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European XFEL — a leading new research facility
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Boundary conditions in time and space...

All control electronics should be placed in 19" racks in rack
room above the experiment hutches

Burst of up to 2700 pulses in 600us every 100ms
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What has to be controlled: motion, vacuum, temperature, power, protection,...
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PLC systems — simplified overview

W Programmable Logic Controller
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PLC systems — modular and compact structure
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Example of installed PLC systems
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PLC Framework Library and generic interlock functionality

Device Name SA1_XTD2_VACNVALVEN10230G

W[ Terminals |9 [ 1w Components Conditions  Signal Source (Device.Parameter) Operator (optional)  Signal Source (Device Parameter)(optional ) Operator  Limi
e ¢f  SA1_XTD2 VACAPUMP/P10210l._bit_lonPumpDI EQOp  FALSE
SW repfosontabon 02 SA1__XT DZ_VAMP UMPP 1m._b“_|mo‘ m FALSE
3  SA1_XTD2 VACAPUMP/P102401._bit_lonPumpDI EQOp  FALSE
o~ S od  SA1_XTD2_VACAPUMP/P102501._bit_lonPumpDI EQOp  FALSE
J Mapping [ 5 SA1_XTD2 VACAPUMP/P102601._bit_lonPumpDI EQOp  FALSE
S 6 SAI XTD2 VACIPUMPIP10270I. bl lonPumpDl EQOp  FALSE
e ¢ SA1_XTD2 VACAPUMP/P102901._bit_lonPumpDI EQOp  FALSE
PLCIO | ficom | TCPIP | Karabo Devic 8 SA1_XTD2 VACAPUMP/P103001._bit_lonPumpDI EQOp  FALSE
variables| i owes '[ Karabo Device | 9 SA1_XTD2_VACAPUMP/P103101._bit_lonPumpDI EQOp FALSE
coms ) (Karabo Device 10 SA1_XTD2_VACAPUMP/P103201._bit_lonPumpDI EQOp  FALSE
e ‘ ' et
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Component Requirement Document (CRD) — the starting point

— DAQ and Control Systems
European
COMPONENT REQUIREMENT DOCUMENT
- B Dol GRA o
Summary
Companant (ther LHEAT mposant flasg Laser Heating
1A2 S Interaction Area 2
HED —— SASE2
wWCB#23 hatch / Rex Al12
tach feptiona A22 e |opticns First Floor
CARRAR AR 12.03.18 Ruquasster W HED / WP82
. andreas.berghaeuser@xfel.eu
h,
Ancress Berghiuses Phone: 040 8998 3176
zuzana.konopkova @xfel.eu>
2uzana Kenoekova Phone: 6793
Revisions
added monitor signals
1 28.03.19 A8 added interface specifications
2 28.03.2019 NC Terminals and loop assignments
3 23.05.2019 NC /IR Added Typical Information, corrected wrong
WCB number
4

£ For tunnels, please provide room number (if known) and absolute position in meters.
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Equipment overview

Mention the type and the number of the equipment you need.
AN avoiloble equipment types con be found in this Ast.

Stepper Motor
Cameras
Pneumatic Drive
Analog Output
Digital Output

Digital Input

25

16
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no

yes

no

no

no

no

Stegoer Mater

ROTATOR 3

ROTATOR 2

sASLER L

Newpart

Newpart

ACALECO- 20gm

Via W 24
WIS

€ 20

Vie WCB 24

WIS

c 0

Oats Gt

Pok via switch s A22
Trigeer XFEL trigger

€52031

€52031

SD_MC2MOTOR

SD_MC2MOTOR
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Electrical CAD design (EPLAN P8)

| I
European XFEL GmbH ,//
European Albert-Einstein-Ring 19 PLAN
XFEL 22761 Hamburg F——
Project ID BKF00042 Requester Steffen Raabe
Project Name SPB_BKF00042_EHU_CSLIT-2 Department SPB (WP-84)
Project Description  Crate contains: SPB_BKF00042_EHU_CSLIT-2 Contact +49 (0)40 8998-6345

steffen.raabe@xfel.eu
Albert-Einstein-Ring 19

22761 Hamburg

Project Coordinator EPLAN Designer
Dr. Partick
Gessler
Department AE Department
Contact Contact
Phone! +49 (0)40 8998-6440 Phone!
Mail patrick.gessler@xfel.eu Mail

PARLICK

Patryk
Parlicki

CIE

+49 (0)40 8998-6831
patryk.parlicki@xfel.eu

Software Developer

Department

Contact
Phone:
Mail

Number of pages
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PLC Project generation

