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1 Management of the Motion Control in Large-Scale System

European

XFEL ] Facility overview

The European XFEL (X-Ray Free-Electron Laser) is a research
facility under construction which will use high intensity X-ray light
to help scientists better understand the nature of matter.
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Facility overview
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Management of the Motion Control in Large-Scale System

European

XFEL | Undulator Systems

Beamline Electron Photon Wavelength A Gap 4y Quantity of
energy GeV energy keV mm mm Undulators
SASE1 10.5 2.3-14.9 54-083 10-24
& 14 41 -18.7 3.0-0.66 10-20 40 35
SASE 2 17.5 6.4 —29.2 19-043 10-20
10.5 0.26-2.2 47.7-5.6 10-28
SASE 3 14 0.47 -2.6 26.6-48 10-24 68 21
17.5 0.73-4.1 169-3.0 10-24
Total: 91

Undulator Rack | Intersection Rack |

SASE 2
tunable, planar
3 - 24 keV

electrons

tunable, planar
3 - 24 keV

I —]
Undulator cell

SASE 3

tunable, planar
0.26 — 3 keV
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1 Management of the Motion Control in Large-Scale System

European

XFEL ] Undulator Control System

The undulator control system is

based on industrial components Undulator System
produced by Beckhoff company and
a PLC implemented in the TwinCAT
system.

EtherCAT p ~
Central Control Node device and motion control - ~
(CCN) E y

EtherNet
4 N\
monitoring, remote access - ~

and maintenancel
CCN is 19” rack Windows PC

\_ 4

LCN is Beckhoff industrial Windows PC
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1 Management of the Motion Control in Large-Scale System

European

XFEL ] Objectives

Problems by Setting up a Local Control Node (LCN)

To change any parameter in LCN, it was necessary to
go to tunnel or use Remote Desktop

To clone image, it was necessary to use card reader
No way to obtain data from Database

Manually changing each individual parameter (Position
bias, Motor torque value, Coefficient files, Tables ...) on
each Undulator

Manual startup configuration after cloning (IP addresses,
AMS Net ID, EtherCAT device ID ...)

Time consuming, error prone

The commissioning and maintenance of such a large-
scale distributed system were necessary to automate
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I - Management of the Motion Control in Large-Scale System

Image Distribution Automation (IDA)
Operation Principals

European

XFEL

Local
Central Control Node Control

Node
DB Proxy ’

- IMage
w Imag /7

~ Manager
DESY Network ( L
Tiny Linux Distro *

Image
Storage

ORACLE

* Based on Gentoo Linux Distribution, combined by
Martin L. Purschke, Brookhaven National Laboratory
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I - Management of the Motion Control in Large-Scale System

Image Distribution Automation

European

XFEL] Components

Central Control Node

’ Transfers data between
y DB and Client

- Image User application to control
~ Manager imaging and parametrization

(¥
Tiny Linux, which loads on

Tinv Li D ’ Client to read/write image
ny Linux Distro from/to CFast

Image All images are stored on CCN
Storage

Local Control Node

Performs all
operations on
Operating
System, TwinCAT
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Undula
Syster
Datab:

B Image Manager --- version:

Management of the Motion Control in Large-Scale System

Image Distribution Automation
XFEL ] Update Image

Cells | Settings |

[~ Cell |!PMc|ms MAC Address | Version |Slalu=| Fing! Operation Last Status | -]
C 1 in10dd MAA [x] Mo Action

2z 101012 N/A (%] Mo Action

O3 101013 000105128202 & & Done. rebaoting... 29-5ep-15 3:13:33PM
T4 101014 DOO1050FE396 & [x] 07-0ct-15 11:18:32 AM
5 101015 000105116466 v L]

W5 01016 0001050DEC44 : %

C 7 w1017 /A v [%] 23-Sep-15 5:09:26 PM
T8 101018 N/A (%] Mo Action

C 93 101019 NAA (%] Mo Action

T 10 1010110 A (%] Mo Action

o1 owien N/A ] Mo Action

- 12 110112 N/A 1] Mo Action

M 13 1010113 N/A (%] Mo Action

14 1010114 N/A (%] Mo Action

™1 110115 /A %] Mo Action

O 16 1010116 /A (%] Mo Action

o7 110147 NAA %] Mo Action

18 1010118 N/A (%] Mo. Action

T 19 1010118 /A ] Mo Action

T 20 1010120 0001050DECSS & (%] 06-0ct-159:31:49 PM
C21 i N/A (] Mo Action

2 1010122 /A (% Mo Action

™23 1010123 /A %] Mo Action

O 24 1010124 N/A (%] Mo Action

O 25 1010125 %] Mo Action

C 26 1010126 (%] Mo Action

C 27 1010127 @ No Action | |
[T 22 1010128 (%] Mo Action

O 2 1010129 (%] Mo Action

T 30 1010130 (%] Mo Action

T 31 101013 €3 Mo Action

O 32 101013 %] Mo Action =
[ ions

Update Params Updste Image Refresh Versions Rlefresh Status | Refresh Ping Make Master Fitter I
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1 Management of the Motion Control in Large-Scale System

