BLOGS Beam Energy 3.0GeV Circumference 432m Tune 22.52/11.24 Natural Emittance: 4.8 nmrad £ RssEIE
Natural Chomaticity: -54.8/-18.9 Beam Current: 2mA Lifetime 18.8mA some prameters kicker -
2800A 2800A 3101A 3074A Bend Current 600.0375 with 30% Sextupoles Strength S1 Opml

12-24-2007 4:02 T~

M shen’k%T Boost =

Vig:l

F3ERE-Log
19: 071938 SEMERERY: EE A NRFAGFRALHRHEES, EEERR2WENHAES, iL EEFELY
BIBEVMPSRGLRLMEES KELEMPSRY . BEMPSRRAMALBE FRMEARTES .
21: 01, LTQ1~ 232$84BtE e 21: 6, LTQ1 2BBRMRRTA . 21: 58, FRBAIDEENE
BEIND, EHINEC% - 23: 27, FIHMQBAERQI~Q1, FANEBE. 23: 30, BFHE
BLTQALTQ4MR 24 o 24: 005 LTB» QFEE6. 7+ 9+ 11AMBRHISEER

M shen%T Boost

ELOGS

élntemetﬂﬁ'éﬁé;ﬁ':;é 3 ;;100% v
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subsystems

* Three part of control system:

— Linac, Booster, Storage Ring
— PS, Vacuum, Modulator, e-gun, Microwave, Transport Line
(injector/extract ), Timing, MPS, RF

* Some subsystems statistics

System Devices [I0Cs PVs
PS 585 26 60000
Vacuum 730 25 23000
MPS 25 3 16000

Timing 16 16 540
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* Over 550 magnet power supplies |
are used at SSRF

« All PS are digital controlled

« 2 types of digital controllers

— SINAP self-developed digital PS
controller

« LINAC, Booster and Transport
Lines

— PSI designed digital controller
(Purchased from DLS Co., Ltd)

« Storage Ring and the Booster
Ramp PS
 Performance of stability and . Eﬁ - i 3.
reliability has been proved since
SSRF commission
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BB /home/ding3¢/bsopi/bs_ps. edl

Booster PS control
Readback Status Magnet Switch  Setpoint Readback Status
102CHPS

Magnet Switch  Setpoint

102CVPS.

102CVPS 102CHP

Booster Ramp PS Control

IBS:CH-08 i 101CHPS -

T | p—— ‘Waveiorm operation Bk s

[BS:CH-08 i Fienase Download Satus A '

i 101CHPS fhomelsystemiaveform | waveform.bin -
Ihomelsystemwaveform | waveform.bin -
omeisystemwavetorm | wavetorm oin IR
Momeisystemwaveform | waveform.bin -
Ihomeisystembwaveform | waveform.bin -

BS:CV-08
BS:CV-10

[BS:CH-1 01CHPS

1CV-14 101CVPS

Error Stare
101CVPS! MAIN_RELAY (Cx
D, )

101CVPS
fhomeisystemdwavetorm wirvelorm bin - ANG ILATION,
101CVPS =
r
o-01+
Oy LARBLELA SLALALAS 1 Adad) LARALM MAAEALAS ALAS AR AL LA 242 BRARALAS Ratatag peasd
4 0 120 80 200 160 200 40 30

Master Relay JEINEUINEE [ || Pw Ouiput FEREEINRTST

Current Transd - O Power State -
Rack Water [ [ | ADC Check. [TTESERAS
iterock. [FERRTERS [7] Comn Frane Check. [
Vemilamr- O Comm Timeout _
05557

=657

jrane)0575]

Minimum Current

siaieyili
ainun Currert [
ey voc]

Chasis Door - O Digital Input
Load Water JENERIER [T |{ Command Execution
Load Temperature - Of

Raw Value
| i s7aTE I
{ Divask ]

DC Link Voltage Operation Prior

Current Ref/Readback diff -




LA-PSHOIFCS13

LA-PS:HO1FCS-13 Details

Digital Input |

Power

master retey |

Current Transducer -

Set Current 17,555

T

Rack Water -
Interlock - ]

Minimum Current
Maximum Current

DC Link Voltage
Load Yoltage

Current ReffReadback diff.

Ventilator -

Chasis Door -
Load Water -

Load Temperature _ J

Device State |

P BB LA R BEE

PWM Output
Power State

ADC Check

Comm Frame Check
Comm Timeout
Digital Input

Command Execution

Onperation Prior

DI STATE —
DI MasSK |

Raw Value
DEV STATE

Current Graph I
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E /home/dingjg/bsopi/ht_ps. edl

Booster-to-Ring PS control
Magnet Switch Setpoint Readback Status

HT:CV-01 - 1o1cves- [—|[Ho1eve EETISTERIE
HT:CV-02 - 101CVPS- E'_ [5:Ho10vPS-02]
HT:CV-03 101CVPS- E- "

v | m

HT:CH-01 101CHPS-

HT:CH-02 i 101CHPS-

HT:CV-04

HT:CV-05

HO1QPS-

HO1QPS- |

{T:QUAD-07 - HO1QPS- E- -
-IT.QUAD—OSi HO1QPS- E- :

AT:QUAD-09
AT:QUAD-10

v | i s e
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* Most devices are based on serial port
— VARIAN Multi Gauge
— JJJvac Sputter Ion Pump Power Supply
— VAT valve
— RGA (Residual Gas Analyzer)
— Etc.

