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m SSRF MPS introduction

MPS (Machine Protection System) is one kind of dedicated system
which is designed to ensure safe operation of a large scale machine
such as a synchrotron radiation facility.

SSRF (Shanghai Synchrotron Radiation Facility) is a third-generation
of synchrotron radiation light source. The energy of storage ring is
3.5GeV, and the current is 300mA. Up to now, SSREF is the biggest
scientific platform for science research and technology development in
China.

SSREF is consists of three division: accelerator division, beam line
division, public service division. The MPS we introducing here only
concerns MPS works of accelerator division.
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m SSRF accelerator layout

BOOSTER

STORAGE RING

SSRF MPS

® Storage ring: circumference 432m
20 cells

® Booster: circumference 180m

® Control system are based on EPICS



m MPS concerns

® \acuum system

® Power supply system

® RF system

® |njection and extraction system

® Gate valve

® VVacuum component temperature

® Cooling water temperature and flux

MPS is an interlock system connecting to these systems.



m [nterlock signals in MPS

® Temperature signals (PT100, 3 wire)

» vacuum component temperature
» cooling water temperature

® Switch signals
» vacuum warning/alarm
» gate valve open/close status
> water flow switch
» system/device status
» system/device permit



" A
m \We choose PLC as MPS controller

® PLC is the best choice for MPS because

» The process of interlock is simple
» interlock signals are large number of ordinary signals
» need high reliability



" A
MPS controller use high reliability PLCs.

m MPS architecture MPS is a hardware level interlock system.

Network commutations is only for
OPIl  |monitoring and event

I Recording.

I0C

I Network communication

MPS controllers (PLCs)

Hardware
interlock signals

Vacuum Power RF Injection/ Gate |Tlemperature gitfjr

supply Extraction
system system valves Sensers .
system system Switchs




m MPS is a distribution system

To other system
in control room

Ethernet

To local control systems

* PLCs are connected to |IOC by Ethernet
» We use cable connections for all hardware signals (include signals between PLCs)



" A
m Distribution of PLCs_,

& © LAMS PLC (1)

e BS-MPS PLC (2)
Total: 25 PLCs e SR-MPS PLC (20+1)
CQﬁtro|°r ® Control roomPLC (1)




m Basic technical specifications requirement

® Response time
» General interlock (not include temperature) : 10-30ms
» Vacuum fast leak interlock (beam line): 1ms
(solve by special device, not include in PLC)

® Reliability
» Insulation interface
> Interface operating voltage: 24V
» Max cable length: 500m (some risk)



PLC modules used in MPS

Module Type Specification
CPU F3SP53-4S | 56k steps, 4096 1/0, 16k/16k/32k
Ethernet F3LE11-0T | 10/100M, TCP/IP
DI F3XD16-3F | 16point, 24V, 4.1mA, 0-16ms, solderless terminal
DO F3YCO08-0ON | 8point, Relay contact, 10ms
DO F3YDO04-7N | 4point, Transistor contact, 3ms(ON—OFF)
Temperature | F3CX04-ON | 4point, sampling period 0.2s, accuracy 0.1%
Remote 1/O F3LRO1-ON | 10Mbps Fiber-optical
F3LRO02-ON
Power supply | F3PU20-0S
F3PU30-0S

Base

F3BU13-0ON




m |/O signals statistics

DI DO PT100
signals | design | signals | design | signals | design
LA MPS 60 80 10 24 4 0
BS MPS 86 128 22 48 0 0

SR MPS 1188 1760 140 260 876 1072

Total: 1334 1968 172 332 880 1072




m PLC modules statistic

BASIC Modules

pLc |_ERASE. Fap RYer SUpR) )30 Efepds. Eiferggt Fal R01EAPYES) RO,
S ON 0S 0S 4S oT ON ON
LA MPS 1 1 1 1
BS MPS 2 2 2 2
SR MPS 21 46 46 21 42
I/O Modules
F3XD16-3F | 3YC08-ON | F3YDO04-7N | F3CX04-ON
LA MPS 5 3 0 1
BS MPS 8 4 4 0
SR MPS 111 0 63 268




m The PLC programming
= \We wrote six ladder program totally:
LINAC, 1 ladder program
BOOSTER, 2 ladder programs
STORAGE RING, 3 ladder programs



m The |IOC

We wrote 1 db file for linac MPS,2 db files for booster
MPS and 7 database files in the storage ring MPS ioc.

The records sum is about 12,000.



m The input signal transaction

input signal active

reset
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We only experienced one small problem:

OPI response time:
onlyusebianddi = ....... response time =3S
mbbiDirect instead of bi ....... response time =1S



m With the help of Odagiri-san, we add new record type,
named status, it can read 64 words data one time, we
changed the running database, using the status type
records instead of the ai type records. After all this had
been done, the problem are solved.