Project Data
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Interlock Definition

Electrical Design
EPIAN’

electric
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)

Dr. Patrick Geller, Head Electronic and Electrical Engineering, European XFEL, October 10t, 2019

PLC Framework
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Presented in THAPPO1 this morning

European XFEL
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General MicroTCA Infrastructure

MicroTCA Crates X2Timer DAMC2 S1S8300 ADQ412/ADQ14/ADQ7
Large 12 slot 9U and XFEL Timing System  Required for Clock & Control ~ Fast 125MSPS ADC High-speed digitizers
small 6 slot 2U module for system for fast 2D detectors, with 10 channels and from 1.8GSPS to
(including MCH, Power synchronization (clocks VETO System, Machine 16bit resolution for 10GSPS with 12 to 14
Supply and CPU) and triggers) and pulse Protection System and diagnostics and bit resolution from
parameters from NAT  photon beam loss monitors detectors from Struck Teledyne SP Devices

from DESY Innovative Systeme
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Overview of general FPGA design concepts

Top Level Project

Defined Interface

| Register B (e.g. Window Size)
Memory C (e.g. Filter Coeff.)

|
Special <
Connections I

Providing Structure: Start-Up Projects

separation in board and application

European XFEL

How to change parameters at run time?

NicroTCHY

FPICMG® Specification MTCA.4 R 1.0 D0.9

Standard Hardware API Design Guide
Version 1.0

Guideline for designing Hardware Access APls for MTCA 4 Systemns
HNovember 30, 2016

For Member Review Only - Do Mot Claim Compliance to or Distribute This
Dt Specification

fo)  LTCA®

Open Modular
Compauting Speciflcations

-

Device

Module #1

Module #2

Module #3

Self-descriptive register set to auto detect

and check for compatibility

1 Communication Path
~ (e.g. PCle, Ethernet,..)

Firmware

e
lmag' VIRTEX -5
RCOVERISTY

¥

ills, ¢

XML = =

FILES

User Registers and
Memories Description

Control System
Software

It also allows centralized remote firmware management (e.g. version tracking and remote upload synchronized with shw updates)

Automatic register and documentation generation

based on VHDL table
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High-level FPGA algorithm development and simulation based on Simulink
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FPGA processing algorithms and interfacing standards — Signal processing

Pulse Period

A
v

sl 1), Baseline
] 0=0—0—0 x Number
i of pulses
. o ®

o
I ﬂ © L J

3 Pulse Stretcher RTM

: = 10 SMA Connectors FWHM = 92.59ns ¢ e
= Bandwidth = 12MHz )
> 2 Direct channels oq
2 8 Stretched channels | | =----= >

e = Configurable DC Output

; OpeliEL.oVLLEx Linear interpolation

’ at the zero crossing

Zero Suppression Pulse Integration Peak Time Detection
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Other tools and solutions not mentioned yet

Host State Breakdowns:
Host % Time Up % Time Down % Time Unreachable % Time Undetermined

exfid-fence S4.435% (87.034%) 7.081% (12.300%)  0.000% (0.000%) 37.883%
exfitacest  33400% (S3A99%) 28.841% (48,101%) 0,000% (9.000%) 741%
15 54T (M0.ST9N) 0200% @.421%)  0.000% (9.000%) Qs
£3,158% (39.857%) 0.091% (0.143%)  0,000% (9.000%) 875N
B3.012% (I9.504%) 0.314% 0.490%)  0.000% 9.000%) BeTN

£3239% (99.978%) 0.014% (0.022%)  0.000% (9.000%) 3.7
40,102% (39.967%) 0.005% P.013%)  0,000% (9.000%) 59.892%
6.958% (39.965%) 0.008% D.015%)  0.000% (.000%) Qs
40,100% (39.995%) 0.002% P.005%)  0,000% (9.000%) 59.892%
S0.304% (39.950%) 0.026% D.044%)  0,000% 9.000%) Q%
40.502% (39.967%) 0.004% P.013%)  0,000% (9.000%) 23.850%
€2.902% (99.389%) 0.308% (DAM1%)  0,000% (9.000%) 8782%
exfiutci0bmch 30.001% (39.235%) 0.307% (0.785%)  0.000% 9.000%) s.800%
eftci0d  62850% (99.383%) 0.350% O1T%)  0,000% (9.000%) BI5N
exfitci0bmch 39.000% (39.233%) 0.07% 0.767%)  0.000% ©9.000%) 9.8%%

