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FRIB Linac Python Application

14 ‘: Beam Deki St . ~ + Python offers several convenient features for scientific and engineering programming. The Python EPICS package
e o SRS P A Folding Segment 2 ~ (PyEpics) is useful to interact with EPICS channel access PVs.
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 Linac Segment3 | * Qt Designer is the Qt too_l helpful in designing and building graphical user interfaces. Utilities from PyQt library
T e v st an . . : _— helps to generate Python files
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“» : o= . c» ——— —— —— ———— ——_ —— — ————_— ——— = 2 S 2 \ | | * XML format to store deSign files
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e . Front End ) . module to convert to C++ code
Linac Segment 1 /" ¢ ’module to convert to Python code
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Linac Segment 2

Folding Segment 1 ~» Several python scripts have been developed for RF commissioning at FRIB. “FRIB RF Expert” application let users
| perform mass action to apply to multiple LLRF and amplifier systems. This application serves as main file and all
developed Python scripts are nested under it.

The FRIB linac consists of
* room temperature front end devices:

e System: Selection based on cavity

QWR1 QWR?2 HWR1 HWR2
p

* Low Energy Beam Transport (LEBT) 0.041 0.085 0.29 0.53 | Linac Segment System Type Cavities number, cryomodule number, system type

* Multi Harmonic Buncher (MHB) or linac segment type. Script searches for

. Radio Frequency Quadrupole (RFQ) f (MHz) 80.5 80.5 322 322 | _ keyword in database where all device

* Medium Energy Beam Transport (MEBT) Linac Segment 1 CA 3 12 names for LLRF controller and Amplifier

No. of
» 12 92 72 148 Linac S 1 CB 1 ag are stored
« 104 Quarter-Wave Resonators (QWR) cavities Inac segment
: : « Action: Options to turn On/ Off, clear/
* 220 Half-Wave Resonators (HWR) Tuner Stepper Stepper Pneumatic  Pneumatic ~ Folding Segment 1 CH 1 4 reset interlocks for LLRF controller and
amplifier
« CS-Studio engineering screens have been developed for users to access all RF parameters related to Low Level Radio Linac Segment 2 CC 12 72
Frequency (LLRF) Controller and Amplifier i , . > 06 * PV: Manually input PV name and Value
| Inac Segment
» Each RF system contains around 400 process variables (PV) including parameters for interlocks, control parameters, cavity * Initialize  LLRF: Useful to setup
conditioning, calibration, attenuation, system configuration etc. Folding Segment 2 CG 1 4 parameters such ~as cavity  type,
attenuation, interlocks, control parameters
« All these PVs are accessible using Experimental Physics and Industrial Control System (EPICS) channels. IOC driver Linac Segment 3 CD 6 48 etc. to initial values before running RF for
handles read/ write actions to these PVs first time
LLRF Overview for LS1 CA01:RFC D1127 B MainWindow — O * e Check Rgadbacks: useful to make sure
all set-points and readbacks match and
—Feedback Mode —Generatar Driven Mode —status : - - -
| ; there Is no discrepancy in values
S‘T'”g | Readback Cavity Phase Shit 347 Amplitude Mode cw FRIB RF EXPEI": pancy
RF Output U EEETE) @ Disabled Cavity Detuning 1.0 Hz Feedback Status Unlocked
Auto Restart art | [Fause | @ inactive Requlate On ity Pickup Antenna Gystem  Acton * MPS-LLRF test: Useful to run test
Amplitude Feedback ADRC Open Loop N Set-Point RPamping At Set-Point AMP - - QK between LLRF ContrO”er a.nd MaChIne
Fhase Feedback ADRC QOpen Loop Protection System (MPS)
Tuner Feedback an | Bljj | @ Disabled —Tuner .
Control Parameters Control Parameters I St Positi 715 | SYStEm Acten
epper Position 7 LLRF - - 0K, * Once any combination of SyStem and
—Setpoints —FF Inputs F aCtion are SGIECtEd, |t ShOWS d pOp—up
Sefting Feadback Feal-Time Amplitude Fhase FPower Electric Field Walue message tO Verify user aCtiOnS
Amplitude [1.7130 MWm 1.7130 MW/m  0.0000 Mv/m Forward 0.0035 Vp 50.3 ° 0.0 W Note: Use single inverted commas’ around £V name
Phase 273 127.3° 127.3° Reflected 0.0025 Vp 8.7 0.0 W |  Output window shows device names, PV
Cavity 0.0001Vp -150.8 ° 0.0w 0.0002 MM LLEF ok . ’
| = N names and values it has changed
Feedforward Phase | 160 ﬁ 160.0 Details o | ] .
5 () Initialize LLRF _ _

