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Sub-systems Control of SCC

= Control Philosophy

= Control Network

= Cryogen Delivery System
=  Magnetic Field Mapping
= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies

= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

=  Central Console
= Beam Diagnostic System
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Superconducting Cyclotron
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Sub-systems Control of SCC

1/30/2013

Control Philosophy

Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console

Beam Diagnostic System [ Subsystem 1 ]

Monitoring and Control Philosophy

Public Network

[ SAN System ]
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Sub-systems Control of SCC
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Control Philosophy
Control Network

Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies

LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

Control Network

Floor Switch

Distributed

1 Multilink

1 Trunking 4 Gbps
(DMLT)

ERS |-

dD 4 Gbps DMLT

ERS

Floor Switch

Central Switches

= |solated from VECC Office LAN.
= Star topology: 2-Tier Design

=  Fiber Gigabit Backbone and end-to-end

connectivity

= Node level speed: 100 Mbps.
= Service zone: CAT5E UTP Cabling

= Tolerant to single switch / link failure
= Network Management Software (NMS)

PlafAC-2072, VECC, Kotkata
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Sub-systems Control of SCC

Control Philosophy  Qverview of cryogenic plant

Control Network |
Cryogenic Plant control system

Magnetic Field g LAYER 3
Mapping EPICS IOC For | GUI + Alarms + Archive viewer EPICS Data
four PLCS | | Archiver & Server

=
-
b 2
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b 2

ECR lon Source
RF System
Vacuum System

Magnet Power
Supplies

LCW System

Trim Coil Cooling
System
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Sub-systems Control of SCC
= Control Philosophy

= Control Network

= Cryogen Delivery System

=  Magnetic Field Mapping
= ECR lon Source

= RF System

=  Vacuum System

=  Magnet Power Supplies
=  LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

= (Central Console
= Beam Diagnostic System

1/30/2013

Vacuum jacketed cryogenic transfer lines

Liquid nitrogen shielded cryogenic transfer line
Distribution manifolds
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Sub-systems Control of SCC
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Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping

ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

Magnetic Field Mapping

Vault
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Sub-systems Control of SCC
= Control Philosophy

= Control Network

= Cryogen Delivery System

=  Magnetic Field Mapping

= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

=  Central Console
= Beam Diagnostic System

7/30/2073

PlafAC-2072, VECC, Kotkata

Field measurement at
different excitations up to
~26” radius & on discrete
azimuthal bands beyond
26” radius

Correction of average
iron field distribution,

Minimization of first
harmonic component,

Coil centering by support
link force balance

Automated High speed
data taking - ~ 90 min per
100K Data Points

70 micron radial encoder
resolution

0.004 deg. Angular
Encoder resolution

70



Sub-systems Control of SCC
= Control Philosophy

= Control Network

= Cryogen Delivery System

=  Magnetic Field Mapping

= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

=  Central Console
= Beam Diagnostic System

1/30/2013
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Deviation from three fold symmetry - Contour Plot
Shimming to Correct Average Field Profile
Shimming for First Harmonic Field Correction

First Harmonic minimization by adding iron shims
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Sub-systems Control of SCC ECR lon Source & Injection Line =
= Control Philosophy S —— .

=  Control Network = 2~
= Cryogen Delivery System
=  Magnetic Field Mapping

= ECR lon Source

= RF System

=  Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

= (Central Console
= Beam Diagnostic System

=  Power Supplies for different units such as ECR coil, solenoid,
extraction electrode, analyzing and bending magnets

= Vacuum Pumping modules, Gate valves and Gauges.
= Beam diagnostic elements like Faraday cup, collimator, slits etc.
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Sub-systems Control of SCC
= Control Philosophy

= Control Network

=  Cryogen Delivery System

=  Magnetic Field Mapping

= ECR lon Source

= RF System

=  Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

= (Central Console
= Beam Diagnostic System

1/30/2013

GUI of ECR lon Source Control

15} Yecc140903. vi

Current from Cyclotron|

Coils power suppl
.

