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Goals

 Provide Control System infrastructure for NML
and associated test stands
— Data acquisition, control, archiving, ...

 Support efficient testing of cavities and
cryomodules and associated instrumentation

 Supportintegration of externally developed
Instrumentation

 Develop new hardware and software control
system concepts appropriate for Project X
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Controls Scope

« Computing and Networking infrastructure
— Consoles, front-end computers

« Timing system and distribution

 Control System infrastructure and services
— Software frameworks, archiving, alarms, etc.

 General Purpose front-ends (ADC + digital 1/O)
« Vacuum and Motion control subsystems

 RF and instrumentation are different subsystems
but use the control system infrastructure
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Strategy

 Current HTS uses mix of EPICS, DOOCS (DESY)
and ACNET (Fermilab system)

 Plan for NML uses ACNET as the core system
while supporting EPICS “underneath”

Leverage substantial infrastructure and experience
ACNET core services (archiving, alarms, save/restore)
Many subsystems in “native” ACNET

EPICS display screens (EDM) can be launched from
ACNET consoles and access EPICS & ACNET devices
EPICS front-ends (IOCs) can be put under ACNET

« EPICS devices thus available to applications, alarms,
standard archivers, save/restore, etc.

Allows externally developed subsystems in EPICS to be
Integrated
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Control System Overview
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Accomplishments

« Computing infrastructure
 Network infrastructure
 Timing Infrastructure
 Control Room

« Ready for CC2 at NML
— Timing system
— RF Interlocks
— Motion Control
— Cryo data into ACNET for display and logging
— Vacuum

May 18-19, 2009 DOE SRF Review 7



NML Timing Crate 3F
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CC2 Motion Control System 3F
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NML Control Room 25
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CC2 Base Display (EDM)

CC2 Power Waveforms
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CC2 Klystron Interlocks (EPICS)

FE
e

Fermilab

>< Ip/lirf_edm/v0_76/edm/interlockCC2.edl

Waveformsi
Timing |

Restore DAC Defaults |

KLYSTRON INTERLOCKS

| HTC13andCC2 |

‘ Scaled

‘ Wave Archiving Off |

SYETEM YIDED RALILTI ELECTRGM ELECTROMN ELECTROMN ELECTROMN PhAT PHOTO
COMTROL PULSE TRIP DETECTOR DETECTCR 2 DETECTOR 3 DETECTOR 4 BOARD DETECTOR
sevialt OxFFFFD301 OxFFFFC202 OxFFFFCA403 0xFFFFC304 OxFFFFC504 OxFFFFCE04 O0xFFFFC604 0xFFFFC505 O<FFFFCA06
DACS DACSs DACSs DACS DACs DACS DACSs
WGz RE. Urrras
OSSP gy L R R 000 o |00 ppp OO0 g 000 540
RC| 0.00 0.00 2
000 g e foa—200 | = —aas 000 pap 000 4 [P0 sps 3—90'00 .48
Gun [0.00 popl 1200 age |V 200 0ol g 000 p [0 g 000 pgg
FC| non 4 0.00
&84 [.84
Comm Comm Comm Commn Comm Comm Comm Comm Comm
Local Local Local Local
- o = oo o= | foe L ) 1o Lo | g Lom | o o [ Fom o
rFon || Video Pulse Video Pulse Video Pulse Video Pulse Video Pulse Video Pulse Video Pulse Video Pulse
P—— 11061 11061 1} 1 1] 0 11061 11061
£5E . . .
E Trip Count Trip Count Trip Count Trip Count Trip Count [Trip Count Trip Count Trip Count
Vid 0 Ref 7 0 0 0 0 0 0 0 0
Process Process Process |Process Process Process Process IProcess |Process
OxBAFF Trip | 0xFFFF O<FFFF OxFFFF OxFFFF 0xFFFF OxFFFF OxFEFF 0xFFFF
[ we_rhinh [ ] wol_pr2 [|refiCCC2 [ rfinhi [ rfinht [ rfinhi ] rrinm [ rfinht T rfink
| wo_mod_ink[ | w_prl | ;eﬂdefKK [ rfin2 [ rfihn2 [ rfihn2 [ | rfihn2 [ rfihn2 [ |rfinn2
[ | mt_mod_inh[ | rf_leakage — r\:ﬂ g\t{Ts [_| rfinh3 [|rfinh3 [ rfinh3 [ | rfinhi3 T rfirkz [_|rfinh3
| m;-f;-!”: - [ modinh1cczRc | mod inhi [ mod inh1 | mod inh1 [ modinh L rfinhs —m 'Eh_“m
|| pariinn 1 | mod inh2RK | mod inhi2 | mod inh2 T modi mie ooy I
| pel_rmod_ink — A TG L [ [ | mo !n || mod inh2 || mod inh2 1 mod inhz2 mod inh2
i | MEEN || madinh3 || mad inh3 mad inh3 mod inh3 — . mad inh3
| FEFl_inh | | mad inhdHTSRC [—— inhi t . — mod inh3 — .
FEF2 inh — - [ | Innl cour | |inhl count || inh1 count — N | |mod inhd
e | inh1 CC2RC cour mod inhd inh1 count
pmt_rf_lnh || | | | ] | - clark curd
pt_mod_inf | || inh2RK count I | inh2 count [ | inh2 count | inh2 count [~ | inh2 count dark cur2 I |inh2 count
mod_ready || [ | ] — [ | dark cur3 ]
|| FEF3_inh | nh3HTSRC countl | | — — | clark curd 1
|| FEP4_inh R = — [ | inh3 count || inh3 count I inh3 count [~ inhi3 count - " count
cavity_vac || — [ | L [ |inh4 count
- coupler_temy | (S L L | |
Status Status Status Status Status Status Status Status Status
_ O=3FZF 01 AC 0=1AC 0=x1AC 0=1a0 0x14C Ox1AC O=1FAC 0=1AC
Previous Trip
[ | oD mkisit
| | RD Gate
‘WH Gate
Previous Trip
wmeRD_REG
wme'WR_Feg
RiF Inkibit
wmetRITE
Tripholt1
Triptolt2
Triptolt3
Triptoltd
LocaldRern1
May 18-19, 2009 DOE SRF Review 12



