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EMBL @ DESY

* Petra 14 Beamlines
— EMBL :3 Beamlines @ Petra
— 7 Beamlines @ Doris

« 3 Beamlines @Petra
« 2 Protein Cristallographic beamines
« MX1,MX2 Hasylab:P13/P14
« 1 Small Angle Scattering Beamine
« BioSaxs Hasylab: P12

« P12 and P14 in friendly user
operation scince summer 2011

« P13 first experiment today
hopefully



Software

« Hasylab Frontend « Experimental Hutch
— Vacuum — Exp. Table
— Slits - BCU
— Petra Parameter — SampleChanger
— Undulator — Detector Table
— Flourescence screen — Detector
« Optical Hutch - ..
— Diagnostic/Viewer « External Devices
— Monochromator — Detector Tube GKSS
— Mirrors — MD3
— Slits — MD2
— QBPM's — BioSaxsSC
— Vacuum — ..
— IPS
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Instrumentation Software Framework/Tools:

-Labview framework *TINE Common Device Interface
-TINE DESY/MCS CDI

TwinCat ADS Lib -TwinCat (TwinCat, DIO, DAQ)
‘RIO/EtherCat master « Beckhoff TWINCAT

‘Vision  TINE Motor Server

*Vibration *TwinCat NC

*Motion ! Pl- E815

-Mathlab | -Attocube

‘PID TOOL *PMAC (in progress)

*TCP/IP (Robot ) *Robot (in progress)
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Instrumentation Software Framework/Tools:

L abview framework *TINE Common Device Interface
*Tine [
*TwinC
‘RIO/E
‘Visior
‘Vibrat
*Motio
*Scripting Attocube

-Mathlab *PMAC (in progress)
-PID TOOL “mSmeisesie | <Robot (in progress)
“TCP/IP (Robot) | ==

Bhi beu

INE API
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Control Electronic
. GOAL

— Distributed electronic
— All Signals, Monitors, Motors synchronized to each other
— Achieve as good as possible synchronization / timing

Best synchronization is available at the realtime hardware level of
the Beckhoff PLC system

« PLC Electronic

— Connect all devices to the deterministic realtime System TwinCat
— Scan sychchronization and timinig

 Signal synchronization <1ms

 Acquisition cycle <1ms

e Timing <10 us

TINE USER Meeting 09.12.2001
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Control Electronic Monochromator DCM

Water In

Software installation:
TwinCat, TINE, Labview
PtalkPro, watchdog for Server
restart/maintenance

Controller/Computer Hardware:
*Computer Pentium 2 GHz Processor
*8GB RAM/ROM

*2x USB

*4xEthernet

*UPS

‘EtherCat hardware + 16 of 24 Units installed and
*Temperature Regulated Fan running
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Local EtherCat Master installation

o UPS

Electronic: TwinCatCable Redundancy
*EL.7041 Stepper PC CX1030

motor controller 4XEthernet WaterToAir
*Counter/Encoder Cooler With
*AI/AO Fan
*D1/Do

*Rs232 Cooling water
*Temperatur In/Out
Communication e
Profibus COupler Power Supply

2x24\V
Applications:

Slit Control,HDM, VFM, Bimorph mirrors, BCU,
Sample Changer, Experimetal Table, Monochromator double size
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Master to Master synchonization and
communication

Solution: Software synchronization via realtime network variables
and hardware Synchronization via EL6692

EtherCAT 1 %

EtherCAT 2

EtherCAT 3

EtherCAT

e Eae S
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Motor/Scan Server Architecture

« Build on Top of the low level CDI TINE server
— Bus plugs: CDI

« TwinCatADS Server

« RS232

TwinCatADS

« Generic server with Support of 'Motor Plugs' @

— Motor plugs: Motor/Scan

« TwinCat NC Server

TwinCat k-Bus
Pl — 815 serial
Attocube TCP/IP
PMAC TCP/IP OCX (in progress)
Robot (in progress)

TwinCatNC
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Motor/Scan Server Architecture

CANOpen
TwinCatADS

WinComm

CDI
Server

TwinCatADS

|

Motor/SCAN
Server

TwinCatADS
Attocube

Pl 815 Piezzos
Staeubli Robot

PMAC
Beckhoff K.Bus

EMBL

TwinCatNC




Motor/Scan Server Features
e Scans

— Single axis step scan versus a monitor signal which needs to be
available as TINE call. Synchronized by the motor/scan server

— Multiple axis step scan against single or multiple monitor signals.
Synchronized by the motor/scan server

— Step scans or on the fly scans synchronized by the PLC of
TwinCat.