=

:_ — Forward Power

. —
etlected power thip Reflected Power
10 1s0 200 210 2é0 230 240 250

Source Parameters

Intermediate valve

Interlack P
:B.0cE3

Ethernet based
DAQ module

Beam line
Vac. Param.s

PSs Parameters

FPlaPAC-2012, VECC, Kotkata
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Sub-systems Control of SCC

Vacuum Control

= Control Philosophy

= Control Network

= Cryogen Delivery System

=  Magnetic Field Mapping

= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies

= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

= (Central Console

1/30/2013

Beam Diagnostic System

&, SCC MAIN MACHINE YACUUM SYSTEM 3:41:59 PM
User Operation Monitor Trend Device Set-point Back

Communication Status: VGO004

BTS Status:
Upper Liner

Beam Chamhber

Lower Liner

VG0400

VG0002
V0403 Wo404 V0103

2 136E-07 0. 000 E+00 .
YG0402 VG102 VETE
Vo102
3.0052-03 [P Gk LI83E-04 1.892E-05
VG401 VG101 VG020

VPO401 VPO101 VP0201

YP0402 YP0102

=101 %]

VGO603

4. 725E-02 R

VPO601
5. 699502

VMOG

VLIRS ). 000 E+00
4.435E-02 VGD602

VG060

VG003
V0303 Interlock Status Set-points

VP0602

e
-

VG0301 5.0E-01

VPO301

VP0302 2.0E°06

Speed (RPM) QEFEETN ) 41433 42000 41252.4
Current (A) 8.7 0.68 0.63 .69

Beam chamber : 10 8mbar

Liner : 102mbar

PlafAC-2072, VECC, Kotkata

Turbo-pumps backed by Scroll pumps, Rotary pumps,
VPI valves, gauges
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Sub-systems Control of SCC
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Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System
Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

Loop Control in SCC Vacuum System

Control logic for operational
sequence of roughing pump
during sudden pressure rise
SCC beam chamber

If pressure BC2/3 > 1x10“*mbar

— HV gate close
— TMPON

If pressure BC2/3 > 2x10“*mbar

— Scroll pump start

If pressure BC2/3 > 5x102mbar

— Roughing valve open

If pressure BC2/3 < 5x102mbar

— Roughing valve close
— HV gate valve open

If pressure BC2/3 < 5x10“*mbar

— Scroll pump switch off

PlafAC-2072, VECC, Kotkata

Pressure Falling
[(IL SP RV GV

5x107°mbar

Pressure Rising
GVRVSP IL

3x10 mbar

5x10”mbar

2x10 mbar

1x10”mbar

8x10°mbar
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Sub-systems Control of SCC

1/30/20173

Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

“CK Cer,

1 -
Control Architecture of MPSs
S
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M
¥ I e CONTROL
k ROOM
LI}
il -—=
iyl
cENTRid swilrcH |
MTIIIY L
ETHERNET SWITCH
RS422
-t s FIRST
i MAIN MAGHE T
ADAM 4570 RS-422 |y FOWER SUPPLIES FLOOR
ETHERHET SWITCH -

@ — . . . B . . o

ETHERHET SWITCH ADAM 4570

EgpEER

MEZZAHINE

— TRIM COIL POWER SUPPLIES —
I @ HS-*IHSI — — S
AD AM 4570 |27 28| [29] 0] 11| 212

RS-485

———— 1 BASEMENT
13| | 14| 2 15 i.:'.:'wi |n11| ﬁ'.'1a|

TEIM COIL POWER SUPPLIES |

= Main Magnet Power Supplies (Nos. 2)
— 20V, 1000 A, 10 ppm

=  Trim Coil Power Supplies (Nos. 18)
— 400 A, 10 ppm

=  Windows based GUI developed in VB 6
= PS with intelligent controllers and serial interfaces
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Sub-systems Control of SCC
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Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

& CONTROL CONSOLE FOR MAIN MAGNET POWER SUPPLIES

GUI of MMPSs & TCPSs

Ty |

ALPHA PROFILE DEFINITION
SL. TIME START END
(A)

ALPHA PROFILE

ALPHA CURRENT (&)

ALPHA COIL

POWER

INTERLOCK CLEAR | CLEAR

CTUAL CURRENT: 481.26 A

SET CURRENT: 481.250 A
2 | R ser | uar || [CURRENT DRIFT: 00001 A
1300 2600 30 5200 sec || syop | coMTiuE I—STOPPED PROFILE #2
BETA PROFILE DEFINITION BETA PROFILE BETA CURRENT (4) BETA COIL
SL. TIME START END
Sec) POWER | on |