2 0.200% (0.209%)  0,000% (2.000%) 3,7
0.307% @.784%)  0,000% (9.000%) £9.890%
0.204% D.575%)  0.000% (2.000%) BI9%
0.304% .757%)  0.000% 0.000%) 59.802%
1 0.01% 019%)  0,000% ©.000%) 8245
: 0.084% ©.134%)  0,000% (0.000%) 5.892%
: 1.151% (2008%)  0,000% (2.000%) 3.408%
3 0.002% 0.005%)  0.000% (9.000%) £9.800%
: 5.113% (B.082%)  0,000% {.000%) 8.738%
exfitci0l-mch 40.302% (39.967%) 0.009% D.013%)  0.000% (9.000%) 9.80%
exfistcdd2 00.291% (85.967%) 6.993% (1.033%)  0.000% (0.000%) BN
exfitci02mch 35,001% (B8.920%) 5.267% (13.000%)  0.000% (9.000%) 973%
v 0.528% (0.820%)  0.000% (9.000%) .000%
0.530% (1.321%)  0,000% (9.000%) £5.850%
exhutcios 0.954% (1.507%)  0,000% (9.000%) B8N
exuedonmen 0.527% (1.315%)  0.000% .000%) .892%
fitcat £3.202% (99.784%) 0.14%% (0.230%)  0,000% (9.000%) e
SLIN%K (30.441%) 0.354% (0.566%)  0.000% ©9.000%) BIUN
£3.288% (99.847%) 0.057% (0,153%)  0,000% (9.000%) 0.015%
47.50%% (15.257%) 15.950% (24.743%) 0,000% (9.000%) BIN%
exfutcadey  63.200% (B9.819%) 0.15% (0.181%)  0.000% (0.000%) 1%
exfitcatee  TR4O% 29.965%) 44,302% (70,045%) 0,000% (9.000%) BN
exfltcae’s  SLIAYS (81.558%) 11.724% (18.442%) 0.000% (.000%) BaN%
Costeapi  90,152% (39.954%) 0.020% P.040%)  0,000% (9.000%) Q%
faetmasec  56.900% (I9.96I%) 0.010% POITH)  0,000% (2.000%) 0045
fxelopd!  SA.908% (39.961%) 0.00¥% DONT%)  0.000% (2.000%) 8%
£6.100% (39.962%) 0.010% R.O18%)  0,000% 9.000%) 43.804%
S6.06%% (39.953%) 0.027% E.4T%)  0.000% (9.000%) a.804%
50,100% (39.962%) 0.010% P.O18%)  0,000% {9.000%) a884%
S0.908% (39.908%) 0.008% (D.014%)  0.000% (9.000%) a.004%
£6.905% (39.961%) 0.010% P.O1¥%)  0,000% (9.000%) Q.884%
£0.999% (39.962%) 0.010% DO16%)  0.000% ©.000%) Q%
S6.170% (39.904%) 0.009% D.0M%)  0.000% (9.000%) Qs
6.173% (39.994%) 0.003% .008%)  0,000% (9.000%) a82e%
S6.175% (39.965%) 0.008% P.015%)  0,000% (9.000%) Qs
6.972% (39.980%) 0.004% D.007%)  0,000% (9.000%) Qs
S0.171% (39.991%) 0.005% P.009%)  0,000% (9.000%) a.824%
SA.AT1%.99.901%) 0.008% P.000%)  0.000% (9.000%) 824
S0.173% [99.954%) 0.003% (0.000%)  0,000% (9.000%) 8%
$6.172% (99.980%) 0.004% P.007%)  0,000% (9.000%) Q045
26.173% (39.994%) 0.003% P.008%)  0,000% (9.000%) a824%
27.307% (39.952%) 0.002% .006%)  0,000% {9.000%) T2091%
sadpiomaster  27.300% (30.908%) 0.001% P.O4%)  0.000% (9.000%) r2m%
Wi B578% (39,506%) 0.002% A%)  0,000% (2.000%) 0.420%
sadpomov?  20.307% (I9.902%) 0.002% .006%)  0,000% (2.000%) T2001%
sadgoscs  22.007% (B0.902%) 0.002% D.006%)  0.000% ©.000%) 2001%
salpiosqs  27.307% (39.952%) 0.002% R.006%)  0,000% (9.000%) 72001%
sadpiovas  ZL00% (0.302%) 0.191% 0A96%)  0.000% ©.000%) T20m%
salpioagm  27,307% (39.994%) 0.002% D.000%)  0,000% {9.000%) T2091%
ssbmtmags  S1419% (31.400%) 4.798% (B.5M4%)  0,000% (9.000%) ams
spbntmasec SLAIS% (D1.44%) 4.799% (3.526%)  0.000% (2.000%) Qs
$5-00p-1 20.940% (39.950%) 0.024% D.04T%)  0.000% {9.000%) 45.009%
ssb-oop10  S1.048% (30.000%) 5.247% (.320%)  0.000% (9.000%) Q.708%
spe-loog- 11 S1.427% (91,400%) 4.736% (8.534%)  0,000% 0.000%) Qs
spbbop-12 LAY (D1AM%) 4797% (B.512%)  0,000% (2.000%) Q7%
ssbioop13  S0.891% (B0.008%) 5.227% (3.314%)  0,000% (9.000%) Qs
$50-t005-2 S0.947% (39.955%) 0.023% D.045%)  0.000% (9.000%) 45.000%
9500050 S0.04T% (PR.904%) 0.000% .OM%)  0.000% (0.000%) 49.00%
$50-1005-4 50.940% (39.954%) 0.023% D.048%)  0,000% (9.000%) 3,000%
58-1009-5 S0.940% (39.957%) 0.022% P.043%)  0,000% 9.000%) 4.0%0%
25010008 £0.548% (39.957%) 0.022% P.O43%)  0,000% (9.000%) 45.000%
$50-t005-7 20.94%% (39.959%) 0.021% P.41%)  0,000% (9.000%) 45.00%
350-1000-3 SOT31% (39.532%) 0.238% D.486%)  0.000% 9.000%) 49.0%0%
$50-005-5 50.957% (99.950%) 0.024% D.047%)  0,000% {.000%) S0
Avecage 49.401% (30.530%) 2073% (3.4682%)  0,000% (9.000%) e