— Saving/loading of the scan files via motor server property

P12MonoClient
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Motor Server

* Motor:
-Velocity: Min- Max- default
-Acceleration: Min — Max —default
-MicroSteps — Steps/Millimeter —Steps/Radian
-Reset
-Status

e Axis:

-Steps/mm Steps/Radian

-Online

-Calibrate

-Position ->/ Offset /Scale Piezz0 Motor
-Statusinfo Attocube ANT200

Translation table
Travel: 0-5mm
Resolution: 10nm

EMBL

-TargetPosition



Motor/Scan Server Movements

* Absolut Move:
Move.Start/Move.Stop/Move.Status/Move.Resume/Move.Progress/Move.PAUSE
 RelativeMove ->IncrementMove

* Continous Move -> Free Move

 Combined Motor motions / pseudo axis / Grouped Motions:
* GroupMove

* IncrementGroupMove

* Free Move-> Continous Move

* GroupMoves of multiple on the fly grouped motors

EMBL



TINE Motor/Scan Server Group Moves

E' motorgroups.csy - Notepad !EI

On the fly defined group moves Fle gt Fana: Uew

GROUP_NAME, MOTOR_NUMBER, SCALE, OFFSET, GearRatio, GROUP_I |

Move.Start -> Mot1,Mot2,Mot3,10,10,20 Gapior,,, 1

GAPVEr, 4,443

Synchron Coupled Axis move synchronized [ffvers:.4
by TwinCat defined in motorgroups.csv 1 |_|§

P13Slit2BPM y
Pseudo axis move Pseudo axis defined in T —
s e =
motorgroups.csv. Calculations of Positions - - B
o] ©5 - ==

and movements to be implemented into the | i s
PLC of TwinCat per case. o

+f= Instant Client P ] 3]
Print... Options... Debug Tools... Manitar,..  Show Globals!  Input Panel!
Device Context Devi
|P13 j IALL j [~ Show Stock Properties ‘
Device Server Device Hame — - Device Proper
P135Iit2ZBPM hdlll|Slit2Ring ﬂ i
Data Size —|-Data Type (2EIOG g=
Sht2P12 5
Slit2B uttom
BPMMaskHor
APT3/P13HDMAHDM _Trans LastH BPMMaskWVer —n0.000
BPMFoil AI
GapHor 'I




Motor/Scan Server Scan Options

One motor per axis 1..n monitors
N-Motors per axis defined as ,pseudo axis” 1..n monitors

Scan of single motors against n-monitor signals

,Fast Scan” On the fly Scan

« Start Motor and get every PLC cycle (1ms) Motor position and monitor signal

« ,Slow" Step Scans

« Start Position— integrate Intensity monitor signal — Move by increment — integrate
Intensity monitor signal

EMBL



Step Scan performed by the Scan Server

* StepMove.START/STATUS/PARAMS/PAUSE/RESUME/START/STATUS/STOP/.X/.Y/SAVE/
PPROGRESS
* ScanMonitor.START/STATUS/PARAMS/PAUSE/RESUME/START/STATUS/STOP/.X/.Y/SAVE

Mon scan move m=tgtName p=pos g= gr s=size f=fmt t=tmr

* Which ScanFiles are available Property->
ScanFile.List

e Read the Scan File-> ScanFile.X ScanFile.Y

[ Dioded.vi
P12MonoClient

e Save Scan-> ScanSave




TwinCat NC MotorPlug specific

Closed loop motor control for stepper/servo and other motors

* Group moves synchronized by the Beckhoff PLC as coupled motors
* Group moves synchronized by the Beckhoff PLC.