INTERLOCK CLEAR | CLEAR

|ACTUAL CURRENT: 356.22 A

[004.200 A
< @

RSE MEDIUM FINE

fs]
=l
=

005.900 A

COARSE FINE

SET CURRENT: 356,250 A
[£]
CURRENT DRIFT: 000,03 A
[ — SET | CONTINUE + 000!
DELETE| INSERT 912.5 1825 2737.5  3650Sec STOP HALT STOPPED PROFILE #2
GUREENTEINE BRI COMMUNICATION
SETTING ALPHA SETTING BETA SESSION HILICS

END SESSION

ALPHA: OKAY
BETA: OKAY

SET BOTH PROFILES

INTERLOCKS

ALPHA ON

BETA ON

RESET ALPHA

ALPHA OFF| BETA OFF

RESET BETA
SHOW ALL

2906.25
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10.0000
085000
125000
12.5000

MODE
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END SESSION
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SAVE
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Sub-systems Control of SCC
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Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Trim Coil Cooling System

Radiation Surveillance
Monitors

Central Console
Beam Diagnostic System

LCW Plant

= LCW PLANT

SCC LCW PLANT

M B Inlet Pressure
thffs_q Cm)

M B Inlet
Cond.[uSi)
Make Up
Water FM (Cu = 1542
M/Hr)

‘ Mixed Bed FM
SCC PIT Level (mm) (Cu M/Hr)

| 548.23 | |_ &

t% 0
MB I.:.Iisch rge
(PH)

CT Return CTFM
Temp. (C)) (CuM/Hr)

sy o
R S

CT Dlschsrge

f T

PlafAC-2072, VECC, Kotkata

'23 54
J HX Incom. HX Inlet Pres|

P Disch Pre
(Kg/Sq Cm)
11.3

P Disch
Surge Tank .z Cond [u5i) P Disch

FM (Cum/Hr ‘Gl 0. ?6 emp ()
107.96 )

(Kg/Sq Cm)

&) 12:13PM
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Sub-systems Control of SCC
= Control Philosophy

Trim Coil Cooling System

= SCC LCW System
Flant OPT  Trim-coil  Set point  Configuration  Tumer

= Control Network

. SCC Trim-coil Cooling System 12/15/2011 5:34:38 PM
= Cryogen Delivery System
. Mognetic field Mapping
= ECR lon Source
FT2 {cuM/hr} bLl o Ll ¥
" RPoystem B0 e | el e s [
= Vacuum System B {0 @

s s y'y r ) &

T1(C) T3 (0)

17.48 17.5
TS [C]. FT1 [ll:qu’hr]
* X - (£)3251.2
l —
CV1 (%) 11.7
l
| ._@ 7.83

=  Magnet Power Supplies
= LCW System
=  Trim Coil Cooling System

CV3 (%) ]E.o

= Radiation Surveillance

Monitors f
T6 (C)
* Central Console —GF) 0.43
. . CT (uSi)
= Beam Diagnostic System
L =(§@)3251.2
{4} !;_""., PT (bar)
'T.;El‘; i [ =lal m i SCC Trim cail temp ca. . @ MsMCoreFiles o | SCC_LCW_inc o B % U s34 pM
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Sub-systems Control of SCC

7/30/2073

Control Philosophy
Control Network
Cryogen Delivery System
Magnetic Field Mapping
ECR lon Source

RF System

Vacuum System

Magnet Power Supplies
LCW System

Loop Control TC Cooling System

w SCC LCW System

Plant OPT  Trim-coll  Set point  Configuration  Tuner

TWWT

FT2 (cul/hr)
N0
MT!

