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System), J& 20 42 90 EARH] 35 [l i el 4 B 17
] ¢ S 56 35 (LANL) AR 57 [ 58 52 56 %8 (ANL) 55 1%
IR RBESRIE RS, KEES, Ciatd
AN KBRS TREDUE AR, 3 Sk -+
IR AR Rg RPN EE .. RARCH
LA LT ZE45K . EPICS £&5d £ 41 % Al
Sk, RADILCA R, CHEMEIT K SSRF il &
RVERTMF & AL SRR & Ein by &,
TP —4 EPICS H{ i 11 2 4t , Fl LA & %> SSRF
i RGPS e RS EIE. EPICS £
RALEHWE 1 s,

Equipment
Controller

il
il

Field Bus

1 EPICS =il &t 45 4
Fig.1 EPICS control system architecture.
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EPICS JEAH =#B/rHmk: (1) HE R0z
(Operator Interface, OPI), i Tl RGMI)Z, H
AU BN EH RAE MG, RN FHE5IMT RS
IEAEERE, . i AN BT R i N R4 iz
17, LIRS EORE /A B B AR
HFINRE . (2) O\ f )28 (Input/Output
Controller, 10C), i i Hild% & 4 B B 42 110 J5 XAz |
AU e A Pl 8, SEIREHE (1 S RAE . FH =1
WE . W EE Al 10C fiE R AbEESR [
Ry 2 A S5 s SR 480 (Local Area Network,
LAN), HIPLKM, EPICS ifid Channel Access 1
SEEL 10C A1 OPI iE R, (3) 1 &4% i #% (Device
Controller), FZFATIIA B IIER], BAIEHS
—RE B BB LRI 5 10C E .
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(Programmable Logic Controller, PLC). B LA M
FARP R R, —5 PLC T R RIF R T LUK MR,
T 315 B R AE R o
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/O BLHHLLE, 548 T A & rdEL%. LA
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SSRF &Ml R4t L AEARMZ BRI, BT
B P HeE R, Hos A I DLOK
KdtAT . HATE L GIR T T B 46 KFR 7 PLC %
AR A LUK R TR, EEBMHWT .

(1) B FA-M3 251, DARMESR:, IRahfefr
N EPICS Device/Driver Support for Network-based
Intelligent Controllers, % FH 7E B 26 Ho F#a 4% i R 40
FHCIRNLAS ORI R G R A R B R G

(2) #EI7F S7-300 H41), LUKMZERE, K3
¥4 sTplc EPICS driver, N F7E S #5354 R 5.

(3) WkaJe CPM2A #%1, RS232 LUK
%, WRENFET A SSRF il 2 BATH Ak, LM%
FARA I BRI S R 5.

AT e g 2 ) S AT LU I DA K X e 43 2 v e ds
Hl R G8, H HAE EPICS RGN #A AH M 115 4% 3K 3
FEFFATLMEFH . DRt SSRF 7E a5 Fa il A ok
FH DA Y45 A Ay il e w1 g 2

2 LAKPE Tl AR M

DA W2 244 BA ey 355 0 R FH 1) e 16 P DA
PSR . ZARAEE LT 7E LAN R A I HL 225
RRE S A3 J5 7% o DAOK W 7E B I 5 4 2 (7] A
10-100 Mbps  FIERALIE G B, WAL BG5S
v 10 Base To LAKIH T HARBRA . ] S DL &
10 Mbps 138 2 1fij BN B FH B¢ 132 16 DLOK I 47
Ko V72 i L L R B AR A0 7= i 28 B R FH e FH 3K
PO GEAT IS, TR .

AR EA R R (1) BAM AR EEL
WRER, RERALEAE T 2 HTEAMEMW
IEE MY, Ethernet A1 TCP/IP 1R 25 5 45 i A5 B 4%
RATYHFE; (3) REAE R — M2k _Lig 47 AN F L4 i
W M REEE I RGN A S 457 & sl FE Al i)
a, (4) FERARGE R, B8 T A 5 AT $
WA A; 6) WHZHE, SNRZHHEHARAR
PR, g LRSI 2 R E . i A2 T
B, BCNHEE ERSR—brdE; (6) RVFE AR
VIR R AN 5] B F PR 44 o

ISk, FEEMBEARIIRE, DLKMEEA
THEHIAE, TR TR I ) LK R 4 i X 4 AR
pe.E o £ e R ol 1| R S 1 o TR S s Y R e ok D 1]
R, TFRUG . & U AE R p e AR sk .
T35 3 2 0 10 M. 100 M IR HRSE BAK 32 S,
FIRLR M E AW L, 10 G PAKM IELERFIT,
HEZE W HAI A LB L.