* Scan of Group motors on the fly or StepScans - synchronized by the
Beckhoff PLC (1ms)




EMBL — FMB Oxford Monochromator

FMB Oxford
Bragg axis: PMAC

Fine adjustment :
Piezo motors,
Pl controller

Stepper Motor control
Ethercat motor contro
Renishavw encoder

- ETrTeS 5 : » . - 1
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Monochromator Server Applications

PMAC Server
— Bragg angle
— Perp motor

« Beckhoff Motor Server
« Piezo Motor Server

« LIPS Server

« Undulator

« Cryo Cooler Server

« Server for Energy change of Undulator Gap and Bragg angle and

Perp motor Position

TINE USER Meeting 09.12.2001
EMBL

5] PTalk Response.yi

BraggToSet
9,26420

Eneti GapToSet
7
126 Bus
Energy Move Y.

y 11.0689
Idle
Cmd Pos Bragg/Deg |9.45 Braggldeg|9.45
CMDPerpOffset/mm IO Perp/ IO

o Connect tion
asing Ready for Phasing ) System Homed (@) Allis very wel!
Forced Eragg Phased ) HomingSystem
J Soft PerpHomed . BraggHaming .
PerpHoming .
ttttttttt FRangE
@ [DcRawkailes Error Horing ¢y i
54562
PerphxisBus: L
=D 3 ngposOutOFRange PerphsisError !




& MonoClient. vi
P12M0nOCI|ent 10/12/2011 2:54:24 PM T E‘-U'E %U‘E
« PMAC Server Bezato] P —r— SR
| AbsMove | [1acks 0 ' EE
«  Beckhoff Motor and CDI Server smame = -
Roll_ist 2.3025 0
— Motor control Rol_znd | [o101 jj
A pitch_znd | |-0.7208
— Temperatur readout v 335 T JJ
33.5008 BraggAngle | |o.4so0z | EMBL °¢3
- LIPS o Piezol 33.5008
« Piezo Motor Server P12DCM TEMP Loggersw: i@ [feess ot [ oo
1stCrystalSilll 9243 ¢ Flexturel 256.93 bositionLag U mm
o LIPS Server IStCrystalSi31L 9243 ¢ Flexture? 25673
2ndCrystalGilll 11503 « 10:09  10/17/
° Undulator 2ndCrystaISi311 138.93 & ’ﬂmmenc 1106980

« Cryo Cooler Server

« Server for Energy change of Undulator Gap and Bragg angle and
Perp motor Position

TINE USER Meeting 09.12.2001
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Monochromator Server Applications

« PMAC Server

iezzoGuiMono.
| Mono Piezzo Position Control
- Beckhoff Motor and CDI Server | =
Posttion “oltage ServoAct G
353499500 [2H5.917200 ﬂ on
. E -
« Piezo Motor Server 1
— Fine Pitch | |=FE o GE_;:;;;; " o
R 0625200 L, Relative J VVVVVVV
— Fine Roll
— Fine Perp

« LIPS Server

« Undulator

« Cryo Cooler Server

« Server for Energy change of Undulator

« Gap and Bragg angle and Perp motor Position

TINE USER Meeting 09.12.2001
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Monochromator Server Applications

=g
ble Edi Famet ew ol
[/7 monachromator LIrs =
|/ /READE START
|/Achecks FDP thE followling conditior
1175 agganglesate »oragganglamin In degree > Flagoragoangle
7 3. Vacoim thrashold of -tha Toncettarpupcontrollar (Plazo operation safe)-s Flagedezooperation
7 5 MotorTemper atires of thae motors kel1lsterystal; Kol1andcrystal. and tha pAteh mororoo Flaguo:
7 4 e T Emnar 4t e ar compar ed aith the’coystalen >
° 7 5. FlErevamperatyres are compared with the »—'\exur‘e\emp\_1m1t—> F136F

7 va po 6. of the Lataraieosicion of the mon: avor. swicd
Ve it the 1.um.” o ..= are a £, rlaatiebanBeanziut e
L else FlaghebenBeanshutter f- FALS

|/ /README END

. eckhoff Motor and CDI Server

S;//7 StatusMumber: l-> IDLE,StatusNumber: Z-» BraggAngleToosmallvalue, StatusNumber: 3-»
it wacunoici

|/variables eno

. iezo Motor Server

B0 Flagpcurr edgabe

Eonl Flagriezooparationsafe;
Fool  FlagMotorTemp;

ool Flagcrystaitemp;

bool  Flagelextemps

Boul FlagL a(Er‘a'\PDshﬂun'
oo Flagstat
° e rve r B0l 1360 ryoconTar Al arm;

|//Helper canditionFlags EnD

|//constants default Limit definitions START

heal  Bragganglenin: =2
Lneal  Cryataltemplimit

heal  motorTempramitioro
[Real  VacumiGhLaved o0 000003
o n u z l 0 r LReal  vacuumLowlavel i-0.0000000000L;

|//constants default Limit definitions Eno

£/condizion check motorTenparaturas start
-+

 Server for Energy change of Undulator
Gap and Bragg angle and Perp motor Position