Trim Coil Cooling System 2]
W1
Radiation Surveillance cv2
Monitors Cv3
Central Console PV [26 66765
. . SP [25.82374
Beam Diagnostic System oV [4256557
TITI
SEC-A Tra Cloze
, R . Aistare| | & ¢ [ | B Lcwinc [}, SCC LW System
5 m rb Tr
SEC-C Tre

MAGNET

SURGE

—4—‘_

CHILLED
WATER LOOP

TAMK

Tr = AVE(Tra TrpTrc)
Tp = AVE(T:,Tr)

AT = DIFF{ Ty o T

TRIM-COIL COOLING LOOP @
-

Ccvil

Ccy2

cv3

SCCLCW PLANT

FlaFAC-2072, VECC, Kotkata

SCC Trim-coil Cooling System

T2/i0)
2721

FQIJ

T (0)
2643

MAGNET

i

T10 (C)
27.61

3

CC A/M
TT AMM
DG

PG

D

TI

SP

50
02
20
[ 2657

2h.82
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Sub-systems Control of SCC
= Control Philosophy

= Control Network

= Cryogen Delivery System
=  Magnetic Field Mapping
= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

=  Central console

= Beam Diagnostic System

1/30/2013

LAN based two layer architecture

PC based soft meters for monitoring of all parameters

Assignable soft knobs for controlling multiple parameters

On-line numerical trending of important parameters

MySQL Database for control parameter logging and historic analysis

PlafAC-2072, VECC, Kotkata 27



Sub-systems Control of SCC
= Control Philosophy

= Control Network

= Cryogen Delivery System
=  Magnetic Field Mapping
= ECR lon Source

= RF System

= Vacuum System

=  Magnet Power Supplies
= LCW System

=  Trim Coil Cooling System

= Radiation Surveillance
Monitors

= Central Console
. Beam Diagnostic System

7/30/2073

Beam Diagnostic Components

— Acceleration Chamber

— Main Components
— Main Probe

Beam viewer Probe
Slit
— Auxiliary Components

Magnetic Channel

Inflector
—Beam Line
— Faraday Cup
Beam viewer
— Slit
PlafAC-2072, VECC, Kotkata 22
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Beam Diagnostic System . .
= Diagnostic Component Internal Beam Diagnostics Components

=  Probe Control

=  Profile

Glass

o window
Illumination from

ZnS PladS Plate

Borescope placed
inside the tube

Beam striking t
ZnS plate

7/30/2073 FCaFAC-2072, VECC, Kobkata 23



Beam Diagnostic System

= Diagnostic Component

=  Probe Control
=  Profile

Viewer Probe Control

BORESCOPE €CD CAMERA

SUPERCONDUCTING
CYCLOTRON

i, Borescope

' ULINEAR ENCODER

= |
DRIVING
MECHANISM

Stepper Motor Driver

Read-Out System

Valve control/Read

EEX]

Settings  Speed  Zone

RUN |

Stopped

STOP 10.0 Cm Reset |

Current Position

LSS csessmm—— L5 aamm LS5
[

1 5 Cm. Absolute Position

haintenance Zone
Probe Position

i/l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Operation Zone

7/30/2073

PlafAC-2072, VECC, Kotkata

SERVER PC AT

RS232
RS485

CONTROL

LAN

BASEMENT

CLIENT PC AT
CONTROL ROOM

24



Beam Diagnostic System
= Diagnostic Component Internal Probe Control

=  Probe Control
£ ERATING POINT LOCATION
= Profile /29/2012 3:30:06 AM  lon: N2+ MHz, 31.9 kG, 4.5 MeV/u T

3 BoreProbe Monitor : Connected B

Position————— ~Probe Paosition

R 6989

s 699.3 FMT § sTas

® Track Out

MOVE Probe Currett bt} mo—r 71— —
p 4 Top ChS  [@ Mid Ch6 [ Bot Ch7 O GV Open
® GV Close

STOP
@ DR Probe Ch8 [ Def Probe Ch9 [ 110 ® Flow SW

Interlock Status—
®ENDLS

® MDLS

@ STARTLS

=== |

E1_Exit- Ch6 - —— Ch7 —— Ch9 C Probe Delta R Ch8 M1 Ch10 ——

0.01 -0.02

Main Probe Current ¥s. Radius Mid Cugantiime/xcan

Current (nA)

L EndLS (Cyclotron)  Operation Zone
= A

’—Probe Position

[0 e ——_—_— sl
Reset Position

: i arR .
— b L3
Track IN Motor Stoooed 10:17:18 t

w. Absolute Position of

Radial distance of Mainprobe
rom Cyclotron centre (mm)