FA-M3 PLCs are stable, easy to use, very good
products.



m [Linac MPS PLC and control panel

[home/ssrf/prod/opi/edi/linac/mpsla_mps_monitor.ed|
LA-MPS Control Overview
Linac System Status MP$ Output Signals
Signal Status  Bypass Latched  Reset Signal Status
PPS status 1 . . D ‘500M amplifer igger enable: .
PPS stalus 2 B B 36 anplfer 1 tigger enatle B
Door status of EGUN shield room . . D 3G amplifier 2 tigger enable .
Energency stop 1 ] B Modulator 1 prepare igger enable [}
Energency stop 2 ] [ R | Modulator 1 tigger enatle 7]
Baoser staus ] [ R | Modulaor 2 prepare igger enable B
Storage Ring staus 1 ] B = Modulator 2 tigger enable ] EXIT
Storage Ring staus 2 ] B = EGUN tigger enable [ |
Vacuum System Status Microwave System Status Cooling Water Status
Signal Status  Bypass latched Reset Signal Status Bypass Latched Reset |  Signal Status Bypass Latched Reset
OIS | [ | Meerondetoce s [ | B [ | WaterfowSH1 [ | [
Gate Valve 2 status . . [0 | K1 waer temperature 41 . . [ | Welerfiow sz . . (=
Vaoumvaring [ ] B | civatertenpervese [ W [ | Weerfou s O [
Vacuum Waring 2 . . (= K1 water flow SW1 . . [ | Welerflow st . . Resat = = =
veunvanrg) [l B, i = /ssrf/prod/opi/edi/linac/mps/temperature_monit|
e o 542 B [ g |
:ammmmg: = = g K e o 59 ] B | tetwsts [ [ i
acuum waming -
wmm | g | G 0 B | s W | Acceletrator Tube Temperature Monitors
Vaoumarning7 ] B | ket 0 W [ | faerfowSwe [ | [
Vacuun waring 6 [ ] B 0| rweenpriesns [ B [ | WaterfowsHs [ | [
Vacuun waring 9 B [ Kovatrenperstie e [0 W [ | Weertowsio [ ] B O
Vaowmvanngle [ B O Wt fow W11
vy [l g 0| n Bd = 8 d No.1 Accelerator Tube Temperature 4295 ¢
s K2 vt o W2 ] B | tetwvsviz [l B D
vaumvaringz [l [ [ yarwss "=
vomarns [l g = | e B | R No.2 Accelerator Tube Temperature 4313 C
vounvarngts [l m | ropmerapy ses [ ] B ]| taetovsie [l [ [ c
venvarig’s [l B | coeoesss 0 B O | e [ O No.3 Accelerator Tube Temperature 43.08
Modulator 1 status [ ] W [ | VaerfowSie B B D c
e o2 B B vewsn W [ W No.4 Accelerator Tube Temperature 42.87
wartowswe [ B I




m Booster MPS PLC and control panel

/home/ssrf/prod/opi/ed|/mps/b:
' BS-MPS Control Overview
. TH b v Booster System Status Booster Ring Vacuum Status LTB Vacuum Status
Signal Status Bypass Latched Reset Signal Status Bypass Latched Reset Signal Status Bypass Latched Reset
B1 power supply status ] B ToiBAGT [l B [ 08P ] [ I |
B2 power supply status m [ T | ToiBaGz [l B
B P B | T m | wo B S —
I— QD power supply status B ] = TozeaGz [l B [ 100P | | B [
HT B power supply status ] | : UKL =] O :’ BTS V: Stat
E Tsmes = ‘acuum Status
% Injection system status [ ] [ ] |: l:, .
r. T08BAG B 5] :, Signal Status Bypass Latched Reset
— ] Exraction system status [ ] (] =3 m =
T08BAG HT-1
B RF System status ] ] =) u |
- g | ™ = B [ w2 @ m [
PPS ststus 1
rl: PPS ststus 2 | | [ | e m u :’ i - = :,
3 T13BAGT ] (] HT-4 :’
Emergency Stop 1 (1o BPHT) [l (] =) oz = — (] [ |
HT-5
Emergency Stop 2 (to BPHT) [l] (] |:, T14BAG B I :' u u
Emergency Stop 3 (0 8PH2) [ E [ nsast [ B = Vacuum Gate Valve Status
Emergency Stop 4 (to BPH2) [l ] : TISBAGZ ] [ | :l Signal Status Bypass Latched Reset
MPS Interchange Signals (H01<-->H02) Gl ] B [ m W [ |
Signal Status | B [ rNG2 B
TI9BAGT
BPH1 Output (Stop Gun Trigger) ) ] B [ ane-1 [ B[]
BPH1 Output (Stop Injection) ] elBaG ] (] = BTS ] [ |
BPH1 Output (Stop RF power output) @ T2zBAGT [ ] (] :’
BPH2 Output (Stop Extraction) () et [ B SR Status
MPS Output Signal Teseact [ E
Signal Status Bypass Latched Reset
Signal Status T27BAGT (] (] :
Gun Trigger @® TereAG2 [ ] : SR status1 [l [ |
Injection ® e A stawsz [l B[]
il ° C (=
e o W n