£ motortempld]<motorTempL imit

.
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Monochromator Server Applications

B! MonoClient.vi

P 1 2M0n0CI |ent 10,/13/2011 2:54:24 P

Axis
Piezol \—|

PMAC Server | AbsMove |
Beckhoff Motor and CDI Server |—Sip e ]
Piezo Motor Server nire
LIPS Server y 3 5008
Undulator -

Speed D s

CryO COOIer PaositionLag 0

mrm

= | 3g3E %U:E
AxisMames Position g E é J_g E §§
Jackl u] J 2l J J
Jack?2 ] ; J
Jack3 ] J
Lateral o J
Roll_1st 2.3025 J
Roll_2nd 0,191 J
Pitch_2nd -0.7206 J
Perp ] -
BraggAngle | |9.45002 EMBL ‘C«
Piezol 33,5008
Piezo?2 -0.5183
Piezo3 08138

Server for Energy change of Undulator
Gap and Bragg angle and Perp motor Position

5| UndulatorMonitor. vi

mim 217 mim

ValueToSet 9 30

Gaplnd

50 75100 125 150 175 200 Z20

Status  1de
ReadErrar

Undulator Control — Exp

4
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Monochromator Undulator synchronization

Undulator Oxford DCM
Hasylab/Desy control network EMBL control network

PLC Cycle precise
synchronization

Catb5
cable

TINE USER Meeting 09.12.2001
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. . P motorgroups.csv - Notepad [ (O] x|
S I I I A 11 tl n File Edit Format WYiew Help
pp Ca O GROUP_NAME, MOTOR_NUMBER, SCALE, OFFSET, GearRatio, GROUP_ID -
GapHor,,,,,1
offHor,,,,.2
GAPVEr, ,, 553
offver,,,,.4
4 ¥ 2
.TWIncat/PLC =loix|
P13Slit2BPM EMBLEE 5 .33 24 2
QC D I GapHor | Tgt Position Axisiames Position EZSEE 8% 3
16 Slit2Ring 5.0012 | mm JJ [ JJ J
Act Position slit2p12 -7.9987 | mm jj jj j
® Eth C M P I 16 Slit2Top 8.9999 mrm ¢
e r at Oto r u Slit2Buttom -0.0001 | rmm JJ JJ J
Relative Move by 3 1 o BPMMaskHor | [5.9999 | rnim JJ JJ
i

*Universal Motor Client e R oy g

PositionLag  © mm BPMFoil o i

AT e seoror__| fie__| | Reset Avis |
I OffHor

‘ (Imt’setUp,Log,H|St0ry,A|armS) [Enable Axis| |Disable Axis] ==

Init Single Axis
|Gapver 18 mrn
Clisntlogfls  C:iClientLogfile.bxt

offver -1E-4 mm Initialize

MovedxisAbsolut To: 16.000000 . . 10/17/2011 _ 9:49 Al =
Connect Client to Server:10/17/2011 9:45:52 AM
=l
, A N e
Print... ©Options... Debug Tools... Monitor... Input Panell
T::;:e Context — | IAD::i.:e - | I Show Stack Propertios P mstecat.csv - Notepad =1 E3
Device Server [—Device Name I~ Dewi F File Edit Format Mew Help
|— JPIET =l | —:' Jcecismnon — [TARGET, TYPE,MOTOR, UNITS,MSTEPS_MM,MSTEPS_CYCLE, MSTEPS_STEP, POSITION_MAXIMUM, POSITION_MINIMUM, POSIT |
Tﬁmﬁ BPMEail = Timeout _ |/Tocalhost/cdi, LINEAR,1,mm,12800,12800,64,1.640+006,-1.642+006,0,1,0.1,0.01,0.5,0.01,1
DousLe ECCE ooy on I1ooo /localhost/cdi, LINEAR, 2, mm,12800,12800, 64,1. 64e+006,-1.64e+006,0,1,0.1,0.01,0.5,0.01,1
TV ——— - rean  |/1ocalhost/cdi, LINEAR, 3,mm,12800,12800,64,1.640+006,-1.642+006,0,1,0.1,0.01,0.5,0.01,1
Es | o [/1ocalhost/cdi, LINEAR,4,mm,12800,12800, 64,1.642+006,-1.64e+006,0,1,0.1,0.01,0.5,0.01,1
Offver - o [/1ocalhost/cdi, LINEAR, 5,mm,12800,12800, 64,1. 64e+006, -1.64e+006,0,1,0.1,0.01,300,0.01,1
[Histoora |/1ocalhost/cdi, LINEAR, 6,mm,12800,12800,64,1.642+006, -1. 64e+006,0,1,0.1,0.01,300,0.01,1
|L=es™ = |/Tocalhost/cdi, LINEAR, 7, mm, 12800,12800, 64,1. 64e+006, -1. 64e+006,0,1,0.1,0.01,200,0.01,1
udp [dpefaul -
i | H
=l
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& MonoClient. vi |Z| |§| E|