125.36

Channel
1l immane diabaman af Maimmeals
istart| | [0 3 1 2 @ @ Y ) | 3 OPERATING POINT LO... | 8 Main Probe Monitor | 14 14.0015MHz.bmp - Paint ] & BorePrabe Monitor : Co...| B Magnetic Channel Post... || 55 Absolute Position of .. |\ 10:17 At

25
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Beam Diagnostic System

= Diagnostic Component

=  Probe Control

=  Profile

7/30/2073

BE=] Beam Diagnostics Components

M8

@

"““B Clt -

-E1B (674 681)

rl

2 W : /,/,// . ’f i;:‘/ B.Py : ' -Borescope
@%Q%ﬁ ‘~<£2rﬁ;_ Y
I740.8

Internal Probes

s Monitoring - Client

%"

I 0 03 . ‘ l'_'lgrobeq

/ -’;if "

M3
Riﬁii
I

7
W M2
5 717.9 |
Bl +0.01

b M1 (698 to 710)——

R 709.9

N - N (1
AN FEEE
[— ﬁ&a-ﬂ}

Referance is Septum

(a) E1IA E1B , E2A, E2B Radius Reading (b) E1 Electrode is 8.4 mm away from Sephum,

E2 Electrode is 6 mm away from Septum

FC3 - -FC4
N [

PlafAC-2072, VECC, Kotkata 26



Beam Diagnostic System

B

Diagnostic Component
Probe Control

Profile

Magnetic Channel Position Monitoring Connected client - 172.24.4.72

Probe Monitoring and Control

= BEAM DIAGNOSTICS SYSTEM CH#0 (Connected)
X-SLIT (CH#0)
Set Aperture

Y-SLIT (CH#0)

mm.fiSet Aperture

Current Aperture( 24.9 mm. CUrrentAperture‘ 20

O Near Limit Sw

naut | ) Far Limit sw

Message

MOVE O Near Limit Sw
HALT ‘ Far Limit Sw

Message

FC-02 (Vault) Current (nA)

562.25

FC-12 (Cave1) Current (nA)

0.12

File

M1 (Address - 1)—

V28'7 mm

Ela (Address - 11)~

7/30/2073

671 s 3 mm

682 771

M2 (Address - 2)— - M3 (Address - 3)— - M4(a) (Address - 4)

M7(b) (Address-10)

745. 3 mm

E2b (Address - 14)
689.§ mm

301

Slit-X1 (Vault) nA Slit-X2 (Vault) nA Slit-Y1 (Vault) nA Slit-Y2 (Vault) nA
0.2 0.08 0.95 0.91
Slit-X1 (Cave1) nA Slit-X2 (Cave1l) nA Slit-Y1 (Cave1) nA Slit-Y2 (Cave1) nA
0.13 0.89 0.43 l 0.63
s e
=1olx| . SCC External Beamline

M4(b) (Address - 9)

730.3 mm

MBS (Address - 8)—

§36.5 mm

B
C2 (Address - 15)—

738'1 mm
1068 IM

PlafAC-2072, VECC, Kotkata

SWP IN FC4 IN FC3IN B FC2 IN
SWP OUT| @FC4 OUT| @ FC3 OUT @ FC2 OUT

BV2 IN

BV2 OUT

BV4 IN BV3 IN
BV4 OUT @ BV3 OUT

BV1IN
BV1 OUT
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Beam Diagnostic System

= Diagnostic Component

=  Probe Control

= Profile

1/30/2013

CURRENT nA

400

PlafAC-2072, VECC, Kotkata

Three Finger Probe Profile
—TOP ——MID ——BOTTOM
L JIHJ'!Ul | w\w\" T
: p PP
i t X
= All/]'ﬁr' all v 1 1\1M
\
( |‘||\ M4 Ml 1 A
- T
50 100 150 200 250 300 :EORA&ﬁgMﬁwo 500 550 600 650 700 750 800
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Beam Diagnostic System

