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Introduction

* The European Molecular Biology Laboratory EMBL-
Hamburg currently contructs an integrated infrastructure
for life science applications at PETRA |l / DESY.

* Beside others the centre comprises two Beamlines for
Macromolecular X-ray crystallography (MX1, MX2) and
one for Small Angle X-ray Scattering (BioSAXS).

* Two DORISIII/DESY wiggler beamlines are available as
Test beamlines for hardware and software equipment
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PETRA3 Beamlines

* Energy 6 GeV

* Current 100 mA (200 mA) — top-up

* Emittance 1.0 nm rad e

* Coupling = 1%

* Bunching 960 or 40 bunches
» Brilliance, =~ 10%" 1/s mm?mrad? 0.1%BW

*Circonference 2.3 Km Operated in top-up mode
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EMBL

Experimental area

Optics area
Horizontal focusing mirror Frontend

Vertical focusing mirror

Multilayer
Monochromator
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EMBL@PETRA Il beamlines for structural blology
‘ \

* 3 out of 14 PETRA beamlines operated by EMBL.

* One beamline for biological SAXS (P12) and two for
macromolecular biology (P13 & P14).

« Standardized layout, optics & controls for all beamlines.
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EMBL@PETRA IlI: Integrated facility for structural biology

* Computing facility for Data Analysis.

* Workshop, offices and seminar room.
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Petra3d Beamlines

'I_._
= i

B ==

mm——
———]|

II | ||| ‘III...'II
rulfrr.uur,l,u-

T ———

L
'lI

‘-fl'_f rrr. e
L

¢ Im &m S0m Thm Tim

; H W '.':,.é-:' i
12m 15m TG Alm \ ;




Instruments: (standard) double crystal monochromator

* All Double Crystal Mononchromators installed and operational
* Motion control by fileldbus modules (exception Bragg axis) operational.

* BioSAXS & MX2 DCM: in beam commissioning started.
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First beam
BioSAXS beamline

* First beam on frontend (white beam) on
15.7.2010

* First monomchromatic beam on 22.7.2010

BioSAXS: white beam

15/7//2010
MX2 beamline
* First beam on frontend of BioSAXS beamline '
on 9.9.2010

* First monomchromatic beam on 17.9.2010 .
MX2: monochromatic beam

17/9/2010

MX1 beamline
* Expected in 11/2010
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Network Topology

Repeater server for all important

Petra data are via the TINE GATEWAY
accessible at the EMBL

dataflow through the DMZ with communication
through defined ports

DESY DMZ
EMBL DMZ

TINE DESY 131.1609.......

TineGateway

Hasylab

Frontend

Undulator Beamlines
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Software Architecture

Presentation Layer/ Communication Laver

TINE Services:
Sequencing,

Alarming,

Beamline Server Layer

3 Layer

Generic Component Server

20d T ayer

High Level Device Server

1 Layer

Low Level Device Server

1% Layer

EMBL




Data Access Rights with TINE

*  DelicateControl system data can easly be protected

by:
* Client Username (PC)

* Client IP address

* Server Property
(Channel)

EMBL



* Linux
- WinXP/XPE
Programming tools

* C/C++ server programming

* LabView device server, Clients, Rich Clients remote
Beamline software access

* TINE Common Device Interface CDI for Device
access

*  TINE Command line tools
* PyTINE Scripting
* MxCube Graphical Beamline User Interface ESRF

EMBL



Software Modules

Generic tine motor server

— Beckhoff/TwinCAT motor K- * General Beamline tools
Bus — Scope
— Beckhoff/NC EtherCAT — Function generator
Plugin _
* Generic Detector server  Experiment Web access

— Pilatus — ISPY_B connectivity

Rayonics MX225 . -
_ MAR 345, MAR165 Selélrrlﬁ?;peesrlment control MX

* Endstation software — Bliss Framwork/ MX-Cube
Marvin SC device server Scripting tools

— MD2 Tine device server PyTine
* Data collection server Slit scanning server

* Instrument protection system Mirror server

* Vacuum control — Remote Beamline Access

*  Experiment server — TINE Videoserver
Metaserver

EMBL



* Distributed electronic
* All Signals, Monitors, Motor parameter etc
synchronized to each other

* Distributed-> short signal lines
* New Ethernet based
- signal synchronization <1ms
- acquisition cycle <1ms
* Servo and Stepper motor control
* Requirement: Al 16 bit
* Counter : 5SMHz

EMBL



EtherCAT=CANOpen over Ethernet ->open protocaoll

real time software PLC cycle times 100 us

Master Master Clock synchronization 1 us.

interfacing to (CAN, S5, SerCos, Profibus Gateways available)
Counter, DIO, AIO

NC numeric motor control of TwWinCAT operates servo motors,
stepper motors, dc motors,....