" SSRF MPS

m Storage Ring MPS PLC
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m Storage ring Control panel

Jhome/ssrf/prod/opijedl/mps/sr_mps_master_monitor.edl

SR-MPS Master Controller

Status of Standard Cells Status of Standard Cells
Cell Status Detail Cell Status Detail Signal Alarm Bypass Latched
cot Bl [m Open:l cn 1] |m E1 Openl 1 status ] ]
ciz EE] = /home/ssrf/prod/opi/edl/mps/./sr_mps_cellbc_monitor.edl
«w HED coi2 @@0 SR-MPS Standard Cell Overview
co4
BEan ) ) Vacuum Components Temperature
Cos ..D Signal Tem  Setting Readback Alarm  Bypass latched Reset Signal  Tem Setting Readback Alarm  Bypass latched  Reset
YCTS1 273 0.0 40.0 ] O (== VCTS14 28.3 00 40.0 ]
coe ] vcTsz 272 00 400 O B = VCTS1S 283 0.0 400 ] ]
co7 Bl VCTS3  29.0 0.0 40.0 ] ] == VCTS16 286 0.0 40,0 O O
¥CTS4 290 00 40.0 B ] = VCTS17 288 00 40.0 O =
cos  EEC] VCTSS 280 00 40.0 o ] == VCTS18 286 0.0 40.0 O O
cog EED VCTSE 287 00 40.0 [ IResetl g 00 0.0 _ _
..D YCTS7 304 0.0 /home/ssrf/prod/opi/edi/mps/./sr_mps_vacuum,.ed|
c10
VCTSE 301 00
VCTS3  30.0 00
Signal VCTS10 28.7 00 )
. YCTS11 293 0.0 | Gauge Wamning Alarm Export Bypass Latched Reset
RF power output permit( _ _ _ 1 d
¥CTs12 234 00loeecs @ B B 0 | GE= Jhome/ssrf/prod/opi/edl/mps/./sr_mps_gvtable.edl [
RF power output permit( VCTS13 29.2 0.0
, veecs [l [ W C)rea SR-MPS Vacuum Interlock and Gate Valve Control EXIT
RF power output permit(| Signal Tem 9 |o1Bact . . . :
RF power output permit(} :x::; 22'2 E' 01BAGZ . . . [__1|osBag Gate Valve Interlock Open Close Status Pressure Gate Valve Interlock Open Close Status Pressure
SR Injection permit VWTS3 298 of [mEees [ [ B [Jfoesag | 01Gv1 @ O =& Ee = T1GY1
vy || v @ B @ W Sped| e & D O EE w e == mm ®
_ ’ . Tlozeacr [ B E B [Jfoeag
GUN Trigger permit 2 VWTS6 295 0. 02Gv2 @ D = EE o 12Gv2 ® O O EE BN
} ) VWTS? 296 of [02Becz [ [ B [CJforeag
BS Extraction Permit1 s il |eemaes . . . : R 03GV1 13GV1 . I: |:| . . .
BS Extraction Permit2 VWTS3 280 Moeess @ W W B |oeed 03Gvz @ O =& Ee O 13Gv2 ® [[O O ENE
04GV1 14GV1
VLI o o eact [l B W | 1| 0sBac © LI L EE =
VWTS11 295 0. 04GV2 ® O =@ EE ] 14Gv2 @ O = EN
VWTS12 295 of|oseacz [ @ B COjoseag [ gy e ) = = HEE m
VWTS13 292 04 | g3zaca sBad
oy H B e [ O WHE N ¢ T — HE
VWTS1S 292 ofee« l W B | | L e @ O B2 Ee ] 16GV1
VWTS16 ueact [ E H B Cjossac [ osave © = = EE 18GV2 ® O = EE B
. 04BaG2 [ | [ [|oseag 07GVA 17GV1 . | e ) .. .
Signal
DC power supply status | | 04B8G3 . . . [__1|osBad 07GvV2 @ {[Gpen | [Clozc| | = 17Gv2 O e I [Giase] EE
DC power supply status 04BAGH . . . m . : 09Bad 08GV1 18GV1
Insert device ststus 1
et dovice e 2| (92267 B [J|voeag | osGve @ [ EE NN ] 18GV2 ® O O EN =
Frant end status 1 (=LY | ] B [Cfrosag (oaHL 19aul
Frant end status 2 oseacs [ [ B [J|voeag | 09GV2 @ O O NN O 136Y2 ® [ O EE §N
Front end status 3 10GV1 20GV1
05BAG4 10BAG
Frontend sats 4 L L =L 106v2 @ [ EE = 2062 @ O EE B




Thanks!

SSRF MPS