=  Diagnostic Component Internal Beam Profile
=  Probe Control
= Profile
EE— 250 -
ot
<§ = & -b 3E-08 mbar
PN “
200 1 » 'sz’.’ ”
i Sy o, ®5m Juy 2011
1 w 12th March_2011
P B -
-, . .
~ 150
T b- B
=
E .
-
o
E
2 100 K S—
@ = 7E-07 mbar
50 1
o
0 T T T T T ’v v T T *1—!
400 425 450 475 500 525 550 575 600 625 650 675 700 725 750
Radius (mm)
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Modernisation of
Control

=  EPICS
Implementation

= Supervisory
Control

=  VVEC MPSs Control
=  VEC Vacuum

Control

=  Central Console of
VEC

=  Control DB

=  Secured Access

7/30/2073

EPICS Implementation

Vacuum System
MPS

LCW System
Beam Diagnostic

PlafAC-2072, VECC, Kotkata
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Modernisation of
Control

= EPICS
Implementation

= Supervisory
Control

=  VVEC MPSs Control

=  VEC Vacuum
Control

= Central Console of

“CK Cer,

-

Supervisory Control System - EPICS

= Underneath protocol
— Channel Access (CA)

= Network transparent protocol
— Hides communication intricacies of field devices from GUI

=  Unique PV names
— to bridge link between CA server & CA client

= Access security
— to protect access of crucial parameters

VEC . .
=  Event based notification
=  Control DB )
— Value is changed
= Secured Access
<€
LAN
[o]®
= A
CA Server o oo AmiS
PV Database e
Stan | Stap | Werson Quir
. Adwest | Hist | Info | Fom
Device support
CA Client
Field device Field device Field device oGl
1/30/20173 FCaFAC-2072, VECC, Kobkata 37



Modernisation of VEC MPSs Control

Control

EPICS ) 2% BEAMLINE_MPS. adl
Im p I ementation Beamline MPS ON/OFF/Interlock QMPS42B QMPS4lB ":‘ ” (}i} MAI N WI NDDW
Supervisory STMPS41Y 0.03 N O QHPS41A AMPS

H Il(

Control e
..--.,I . LB l .

MG AR Lot QMPSOlB STMPSO2Y  QMPS11B/21B/31B

VEC Vacuum STHPS41X 0.51 QMPS31B/32B/33B

Control STMPTOI” QHPSTIA/2TA73TA

Central Console of . . :!.-I.--._. .ln-—l .—-
(

VEC I r s 4

STMPSOlX -’ '
0 o, QHPS3TA732A733A

QMPSOlﬂ STHPSO02X g

Control DB WS

N ot | \
Secured Access S— — 0.0 r ’:r

95.00 369.00

STI"IP812/22/32Y

STMPSllY/21Y/31\

0.15 STHPS12722732X

3.97e-007 4.84e-006 5 0g

— 70

STMPS11X/21X/31X r

9.99¢+002 SET AL 3

Reset
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Modernisation of

1/30/20173

Control

EPICS
Implementation

Supervisory
Control

VEC MPSs Control

VEC Vacuum
Control

Central Console of
VEC

Control DB
Secured Access

PLC Based RTC Vacuum System -

Basic requirement

Desired vacuum level — 2 x 10® Torr at Resonator tank, DEE tank and Beam
lines

Volume of Resonator tank & DEE tank—23 m3 approx.

Basic features

Commissioned around 1975

Available technology — Oil Diffusion Pump, Freon cooled chevron baffle,
Roots pump, Rotary pump

Hot-cathode, cold-cathode & thermocouple gauge
Redundant pumping system to support from Roughing to Backing
Relay based Manual Control Logic

Renovated in 2009

Replacement of fifteen crucial gate valves for better isolation
Use of new state-of-the-art Pirani , Combination gauges & RTD
Replacement of Freon unit & chevron baffles

Up gradation of Control system to modern PLC based system

PlafAC-2072, VECC, Kotkata 33



Modernisation of

7/30/2073

Control

EPICS
Implementation

Supervisory
Control

VEC MPSs Control

VEC Vacuum
Control

Central Console of
VEC

Control DB
Secured Access

VEC Vacuum Control

VACUUM SYSTEM 12102010 4:21:20 PM
BTS CG2 RESONATOR TANK : PLC COMM OK
9.99E+02 _ INTL OK
5.70E-06 REMOTE
,— Output interlock
| ISPS
DPS BTS