. L - — —Interlocks —Feedback Performance () Check readbacks ° Python Scrlpt IS an easy Wway fo
Cavity Conditioning Cavity Conditioning... | | () MPS-LLRF test . .
Hardware Calibration Calibration. .. | LE:titr?:d FMS Amplitude Error 0EQ prOtOtype any _ state machine qUICkly
Input/Qutput Attenuation Attenuation... | Programmable Logic Controller § oK RIS Fhase Error e ﬂl.ltpl.lt CLEAR and test the |0g|C
System Configuration System Configuration... | Fast Protection System ) |r-JDI=~i Statistics... I -
=L (o System Information. . | PLL Unlocked 3] ok * Once developed and tested, script’s logic

—Solid-State Amplifier Solid State Amplifier Fault & Ir'JDK —CCG/Bias Tee Can be transferred to State Notation
Setting Readback Sum Status ®]| ok Sefting Readback Language (SNL) and implement on 10C
Power n i | @ of Reset Latched Interlocks Reset Bias Tee Szl I izl w1476V d . T d i h |
Reset Errors RPeset | Details and Configuration More... Bias Tee Vman 1461V rlvel: ' _O_ provide most ¢ an_ne aCCess
Bias Tee Latched 0.000V security, it is recommended to implement
VGl state machines on 10C driver.
ListOfAamp=|
e action - Amplitier-Database State Notation Language (SNL)
ef LLRFAction(self): \ J
print( : ) S i A s e T e X DTN
DNsel = self.selectLLRF.currentText(); - : : : KEA ‘ i, . - . . .
s M Action = self.actionliRF.currentText (); g 'LS1_CAO2:RFA_D1176",  Allows programming of sequential state-oriented operations to run in the IOC
<class>LLRF</class> : ' 1 - RE7 4"
<widget class=="QMainWindow" name="LLRF"> choice = QtGui.(QMessageBox.warning(self, Act , Actione’ I "4DNsel+s LET . '1,51 3 ~ 1835° :
<property name="geometry"> Af choice == QtGui.QMessageBox.Yes: : - T T ' - - :
' z " S | ND3IREN_D12037, « Can implement complicated algorithm, Implement complex closed loop
s B ot et e A ListOfLIRP=f 'LS1 CAO3:RFA D1218°, control schemes
Lo e s \ ) ' | o Ny 2 : : RFZ '
<heighk>688</height> . Lf rs.finil(zn.\:sel) .>- \ P thon Main F|Ie L S
.-‘l_:::r-[vathon Ul File e e s L y g e  C code can be embedded as part of the sequence
':F.I:I::.-;:::;-:‘ name—"windowlitle -~ print (Dn + N 452 ) b 'jm./.~ »
<string>MainWindow</string> L TSR EON AR L0 X ‘ HO_RE” ey = % ; o i 22 > : ,’ i .
e e SRS s ~TEERF j.D~afcab'ase « Channel Access security
<double>1.000000000000000</double> }f:‘;;;:f: e S Ta SIS ) ) 'LEY—SASSTRES BIS4ts Coivioe =
e e SRLECRES IR RoNC Kt (T D_RE* )i e (A SRS DA e # Attenuation Page « Watch for likely fault modes that are hard to detect via alarms
<enum>Qt: : ToolButtonlconOnly</enum> PPy P _ ' o AR S -ii.i :"'_"_' 'ATT SET FWD",
</property> caput (DN + ‘ ! : , 1, wait = True); O -:.: — : ATT 3ET RFL',
<widget class="QWidget" name="centralwidget"> rint (DN + 'E2 — ' 'LS1 AU3S:REC D1218:°7, R TR D g AT ° 1
'w;j'.gc: =las ':="QTc)qctUrowser" r.a:n»:="tit12"" !:eif.:i:’.‘detOP.append(Dr’{ + ) _ ) ' 'y s '] g5 e — ] Ly - -l - - H- ' ’ ReCIU|reS IOC restart for ChangeS
<Pproperty name="geometry"~> ' v o R "= . "R, All e ok
<rect> if Action == . ,_i_ = B c ;f. . AT et oSPS', . - -
g caput (DN + MD_RaT", , wait = True); e A i ORI VRS o R (I  Coordinate control of multiple devices
20 oo & og caput (DN + "1II I A , wWait = True):; adad 4 SV L KT Viae=ds ' . I = e . e D
<width>256</width> print (DN + y . 4 ) ‘1,81 CF | :RFC D12¢ ' ' 3 T C§ B uT"',
<height>41</height> self. . textEditOP. .append (DN + i MD . t'); 't 81  OF D3 YES o ! PV Data baSe - -
Foeits | ) Fren e s i S S M « File access can be implemented as part of the sequence
if Action == ' 3 e e Rt o Py pegr e Y - Eaonene s
PV = self.lineEditPVv.text () 'LS] BUL::RE pl281:°, 'GAIN

Value = self . lineBditValue. text()

caput (DN+PV, Value, wait = True) : __ e :
L. CadeRAloos ApRos (DM $9% &.74% % Vaiael) \GAIN CSET SP1', Future Work
e e e
SOLE Lt o0 S i "} ; s SHE  Transitioning this application to State Notation Language (SNL) and
aes

Implement on 1OC driver to add channel access security
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