DIO XFC (extreme fast controls) modules of Beckhoff timing to
100ns. Incremental timing with 10ns steps possible,

Analog input up to 200kHz (15 bit,0.5%precision) Overclocking
24 blt AI avallable EtherCAT Technology Group Members .,
EtherCAT open protocol g e ————————————

M B @mr T o e omsem DT GEEES commem ek
% AR PreGATT G vancoan € montren  teroconto: @88 — [T s

www.EtherCAT .org e e e e o RS e e S

[




Data Bridge Beckhoff EL6692

PLCA1 PLC2 PLC3 PLC4
Motor Motor2 Monitor

PLC clock synchronization Cycle synchron up to 100 kHz
NEW: NI - RIO series
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TINE Generic Motor Server EtherCat Plugin

* Support for closed and open loop motor control
* Definition of MotorGroups (Pseudo motor axis in file)
* Motor configuration in file

* 'Step scan' for motors or Motor Groups

* 'OnTheFlyScans' of motors or predefined Motor groups

WaitTime zero enables the PLC to store Axis position and
Monitor Value to PLC array.

* Scan(StartPosition,StopPosition,Movelncrement,WaitTime
,Monitorf])

EMBL



Low Level
Device Server

Low Level
Device Server

High Level
Device Server
Generic

TwinCat PLC
Task IPS Libs
Task Motor Lib

ADS

TINE CDI Server

TINE

EtherCat
Plugin

MotorServer

ADS

100us

TwinCat

HardwareManager
NC-Motor Control

cycle Time

EtherCat

EtherCat Device

Motor1

Motor2

Monitor1

Monitor2
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TwinCAT NC Hardware Management system

#310.150.0.34 - Remote Desktop 8] x|
. p14_14_100_2010 - TwinCAT System Manager [ [=0x]
Ele Ede dctions ew Optons Hep

TwinCAT Numeric Control

e Cortaeton || e e e e s | e (e[|
= NC-Task 1 SAF

Selpoint Postion.___[rn)

N e | Servo axis control
closed and open loop

- Jackt Overide: %) Total/ ContiolDuiput__[%] Err:
-+ Jacke 00,0000 % 2000/ 000% (0]

&, Jsck2 Ene Status fog) Status (hys.)
I” CoupledMode
I In Target Fos.
T InPos. Range

=] dacle Drive FJ Fleady [ NDT Moving

a
¥ Cortioler et
¥ Fead Fir

i dackectl I Calivated ¥ Moving Fue
I Engenge

™ Has Jo oving B © Feed Bw

[ it ¥ Hasich [ MovingB I Feed B

- Jacks Contolle Ky Factor mm/séimr] Beference Velocity frmis]
- Lateral

- tstCrystakol

- 2ndCrystalRoll Target Position: [mm] Target Velocity: [mm/s]
- ZndCrystaPiech 1 0

8 PLC - Configuration

o 4

B 1/0- Configuration ) ] .

Do Prink... Options,., Debug Tools... Monitor..,  Inpuk Panel!
% Gerst 3-prozesssbbid

=t Gerat 3-Image2
S,
Y1 Einginge.

§! Ausginge

InfoDaka

Klemme: 1 (EK1100)

Device Context——— - Device Subsystem
ITEST d IALL j [~ Show Stock Properties

5 Kerme 2 (133149
B Klemme 3 (EL3312) =

Device Server————————— |~ Device Mame —————— - Device Property
IHntanteering j Mot

Data Type — | Description —————————|
IDIJUBLE ~| | [motor position

| Keme 4 (E13312)

| Kerme s (13312)

§ Kerme 6 (EL1014)

B Kerme 7 (E12034)