TV LUK A (1) #F TCPAP B LUK
K E PR EIbRAE, PR SCOFI SN R B
RO HE, BAEHEEN; (2) nrsedlizfEvim,
wEzW; (3) A BERA AT DLREH A, W
FFIRAE . WAL J4F%; (4) WP, T
IETIRERTER; (5) XFIUREEME, Hsmr
MR, BiEA 2 AmEEIE H I (6) RAE
Gy V- TERRE, AN B 2 Gt i HY AN ] 0k}
Wik, ARARENARRLEARR; (7) WTHREHR
VR (8) Bldm bt &5 B AT LR LK 3% B 3
BE, BERTULEEEEEEHEENZET
TEOL, P&t mT DL i X 48 3R154 15 B .

IR S R R A Ay (R
PLC) #Bai#3 AR L, XSk &S Tk PAK
W L 28 iy B I T T30 L T2 )47 1) X 4% 1) R J 7 1
Tl UK I FEAE G5 LUK 5 A [ Bk |, 3@t R
WEE AL 5B ERAR, fiF S
BURIE SR G B S WAL BLE I R, AT
TEAFEIL G A58 5 78, 3k n] DL (8 Hh SEELAR
S BN, (S S B gk B ik, 780
K ISR N SRR DRGSR P v T A 5 8 B
AL ER A S, W BB (B2 A E (1), 2 LA R K2
B B SE SR

A LORPGERER PLC W] LB B3 S 454
W2 ANEALURMIERZIRER PLC, tn] sl
U, HEREEERIMNG . KUK B
FEHIE IR KRR, WK 2 fis.

10C OPI

| PLC with Ethernet Connectionl | Protocol Translation |
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PLC

2 BLRARHIE L

Fig.2 Device controller network configuration.

3 ETLIKMEARB)IR &IEH

H Al SSRF # fff H 1 PLC I £ 45 :
YOKOGAWA 4 # It FA-M3R¥ % % PLC,
SIEMENS A & 1) S7-300 #%1) PLC, OMRON ‘A ]
f\] CPM2A %% PLC.
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31 YOKOGAWA FA-M3R %&7%I PLC

SSRF LA R RGE . REE: B IFEB R
KRG ETWRIEHREME FEEHRGERH T
YOKOGAWA A A H FA-M3 %% PLC. @it 2
Wik 3 fros.

TCP Personal Computer Link Commands

loc [<—=| rLCcCPU

3 FA-M3PLC 5 10C R
Fig.3 Communication between FA-M3 PLC and 10C.

£ EPICS ¥ FELH T — & ¥ 2%
Device/Driver 37 b, IXSepides. @ HIKs)
BB 3 P A 4% S SRR R T BT SRR A 45 BT
) (15 52 193 % Bk (Device-specific module)®™.
AT WA 4 Fow .

| Record Support |

PLC DIM |

Device Specific Module Asynchronous I/O Library

Common Driver Support

| TCP/UDP Subnet Interface

4 FA-M3 &£ IKB)E5H
Fig.4 Architecture of FA-M3 PLC driver’s software.

3.1.1 &K EEL(Device-specific module)

A Re B B D) e A — M REA R
BT AS, RN RIS, T BRI AT EE
1t 3% B link field >R 3K 15 W0k 2 89 &
(Commands), &AM E RS E &I 34
e

(1) EHIFARHT A5 (Link Field Parser): 7EHI4G1L
1OC I}, JE 150 S il it sk 7 9 Link Field )
FAATT RAS )45 52 I8 38 (Channel) [ U hE(S 2.

(2) fir 473 K49 2% (Command Constructor): & 37.—
AN, RIEL TR E bk B as s WA R
B (write) {11, BEM 10C it 227 (Record Buffer)
A B3 Ay 47 5. (Command Message)

(3) Wi B fiE AT 2% (Response Parser): £ S &
(Response Message) ZIIA R AT FL N 2%, TE3AE ik
(read) )RG5 727 B B AL 12X 3] 10C x4
17 (Record Buffer).