I B Y European XFEL

Service Overview For All Host Groups

Beckhoff CPUs HERA-SOUTH (beckhoff-cpus-hera-south) PLC CPUs in FXE (pl-fxe) PLC CPUs in FXE LASER (pic-laser-fxe)

Host Status Services Actions Host Status Services lztk?nl Host Status Services Actions /
ef-dfenice  UP No malching seraces qma& tert-ma-po Q!{]ﬂ& efpo25915  UP QS& pu ppe

uP
efbscsaft DOWN Nomakhingsersces AR E  tewtmasec P QAF SR
tedoop01  UP QEFea . .
L~ For automated OS install and config
tedoop0s  UP Qe &a m
tedoop08  UP A8 &a
rsysLOG
teedo0p-08 uP QEB&
PLC CPUs in SA1 (pic-sal) PLC CPUs in SA3 (plc-sa3) PLC CPUs in SPB (pic-spbd)
Host Status Services M%B& Host Status Services Actions Host Status Services kc%s&
saigceps o0 (DO UM sdsices NS [ToRMCAL| QFB R swvermage W o] } . .
salpiceps2 UP  Nomatwngsenices VRS (PSENG] sommasec 0 RN B & For OS monltorlng
satgictez UP  Nomanngseces QLA S fslemaster W memae ARE e s Fe A
sapiemy UP  [SOR QLI_’:S& sadpiemovt WP (ORI QMB& spdloop-10 UP QMB&
sslpemel UP Nomstcngsenices [V 8 el - [1CRMCAL| QAR K wooeen @ e FEA
e | (ESA |, mmmm qmgy o - MM CERS o e
sat-picvac upP _ QMB& e - _ QMB& P w _ QEB& l | I ’ l
salpicwac2  UP  Nomalching sendces Q[?fB& . — @Ba e » @ \FRa — — T — =
:;«::; w m— QES& 3pd-H00p-4 w e QMB& . — acee o SEenS
SR wips w0 EEE FEB & ' ‘ I
sobioops P QFB & PLC Network PLC Network
$p0-400p-7 w o QEB& ‘ -I l , |
5pd-l00p-8 w e QEB& PLC e PLC PLC PLC
woiops e [om B & v cPu cPU cPu U

Nagios for monitoring and alarms L
PLC Framework PLC security via

regression test system isolated networks
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Status (9/2019): Integration in Numbers Distribution of softdevices

I Softdevices: 9.482
Others

1000

"% PLC Loops / CPUs: 120 Pump gf;letm"ers
¥ Number of Terminals: 8.452

"¢ PLC Modules / crates: >500

8 MicroTCA Systems: 35

=% Digitizer channels: >280

I B Y European XFEL
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What is next...

Integration of general automation functionality into PLC systems (beyond interlocks)
Integration of safety PLC systems for cases where a machine is a risk for health

Development and evaluation of high-speed FPGA based image processing platform

1 | European XFEL
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Thank You for Your Attention

L

1 European XFEL
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