8 Jackieiderhan

§i Jockateidenhan

§i Jackateiderhain

i LateraRenishan

i 1stCrystaRolRenshan
& andarystaRolRenishaw
§i 2ndcrystaPichRerishan

Data Size
7

PozitionMinimum
PositionOffset

4] JackiMotor e
e /TESTMoatarStesring/Mot1 Position @ Sep 28 13.40:55.243 Rosition5 cale
( 0) Motl : 1.33413597941399E-02 RotationMoyeAllowed
-
( 1) Mot2 - -4 _45599985122681 ScanMove PAUSE -
( 2) Mot3 - -8_23999345202582E-02
UeloctityMaximum CREADIWRITE ACCESS)> -> { 3) Motd - 0 ITEH‘t dum "'l
StepMouve STATUS (READ ACCESS> 4 Mot5 - 0
IncrementGroupMoue . START (READ IURITE 4 : transport —
MicroStepsPerStep (READ ACCESSE> - Motor { 5) Mote - 0
Move .PAUSE (READIWRITE ACCESS> —»> Pause udp [default)
IncrementGroupMove .STATUS CREAD ACCESS) ( 6) Mok? - 0
FreeMove .PAUSE (READIWRITE ACCESS) -> Pau
target <—

StepMove .PAUSE (REfA RITE ACCESS) -3 PauSe nove to rarges
PozitionOf fset (RERA RITE ACCESS) -> motor position offset <—
IncrementMove .RESUME C(READIWRITE ACCESS> —> Resume Increment Move to tap

Inczementl"loue.STﬂRT (READIWRITE ACCESS» -» start Increment Move to targe
position <-
IncrementMove .STOP (READIWRITE ACCESS» —-»> Stop Increment Move to target

et {—

Move .START (READIWRITE ACCESS)> -> start Move to target position <-—
RotationMoveAllowed (READIWRITE ACCESS> —»> Linear Rotation Moves <end suw

R R R - R B R R L

W
o

o
~

|

R e | SC'vers are automatically generated
by the TINE MotorServer and CDI.

EMBL




F: | - I - .I' = .

q! oo |

E I |V - . o {
- # q ) .

EMBL — FMB Oxford Monochromator

== W
T - .

FMB Oxford
Bragg axis: PMAC

Fine adjustment :
Piezo motors,
Pl controller

ge
=

- sl
ap [1a - .
II e .'I

Stepper Motor control :
Ethercat motor controller
Renishaw encoder




Beamline Frontend GUIS Status
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The EtherCAT bridge terminal EL6692

*data exchange between EtherCAT strands
with different masters.

) RunPrim

smsw  *Synchronization of the distributed clocks

* Power

herCAT ™
HEHIDGI:: . EtharCAT 1 E ﬂ




Beckhoff @ the Petra Synchrotron

Ring: Undulator control

Positionining of the Petra Dipol magnets
Beamlines Hasylab:

Vacuum interlock

Control of the large offset Monochromator

GKSS ;
Detector tube for the BIOSaxs Beamline

EMBL:
Monochromator
Mirrors

Slits




Monochromator - Undulator synchronization

Hardware synchronization
With EL6692 Communication .
Box PLC cycle synchron tigifg

Renishaw
CounterBragg




Robotic Sample Changer development

=

EMBL Sample changer BW7B
T =

1L AUTOMATED DALY BT,

EMBL Sample ch
i ‘

Doris Curre

Doris Lifetime




SC Softeware Integration

TINE Service Presentation Layer

Touch Panel
Client, LV

TINE Archive

WebClient
SampleChanger, LV
I
I

Experiment
Sever, LV

Beamline Server

TINE Alarming
DataCollection Centering Server, Component Server

Server, C++ LV

TINE
NameServer

High Level

Sample Changer Generic BarCode Device Server

Server, LV detector, C++ Reader, LV

Access rights Device Server

Robot; V+ Goﬁiometer,LV
10.150.1.189 10.150.1.17S Camera

Detector,C++ BCM Beckhoff PLC
: (Table,IC,...) Dewar,Centering

ServerConfig
tool




EMBL MARVIN
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EISC_GUI_New_BW7B. vi

File Edit ct Operate Tools Window Help

‘ CENTRING ‘ Sample Mount & Data Collection ‘ Barcode \ Beamline Control ‘

SC Activity CRYO Storage Dewar
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1 -
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Outlook

EMBL is the Pioneer for TINE Beamline control

others should follow - TINE is a excellent choice
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