3.1.2 5P /0 FE(Asynchronous 1/0 Library)

w8 110 PERLHGE IS — R AN R P dafedk 1
(Application Programming Interface, APk f L2
(5L & FR e A5, 7EIX 4 API H6L 75 T EPICS Hi 5t
W SCRIME AR . 78 110 FERE A £
B

(1) EHIYIGE R PIUG RS 3%
SBAAATT 2% SR 3 o 1 A AT B 5 (M bk . W)aR 4k
BRE AT LE A — PR 2540, 145 7R B AR T A
S5 RN AT [E1 Y (Call back).

(2 BHME/ISHRE. BRIBREE—IRRED
1/O HRH I 2 IR, 43 e W1 UG A AT 11O AL 38 58 R
WIGE AT, I A & A 48 R il — 26 H B
(message), H4E 1/0 15 KK E MPF (Message Passing
Facility)BA B, SR8 )5 38 1 S A (event) ) MPF.
FE 11O REBRSE RN, B2/5 R A A A, PRy
N7 A ATT 2R AE BRSO F 2 i D AR IR i s -

LA BR 0T LLRCN EPICS 7 DEST (Device
Support Entry Table) 5 (110 56/ 8 SCRFBLER 1)
3.1.3 B IKS) 3 £F(Common Driver Support)

A IKB S R AL —A MPF, BRI R
JIR %% %% (Communication server)iz{T T/~ [A] A7t i i3
%2 b (AR B A FR N server) o JITAg X T 120 i
WM /O WERISAE MPF I S FHET . —
MPF 4,5 DA T 45

(1) KixfE55(Send Task) U\I/O BAI 3R 1S 1/O
ER, M EWERE R REIZ A, IF
kI 4z i A ﬁ)&):ﬁﬂ%(block), H %
Receive Task 532l —M B4 5

(2) WCHUAE %5 (Receive Task): 46435 5 i 2 5
¥, /El5?ULF1H£H“HF%¢*E%§%%¢*E(% B, RE
{5 4% FH ZE (blocked) ) Send Task ZRFEE: 3~ — /M
W, AR AN EIY (Call Back)id =k ok 58 it
A 110,

(3) AW ALEE(Timeout Handler): 24 watch-dog
HE IR U 28 BA TE I B TRI S, B IR 1/0 AbEE.
[l A2 e — MR {E 2, ERROR.

YOKOGAWA FA-M3 %% PLC 7E3H CPU PI47
H T2 3 T R G R B T AR B ) A7 A X
i, It PLC A A WA, 87 FH G F fii i T 2
fir 4 (Personal Computer Link Command), 10C AJ LA
FLAEVT 1) e CPU AH BRI A7-fi X 32, SEII 10C X} PLC
FR A ] o L, I 308 VLI 35 i 2 T i) S N P8 5 s
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Command
Sub- | CPU ;
header] No. Size Command Parameters
1 byte 1 byte 2 bytes Size
Response
Sub- | Exit ;
header| code Size Response Parameters
1 byte 1byte 2 bytes Size

5 HoldE e 2 HE i
Fig.5 Data frame of personal computer link command.

Sub header K/NJy 1 AN, 55 1AL A A/
J%; (Command/Response)tr&fii: 0 Fonfnd, 1 E£n
W8 s Fl R 7 AL A e R AR, FRIRTE SR
P fT A2, CPU number K/ 1 AN, AT LA
WEE AN 14, FoREVjHE PLC CPU Si% (—4
RGN EZ %% 4 4~ CPU), Exit code K/NA 1
ANFET, RoRmAPATLEE R, exit code 0 FKoniE
W, AR 0 RRPAT SN A ERK A, AFRE
PRI N B ANFE R . Size KANA 2 Mo
A B N )75 KN . Command parameter 7R 1%
B Vi EE R ANE R, SEPRN AR T K
K fr 425, Response parameter L35 A4 )
R, HOR/NFIN AT R IE a2 R4 .

3.2 SIEMENS S7 %% PLC

SSRF 1L il #s 12 ] R G MG 287 N 51 H &R
girhfdi F SIEMENS S7I%%1 PLC. EPICS 57/
F AR5 PLC K H P A7 i A2 e 1) 5 st A7 am i B
1E 10C A1 PLC MINAEIX & B H— A7 T

@i, i FEanE 6 s .
Send Buffer TCP/IP Send Buffer
S ———
Receive Buffer Receive Buffer
10C PLC

6 71¥F PLC 5 10C #ifUR &
Fig.6 Communication between SIEMENS PLC and IOC.