 PLCs
— Yokogawa FAM3
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= . Fault1- Valve not closed in middle (ma)
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| « New event timing system

Structure 1s simple used
broadcasting method

Low Jitter with distributed RF clock

Run on the EPCIS environment, base
3.14.x

Easy to extend

Compact network based on
characteristic event system.

All EVRs are placed on timing crates
and BI local stations not being
triggered devices

All trigger outputs integrate with
hardware interlocks

Second level brunches, ~250m

Third level brunches, ~ 60m

Fouth level brunches
(plastic fibers), ~35m

SR: Storage Ring local station ,assuming 10
BR: Booster Ring local station ,assuming 2
LN: Linac local station ,assuming 1
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| FM@W > % SR-CN:H20E

> % SR-CN:H20E
p|EVR-OEB200| :
! w §1 / > SR-CN:H20E!
| M| M VME-EVR-230{— EVR-OTB-200
RFfLoc | fF; E]—P (VME 64x) [] (VME64x) P L VR.OEB.200 [ SRCNH20E
> > SR-CN:H20E
| 19) q
Master | | Odbm - . - p| Power | T I SR-BLHOIEVRI:Stfl
P9.6SMHz | | ~Im coaxial cables with phase stabilized | devider ™ — — — — — — — — — — — — — — — R 3 f, » | VME-EVR-230—EVR-OTB-200 — SR-BI:HOIEVR:Stfl
T 3db | P T (WE64x) ] (VME64x) f——t—P> SR-BLHOIEVRI Sinjl
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Master | Power LPF /D \ | > SR-BI:HOIEVR1:4KHz
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CPU —>-—> Shift ' VME-EVR-230—EVR-OTB-200 . e
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« The RMS jitter of gun trigger relative to RF reference 1s
10.72ps, which includes the jitter of e-gun and oscilloscope.

« The RMS jitters of other injection and extraction trigger are
less the 30ps.

* Performance are satisfied with the requirements of physical
design.
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RF System

* Linac microwave system 1s designed by SSRF
* Thales design RF system for SSRF

* Integrated with EPICS system and can be controlled at center
control room
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RF Amplifier &
Klystron

Booster 180Kw

Storage Ring
300Kw X 3

Epics IOC
MVME 5500
Hytec I/O boards
Fully Isolated -
Interface




RF and Timing Event Distribution
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Master Signal
Generater

RF Signal
Distrubution
Unit

Timing & Eent
Signal
Generator

Fiber (Om3)
Distribution
Unit
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SR-RF status

Storage Ring Booster




*VVideo & Audio system based on network |

*Device management

Remote monitor: VME ,Switch, UPS etc

*Network management system
*Based on SNMP
*Email. SMS alarm system (Next)
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18 HP7700 OPI PCs in the Control Room

e All the OPIs run on the Linux Fedora 7 and 1n ssrf.ac.cn
domain.

* OPI system running at control system has uniform runtime
environment.

* The edm GUI files are stored on NFS file server and all the
client can access 1t by a start script.
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* More than 60 beam lines could be installed in the ring
o 26 of them will be based on insertion devices

* First stage will also include 7 1nitial beam lines and experimental

stations

—  macromolecular crystallography

—  XAFS

—  hard X-ray microfocus

—  X-ray imaging and biomedical application

—  soft X-ray spectromicroscopy

—  diffraction

— small angle X-ray scattering respectively

5 beam lines are based on insertion devices, 2 are based on
bending magnets
— 2 wigglers, finished
— 1 elliptically polarizing undulator (EPU) , finished
— 2 in-vacuum undulators (1 finished, 1 will be finished in this month)
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EPU Control System Structure

10C & OPI
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We use embedded EPICS controller to implement ID control
—  DI/DO interfaces

— 2 Ethernet ports/ 1 RS232 debug ports/PCMCIA wireless card
—  Intel xscale CPU

—  CF card storage support

Full IOC core

—  Base 3.14.10 cross compile, CF card storage
Additional programming for converting Ethernet/serial (Full duplex)

Three types of EPICS applications running on it

—  S7 PLC driver

—  Power supply driver

—  PC Montitor application

*  Running stability

—  Kernel version 2.6

—  About 15% CPU loading, several tens of Mega storage
—  Full 10c core supported including sequencer

—  Startup 10c via /etc/inittab



Embedded EPICS Controller
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* SSRF control system 1s another successful application of
EPICS

* We benefit greatly from other control groups, especially
KEKB control group

« Ethernet and netDev (J.Odagir1) make our control architecture
simple and clean

* The control system was successful during the machine
commissioning, has reached design goal

 We hope can do some enhanced works 1n the future and
contribute to EPICS collaboration

Control Group SSRF CN, Shanghai, 2008
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Controller Manages
4 Gap Servo Motor
2 Phase Shift Servo Motor
6 Heidenhain linear absolute encoders
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P55
4 Correction Coils
Software Interface
2 in-vacuum undulator
— Step motor
- Diffirent encoders and so on
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