curopean | IM@ge€ Distribution Automation
XFEL ] Update Parameters

WImage Manager -— version: L0.2.175 =
Cells ISettingsl %
I™ Cell | IP Address | MAC Address | Version |Sta:us||=ing! Operation Last Status | =]
O 10.10.1.1 NAA [x] No Action
C 2 101012 N/A, [ No Action
M3 101013 000105128202 & ) Done. rebooting... 25-5ep-15 3:13:33 PM
O 4 101014 0001050FE396 & (%] 07-0ct-15 11:18:32 AM
5 101015 000105116466 e [ 07-Oct-15 10:25:30 AM
W& 101018 00010500ECA4 ; * 07-0ct-15 10:27:16 AM
C 7 101017 NAA v (%] 23-5ep-15 5:09:26 PM
T8 101018 N/A [ No Action
C 3 101019 NAA o No Action
1 1010110 N/A '] No Action
Co1owinin NAA ] No Action
K12 110112 N/A & No Action
13 1010113 NAA w No Action
14 1010174 N/A [X] No Action
15 1010115 NAA ] No Action
T 16 1010116 N/A 1] No Action
17 1010147 NAA ] No Action
18 1010118 N/A [ x] No Action
19 1010119 NAA [ X] No Action
U T 20 1010120 0001050DECHS o [X] 06-Dct-15 5:31:48 PM
R B U R 1 NAA w No Action
( M2 1010122 NAA o3 Mo Action
] C 23 1010123 NAA, (¢ No Action
|: D24 1010124 NAA &3 No Action
NAA (] No Action
C NAA ] No Action
E L N/A [ %] Ma Action |
I NAA '] Mo Action
C WA [ 3¢ No Action
r N/A [ No Action
NAA, & No Action
L] N/A ] No Action =i
Update Params Update Image Refresh Versions Refresh Status | Refresh Ping Make Master Filter |

ode

MOCRAF 2015, Melbourne, October 17, 2015
Suren Karabekyan, Suren Abeghyan, Mikhail Yakopov European X-Ray Free Electron Laser



1 Management of the Motion Control in Large-Scale System

Image Distribution Automation (IDA)

European

XFEL | Make Master Image

wlmage Manager -— version: L0.2.175
Cells | Settings |

I™ Cell | IP Address | MAC Address | Version |Sta:us||=ing| Operation Last Status | =]
O 10.10.1.1 NAA [x] No Action

C 2 101012 N/A, [ No Action

M3 101013 000105128202 & ) Done. rebooting... 25-5ep-15 3:13:33 PM
O 4 101014 0001050FE396 & (%] 07-0ct-15 11:18:32 AM
5 101015 000105116466 e [ 07-Oct-15 10:25:30 AM
W& 101018 DD01050DEC44 70ct-15 10:27:16 AM
C 7 101017 NAA v (%] 23-5ep-15 5:09:26 PM
T8 101018 N/A [ No Action

C 3 101019 NAA o No Action

1 1010110 N/A '] No Action
Co1owinin NAA ] No Action

K12 110112 N/A & No Action

13 1010113 NAA w No Action

14 1010174 N/A [X] No Action

15 1010115 NAA ] No Action

T 16 1010116 N/A 1] No Action

17 1010147 NAA ] No Action

18 1010118 N/A [ x] No Action

19 1010119 NAA [ X] No Action

T 20 1010120 0001050DECHS & [} 06-Dct-15 5:31:48 PM
R B U R 1 NAA w No Action

O 2 1010122 NAA, (%] Mo Action

C 23 1010123 NAA [ ] No Action

D24 1010124 NAA &3 No Action

C 25 1010125 NAA (] No Action

C 2% 1010126 N/A [ x] No Action

C 2z w1z N/A [ %] Ma Action |
[T 28 1010128 N/A '] No Action

T 23 1010123 WA [ 3¢ No Action

[ 30 1010130 N/A [ X] No Action

O3 1w NAA IX] No Action

O 32 w01 N/A (%] No Action =i
= ions

lUpdate Params Updste Image Refresh Versions Refresh Status | Refresh Ping Make Master Filter |
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1 Management of the Motion Control in Large-Scale System

Image Distribution Automation

European

XFEL1 Additional functionalities

Showing image versions of each undulator, showing if local control node is alive

CF1Image Manager --- version: 2.0.2.175 = | Ellil
Cells | Settings I
I cel |IP.A:I:I’&:$ |HNIM:I’m | Version |s:atus| Ping | Operation Last Status | |
1 10101 N/A ] Mo Action
C 2z 101012 /A [ x¢] No Action
3 10.10.1.3 000105128202 o v Done, rebooting.... 25-Sep-15 31333 PM
4 10.10.1.4 0D01050FE396 o ] 07-0ct-1511:18:32 AM
—7 - - -
— Operations
Update Params | Update Image | Refresh Versions | Refresh Status | Refresh Fing Make Master Fitter

Showing status and date of last operation

etaas il
AMS NetlD | EtherCAT IF | X102 1P | Host Name | Position Bias | Toraue | EtherCAT DID | AC Table a5 Table | CC Table | OS Rebooted? | TC Rebooted? | Date -
v v v v # v v v v v 4 No Yes|OK) 07-0ct-15 10:27:16 AM
v v v v v v v v v v Mo Mo 06-Oct-15 8:55:08 PM
v v v Vv v v v v v VN No D&t 15 95122 D1
- (¥4 v v / v v - - )
[E1Image Manager --- version: 2.0.2.175 ] 4 |
. . Cells | Settings I
Detalls WIndOW |_Ce|||IP"' |nw:“' | Versi |Sdus| Ping| Operation |Las|9taus |
- | i} 1090.17.20 D001050DECE4 o 06-0ct-159:31:45 PM
shows each operation "
and result
It's possible to filter e
. Updste Params Update Image Refresh Versions Refresh Status Refresh Ping Malke Master Fitter IW
the list of undulators
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Management of the Motion Control in Large-Scale System

Image Distribution Automation

European

XFEL] Conclusions

= Made easy to create master image without going to
tunnel or doing manual work remotely

= Made possible to have one click image deployment on
all local computers

* |s extensible, so new parameters can be added very
fast

= Saves time and eliminates most of errors

= Automats the commissioning and maintenance of
large-scale distributed system.
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European

XFEL ] Undulator control system components

Expert
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