IR R : % PLC 5 10C i@id Ethernet
#Ar TCPIP #Hz; #AJ5 PLC BHANAFIXH Send
Buffer (%) %4k @ i H LAK PR € 15 5] 10C 1
Receive Buffer %1%, PLC ] Receiver Buffer Nl g i+
Rk 8T 10C Send Buffer fj%#E . 10C HizfT
(19 B 31 8 A4 7E 9 A7 % B AH B [ Send Buffer Al

Receive Buffer, 52 Hit4 Send Buffer f%E —IF &
IXF| PLC, FHHEE AR E T Receive Buffer.
IOC F1 PLC 11 Send Buffer £l Receive Buffer ii] LA
MR 75 SRk v e b R /N o

KM E 7T TR F e E L 10C i PLC
A i I TRE A7 X 33k, A7 10C H A b #E PLC
RAILGATIX B I A& R R, FEAREE 7 i)
Azl PLC HINAE: 10C R gzl PLC LUK
PEHLE B A IR SR E R, ASBESERS Ui PLC 1Y
CPU W A7. [AIFE, PLC fER:ILE] 10C K& R AIEL
Pz Ja, EERRYEF 2w A s kAT AT,
WG REHHAT T — Db .

33 OMRON CPM2A &%l PLC

A AL EH R BERE R & EH R
OMRON CPM2A %% PLC, 5 OMRON CPM2A
A% PLC #4780 W ER A H Host Link 148 Host
Link JE{5 & — B iE R BE P, XR R,
PLC Xf HH BT HHUKIE R & RIENEES. 18
PLC B EFR@EGET. ZSLUS CPM2A idE i,
s Bl RS232 1) H iz Host Link #% 014

ZAS PLC B T4 PLCE®, IR AH R
IR M i, Heg@idH CPU L) RS232
H 05 EAL 10C BTN, PLHSZIXTE PLC Bt
FEHIA R Bl JEfEddH] . EPICS FH AT
IR Channel Access, %W 3E T Ethernet
FiR, Bzl IR TR, Tk E 1115 54 pk Ethernet
{55 MOXA A" A= 8 il %5 4% NPort5610 H
A H B DR ) B i AL e 7. Rk mT LLIE
1t NPort5610 iz 4% il iy & 2l PLC B H 1. #2841
M4 TR ©F EPICS I & il & 1k %5 4
NPort5610 ¥ RS232 & 1115 54%1% % Ethernet 1)
KB HARSLHE T a7 s

TCP/IP
Serial Port Server
\
Host Link i.:
Protocol ::
v~

7 Wik CPM2A 5 10C il U7 =0
Fig.7 Communication between OMRON CPM2A PLC and
10C.

4 ZEVE

EHEPEIRSE R R SR EPICS 451, 24 R4
JRJE B P 28 K40 A PLC. X T AR IR 4%
Hila, ASE ZORBU Rl A AT F, —
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M EEEIS I B3 T, IR, W
DeviceNet. Foundation Field bus. Profibus 5. £ ##
M3 B BB AR AERIA— B, A T RGEHT
RPIMERE, i HAFE AR I S i, din
KT T HEAE 0 R G0N 25 LA

SSRF #% il RSt PLC & 42 il 2548 A LAK M
HERHOR, AMAFL TEH RGN, W HIE RS
JRG— VAR, KOKID Tl ks, 7
BT RGPy RE; RN BTA X & 6450
FE o 44 S8t T ] DAIE Ik DAOK WX I B2 RS2 B

SE 3k
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Application of Ethernet technology in SSRF control system

ZHOU Dayong LIU Dekang LIU Yajuan SHEN Liren
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)

Abstract Background: With the development of computer technology and Ethernet technology, programmable

logic controller (PLC) has the ability to access Ethernet with its Ethernet communication module, so the device

controller can be connected directly to the Ethernet network. Purpose: The aim is to apply the Ethernet technology

for the accelerator device controller to the upper-level control system. Methods: The Shanghai Synchrotron Radiation

Facility (SSRF) control system is based on the large-scale software EPICS (Experimental Physics and Industrial

Control System). The EPICS communication is mainly based on Ethernet technology. Control devices are connected

to the EPICS either by their self-contained driver or by implementation of the approriate Ethernet application program

interface (API). Results: PLCs with Ethernet connection are widely used in SSRF device control system whilst other

control devices are connnected to EPICS by developing Ethernet API. Conclusion: The Ethernet technology ensures

good reliability and easy maintenance of the SSRF device control.

Key words Ethernet, EPICS (Experimental Physics and Industrial Control System), Programmable Logic

Controller (PLC), Device control
CLC TL503.6
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