Roll_2nd 0.191

*Vacuum Frontend

i) Pitch_2nd -0.7206

S Oftware Petra Moritor EMBL | P12M0n0CI|ent 10/13/2011 2:54:24 PM U‘é
Ring Current 79.6 mA Axis PoxisNames Position E
Energy ~ 6.083 GeV Piezol  ~| 2 : i
Petra Machine State Jack2 i C
Betrieb->Experimente ‘ AbsMove ‘ Jack3 0 ©
Telefon BRE Petra; DESY 3650 ReadError @
*Undulator | Stop Axis | = : i
Roll_1st 2.3025 a
i
i

v Perp 0

*BeamConditioningUnit

B BeamConditioning.vi

BCU P13

DetT i
o o o DetTrans| BCU Dinde 2 At 1 At 2 At 3 Diode1

a5 o Diodez | Beam mrenustort |0 atterustorz |0 Atencstr3 | Dioded | Bean
b Fee o il veen Aon o @l e ol ree o Wl Free | Gl e

° Moving Diode2 .My\ar Attenuation] . Attenuation? . Attenuationd . Diods1 . Miglar
ono = [ & FITT R m ok -

BCU_slit1 BCU_Slitz Exp Table

Horizontal T ,'?)U mm
SitTop_t 9 f un || SiETop2 9 g un Horizontsl 2 9 o mm
® Q B P M SlitBottom_t 9 o um || SitBotton 2 & m verticsl 1 H mm
sltRing_1 9 ] un || SitRing2 9 B u Vertical 2 9 o mm
SlitP12_1 9 0 un  SltP12 2 9 0 um  Shutker Translation
e 5 um  sltGspHorizontsl 2 ";)n S ‘ @ shuttsrou . EDEF:JE:I‘:ZUUE’I"I’:?VIQ‘
tOffset 3 um  sitOffsstvertical 2 QD UMt ShutterTranslat o~ milisecond muliple | for Sit1 and Slc2
M ono M Oto rP 1 2 um  sjioffsetHorizontal 2 9 a um DDtT 9 D“ — \’_’ gm”— [
Pitch_2nd -0.7z0o ey
= ‘ a < LULL Axishames Position 5E
| AbsMove | v -0.7206 I ool o —_— I
|IncrementaIMove‘ 20 mm gack2 gl mm JJ
Speed -0.0150782 mm/s |3ack3 o mm i JJ
PositionLag 1E-4 mm Eatenal tl mm_| d B JJ
- Roll_1st 2.3025 mm J |'— JJ
| Stop Axis ‘ . Roll_2nd 0.191 oy [ JJ
| SetVelocity 1 - 500 mmjs Pitch_2nd -0.7206 oy JJ
Perp -t.oase+s | mm | E JJ
| Enable Axis | |Disable Axis| | Reset Axis | [ aisl]
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Commands:
<EMBLMoveAbsPlateScrY>

Click Centering tool

MoveAbsPlateScrY(x,0,z)
Range check(x,y,z) of move commanc

Move AbsolutePosition
Relative Z
Robot World Z

— RobotStatus

PRl Db ServerLogFile
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Outlook

* Finish AttoCube MotorServer integration

» Finish PI-Piezzo MotorServer integration
« PMAC MotorServer integration ?

« Staeubli Robot MotorServer integration ?
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