HINS Timing (EPICS)
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HINS Timing (ACNET) 3F

Fermilab
[ |
N4 HINS TRIGGER PARAMETERS D/A A/D Com-U #FToolse
—<{FTP>+ =#SA¢ X-A/D H=TIME ¥=D:TRROT , ' r
COMMAND —---- Eng-U I= ¢ I= ¢ r O r 1.0E-10, 1.0E-10
-< 1>+ One+ AUTO F= 300 F= 360 r 1.0E-06, 1.0E-0G6, 1.0E-0G
rf TIMING wacuum 11rf cryo water diagnos misc
:MTRIGD MOD FIRE TRIGGER DELAY . ¥ .7 MS
:FPWRGD Intrlk F Power Gate del 3. ¥ 3.495 MS
:RPWRGD Intrlk R Power Gate del 3. ® 3.425 MS
:DIGTRD Intrlk Digitizr Trig del 3. ¥ 3.4 M5
:GATED RF Gate Delay 3. ¥ 3.4 M5
:LLRFGD LLRF Gate Delay 4. ¥ 4.1 MS
:SPECTD Spectrum Analyzer Tr del 1 ® MS
:SCOPED Scope Trigger Delay 4 ® M5
:EVABTD A8, Ton Src Eve X .
:EVAZTD A7, RF Event Tr [~ [~
:RFDETT RF Detector San| il
:SHTRD Sample & Hold T|EIGE=IEEIIS [
:LLRFFPD LLRF Prepulse G HINS Timing Plot
Mon Apr 27 07:59:39 CDT 2009
) | ' | | T | | | |- : | ) | | | | | | | | |
0 2 4 6 1
Time {m5ec)
Cursor Position
= Pvent AB (Beam Acc AS Ref) O ® Event AA (1Hz 0+ BEvent A9 (0.1Hz 4 Intrlk R Power Gate de 4.125
= Intrlk Digitizr Trig de 4.1 ¥ RF Gate Delay 4.1 ¥ LLRF Cate Delay 4.8 * Spectrum Ana 1.7
4 Scope Trigger Delay 4.7 8 AR Jon Src Event Dela 0.7 & A7 RF Event Trig Dela 0.7 * A5, Beam Event Trig de 1.4
& Sample & Hold Trig dela 4.4 = RF Detector Sample Tric 4.195 ¥ LLRF Prepulse Gate dela 0.001 ¥ |5 MOD TRIC DELA 1.8
» LV SAMF &HOLD TRIG 1.7 4 HINS Utility Scope Tric 1.75®m HINS INST TRIG DEL 17
Zoom
v] Plot Widths Start Time (ms)|0 Stop Time (ms)|10 Center Scale Factor
5 £ 075 Original
_, -

May 18-19, 2009 DOE SRF Review 14



NML Cryo Parameters (ACNET) 3¢

Fermilab
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NML Logged Cryo Data (ACNET) &

) Mozilla Firefox
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CC2 Cryo Display (ACNET)
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HINS RFQ Control - EDM 25
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HINS RFQ Control - ACNET
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RFQ Control — ACNET - Firefox 3¢

Fermilab
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Plans
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e« Support hardware systems as they are added
— CC2in progress
— Cryomodule 1 summer/fall
— Cryomodule 2 next year

* Incorporate injector when it moves from AO
— Preliminary plan for required hardware exists

— Additional work on machine protection and application
software will be required for beam operation

May 18-19, 2009 DOE SRF Review

21



FE
s

Fermilab

Plans

 Prototype new things applicable for Project X
— New timing protocol
— Machine protection
— New hardware platforms
— New software infrastructures

e Controls currently done by Fermilab personnel
— ~10 people; ~3 FTEs; shared with HINS

* Instrumentation or other subsystems developed
elsewhere in EPICS could be integrated
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Plans

« Equipment needed includes
— Network switches
— Console computers
— Front-end processors
— General purpose ADC/Digital 1/0O front-ends
— Motion Control hardware

 Propose purchasing equipment for injector + 4
cryomodules with ARRA funds
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Conclusions

« NML control system will integrated with the main
Fermilab control system
— Will support EPICS subsystem integration

 Basic ingredients are operational for CC2 at NML

o Straightforward to extend to cryomodules as they
become available

 As well as supporting SCRF work, NML provides
a good test bed for main control system
upgrades for the NOvA era and Project X
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