Input interlock

MCC

HC23v

— @ Ts4

STAGE-I STAGE-Il UNIT- UNIT-Il

FREEON UNIT . 304 FREEON 2ND STAGE
@ PG2B
HC8VB

HC22VB HC7VB

& PG3B
HCS5VA HC5VB
HC1V HCAVB HCEVB

XV3A HC21VA ® Pt HC21vB XV3B Xv4B

MS3A MS3B MS4B

TITLE SCREEN OPERATION GAURD VAC PLOT SET POINT USER -
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MOdCemtisaltiO” of New look of Central Console of VEC
ontro

= EPICS
Implementation

= Supervisory
Control

=  VVEC MPSs Control
=  VEC Vacuum

Control

=  Central Console of
VEC

=  Control DB

=  Secured Access

e Direct measurement by individual
cable

e Push buttons, toggle switches,
multiturn pots, selector switches

e DPMs, analog meters, measuring
instruments and indicator lamps for
display

e  Manual multiplexing

1/30/2013 FCaFAC-2072, VECC, Kobkata
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) VEC Live Status - Mozilla Firefox

e Edt ew Hgloy fooinals bos tep

Implementation of Control Database for - e

¢ tpd10.200.9.10Gmemactve . - €| M- tswe doekad

SCC & VEC with Secured Access VEC Live Status

25-4-2012, 02:38pm

What it does?
*Archiving a large number of control parameters of different

Current Status  Trum coil Power Supply  Beam lme Power Supply  Deflector Power Supply Vacuum

Main Machine Parameters

subsystems e.g. Cryogenic, Magnet Power Supply, RF system, rTE—— -
Vacuum, ECR, Beam Diagnostic etc. Dee Volage(KVl) 0
*Provide snap shot view of correlated control parameters over time e =
Integration of SCC and VEC control LAN J—— s
*Secured access of control parameter from office LAN “’?l’ Hh“

Facilitate archiving of EPICS and non-EPICS system parameters . o
Live monitoring of control

parameters of VEC from office LAN
Important features eSSy stem: O

*EPICS tool for interfacing database I =
'Deve|0ped |n VECC : 3| Parameter 3:[Noe = \

Parameter 1: VL4182 x| Parameter 2: -

EPICS MvSql Archiver

*Supports polling & event driven Cﬁj%é% : Mééb Server

types of data logging 7 N

*Auto configuration of database ' N s ey [ Dty D
C VAC MM BC2 6.608¢-07  13:36:08.236 20110217 OK

“Inbuilt web server for online Beﬂr"\me database e —

distributed viewing e i

J@. yjSQLDB >

H‘iztorical trending of control
parameters shown in graphical and
textual form

*Historic data analysis
*Graphical comparison among
archived data

*Web based online Addition/
Removal/ Modification of data

””MMH“J

]
| @acec B STANCIED, | xjboltirme | Eoomitbus-fo. | Ljiicec | ¥ oo [Ewsdudneswe. « @ tom fsat] @i D STMHEN.. | Mutome | B eetmre-. | uci ([ st actvers wes- «04 1z




Modernisation of SAN system >4
Control
= EPICS
Implementation
= Supervisory
Control
I € G €5 - [——
. Xiﬁt\l‘/glcuum 1 Read access Common storage
= Central Console of [ SAN f:orage
VEC v Read/Write access
- Control DB [ Channel access (CA) Save
=  Secured Access ?
Fire- EPICS DB
[ wall 1{ Gateway server

.- Gateway Server at VEC

7/30/2073 FCaFAC-2072, VECC, Kobkata 37



Future Plans

7/30/2073

Epics Enabled

Controller

In-house Design

EPICS
Performance
Analysis
Concluding
Remark

oaitts
Aty S RO / A\

=[]

O

o
g
<
fil
™

250MHz ARM9 CPU, 64MB DDR-RAM, 4MB Flash, Micro SDHC
Card slot

Customizable 5K LUT OpenCore FPGA
Ethernet, UART, DIO, SPI and 12C interfaces, Watchdog Timer
Small size, Low power

Prebuilt Linux 2.6 kernel loaded on micro sd card/flash and
boots in than seconds

Full featured Linux including GNU C/C++ embedded
development environment installed in the SD Card

PlafAC-2072, VECC, Kotkata 38



Future Plans

1/30/2013

Epics Enabled
Controller

In-house Design

EPICS
Performance
Analysis
Concluding
Remark

In-house Design of Embedded EPICS Controller

32x2(AC) pin Euro

connector (male)

] ] ) e s (b

-

e Piggvback
| board :
20 v g
nos | . ;
- e 20 Pi ader (fema i | 20 Pin Header (male
‘ Pin-out 20 Pin Header (female) : ader ( ) i
. from '
ERI Glu Memory Ica .
i ey : & %
; ) 1< =
> Diiver N/ |3 -
I = a
- =
=) : £
R C:> Ethernet 2

-

e o v v — -

PlafAC-2072, VECC, Kotkata
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Future Plans

Epics Enabled
Controller

In-house Design

EPICS
Performance

Analysis

Concluding
Remark

CPU Load (in %)

Performance analysis
CPU Load

Server Processing Time
Network Load
Database Performance

1/30/2013

Y
EPICS Perf Analysi e
100 140000
i /‘;_,—_,.—s—-—-/-"?" N/W Load (Get Test)
/.// ‘//'/ 120000
70 / / 7 100000 /
T
o / / / £ 80000 2
50 =4~ Channel Connect ﬁ / /
40 // / / -&-Put & 60000
4 Get 0 )// e
% == Channel Free 2 40000 ik
20 //'/ ~@—Send
P 20000
10
0 T T T T 1 0 / T T T T 1
0 100000 200000 300000 400000 50000 0 100000 200000 300000 400000 500000 600000
No. of PVs No. of PVs
1000 I (PUisoy
200 < < n
Total processing time I
800 [ i
]
.;\ 700 i e L 2 S AR s A e A e o
g | S
£ 600 } —#—Channel Connect .. : :
] "
E 500 [ —B-Put E(PU ]
]
] 400 / ——Get Yetwr oy
'e 300 P e —
/ ~==Channel Free sl
200 // e I
: T
100 " LT e
100 1000 10000 100000 1000000 L : $ 3
Reciing 118k Serig 215
No. of PVs Tt LR 8108
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Future Plans

=  Epics Enabled
Controller

I/0 Channels requirement

= |n-house Design
= EPICS

Performance SVSten_" . SCC
Analysis Data Statistics ( No. of (No. of
= Concluding Parameters ) Parameters )
e Internal Beam Diag. 16 6
External Beam Diag. 40 20
Magnet Power Supply 34x8 40x8
Vacuum ( Main & 214 216
Beam Line
LCW Cooling 42 34
Radiation Surveillance 32x6 40x6
System
Temperature -= 25
Monitoring

1/30/2013 FCaFAC-2072, VECC, Kobkata #7



Future Plans

=  Epics Enabled
Controller n

= |n-house Design

Pump
=  EPICS —  Valve
Performance _  Motor
Analysis
) — Encoder
=  Concluding
Remark — Camera

* Process Variables

* Vacuum/Pressure
* Temperature

* Level
*  Flow
* Current
* Voltage
* Position

* Status Flag

1/30/2013

System Components =

Components used for Control/Monitor

e Supervisory Control S

Control H/W Components

PLC
Controller
DAQ Module
Field point module

Measuring devices
Multiplexer
Converter
Filter

EPICS
LabView
VB
Proprietary

PlafAC-2072, VECC, Kotkata %



Future Plans

7/30/2073

Epics Enabled
Controller

In-house Design
EPICS
Performance
Analysis

Concluding
Remark

Embedded Controller Scheme

Central Console

Control LAN

Master c

ontroller

Serial

links

Intelligent cards

Slave controllers

Instruments

DAQ Modules

PlafAC-2072, VECC, Kotkata
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Future Plans

=  Epics Enabled
Controller

= |n-house Design

=  EPICS
Performance
Analysis

=  Concluding
Remark

7/30/2073

Concluding Remark

The simple equation :-

Reliability of HW/SW

+ Availability of HW/SW (cost effective)
+ Maintainability of HW/SW (openness)
+ Upgradability of HW/SW (openness)
LONG-LIVED CONTROL SYSTEM

PlafAC-2072, VECC, Kotkata
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Shank You !
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