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@ ootz XFEL - X-Ray Free Electron Laser

« The XFEL Project has become
one of the most important future
project for DESY

« The experience and knowledge of .
more than 10 years of research in * s
the field of superconducting
acceleration technology is now
applied to the XFEL

« DESY, Zeuthen site contributes to
this activities with the Photo
Injector Teststand (PITZ) and the
Modulator Test Facility (MTF)
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@ ooz XFEL - Overview
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¢ | RF-System setup

Control Racks

HV Pulse Cable

Pulse Trafo
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& wevmourz XFEL Interlock Requirements 3

* Interlocks required for up to 27 RF-Stations
(powering the cavities in the accelerator tunnel)

« Requirements:

— Protection of the cost expensive components
of the RF-Station

— Prevent any damage from other equipment
— Send status information to the control system
— Allow remote diagnostic

— Guarantee reliable and safe operation
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6 wemaurz Interlock Error Types

Dealing with different types of errors:
« Hardware failures

— non-reversible malfunctions

— broken cable or damaged contact, dead sensor,...
« Soft errors

— reversible error conditions

— sparks in the klystron or wave guide system

— temperature outside limits, ...

» Error conditions caused by transient noise from the
RF-Station itself
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& wevmourz XFEL Interlock System

» Configurable and scaleable system
* Module-based repair strategy

* Interlock functionality independent from
software failures

» Different signal types supported

— digital, optic, analog inputs and outputs
* Min./Max. thresholds
* Individual channel masking

« Hardware and Software self test
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¢ | Interlock architecture overview

- Interlock function completely implemented
In hardware structures

- Strict separation of interlock logic and processor bus

|

Interlock Slave I/0 Slave I/0 |, | Stave Expansion
Controller Module e Module |[¥ {optianal)

Input Status Signals

A I

Output Control Signals

Backplane
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G ooz Interlock Schematic Overview
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F e, Software capabilities

« Complete system self-test at power-up

« Access over intranet via http-server
— View actual signal status
— View/Change channel masks
— View/Change signal thresholds
— Perform slow control functions
— View/Change Configuration

* Access to the system secured by authentication
— Optional user ip address check

« Software & Firmware update
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B wermourz Interlock Remote Interface

Interlock Signal Status

Refresh Page
Standard View|| Alternate View|| View All|| Overview (matrix)|| Refresh
Mask configuration has changes
FlowBox
Name (c:ict.) Cond Off Action .ll:.:lr:‘e:
Systefn l,nfo F\ow';rsgiformer contact closed "Modulator off, Bias PS off 30ms
Firmware and Software Information Flowlystion | contact closed Mosator off 30ms
System name MTF-RE3 Klystron Interlock (Thomson Modulator) Flow Kiystron Body | contact closed Modhulator off 30ms
Software NIOS2 Server Ver. 1.18r Flow Solenoid 1.3 | contact closed TN Sgljggg?f&é;&?oleﬂo\d R 30ms
Software Comp"e date Sep 122008 13:10:29 Flow Modulator contact closed Modulator off 30 ms
Software with Firmware compatible? |es, perfect match.
Flow PreAmp contact closed Prearnp off 30ms
MAC 00:50:c2:66:c0:04
Flow Circulator 2 contact closed Preamp off 30ms
IP Addr 141.34.38.108
Flow Dummy Load 1 | contact closed Preamp off 30ms
IP Mask 2552552550
Gateway 14134 38 1 Flow Dummy Load 2 | contact closed Preamp off 30ms
Miscellaneous
Preamp Lock Func. active TempBox
Used N OK Cond. (elect.) | Mi clef.Min | M: def.Max | Val
Temperature 28 celsius degrae ) e | i (elocty] Min ot in | Vax ol Wax | value
CPU usage 13%, Temp Transfarmer Tank Cil inside Window |19.9°C [19.89°C |35.1°C |35.1°C |26.2°C
Memory used 7156 KB Temp Transformer Tank Water Out | inside Window |19.9°C |19.8°C |40.0°C |400°C |315°C
Memory free 25612 KB
R B - Temp Klystron Tank Oil inside Window  |19.9°C [19.9°C |40.0°C |40.0°C |266°C
Self integrity check T1327 checks, O errars, 34 active probes, 51808 bytes

Users logged in Temp Solenoid 1.3 Water Out inside Window |19.9°C |19.9°C |40.0°C |40.0°C |32.2°C

System description

Temp Klystron Collectar Water In inside Window |22.1°C [22.1°C |35.1°C |35.1°C |26.7°C

Temp Klystron Collector Water Qut | inside Window |22.1°C [22.1°C |55.1°C |55.1°C |245°C

Modulator Test Facility Zeuthen, RF-3 Thomson

Temp Klystron Body Water In inside Window |22.1°C [22.1°C |30.1°C |30.1°C |26.0°C

Temp Klystron Body Water Out inside Window |22.1°C [22.1°C |45.0°C |45.0°C |28.0°C

Temp Modulator Water Out inside Window [19.9°C |19.9°C [55.1°C |55.1°C |27.7°C

Temp Dummy Load 1 Water In inside Window |19.9°C [19.9°C |30.1°C |30.1°C |265°C
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Gt Interlock Software - Architecture

Client applications

Control System )
Interface Diagnose Interface HTTP Server

Interlock Interlock Interlock Data
System Test Configuration Aquisition

Self
Diagnose

e

Logging Service

L
Backend Application Layer

uC/OS Il with NichelP Interlock Hardware Drivers

e

Interlock controller and slave modules

PCaPAC 2008
Marek Penno, DESY A configurable Interlock System for RF-Stations at XFEL Page 14



P System-Test
B

* runs on power-up Saved Systest output at startup(1741 Bytes)
« System-selftest checks:

1. controller
2. Backplane, signal busses
3. Slave modules and

Firmware Compatibility ; " creledde
4 Slave mOdU|e Conflgurat|0n _f_l_. 'u:'.t.r:ln:lat.a < n:'.t.r_:l:anflnflr' .

'ctrldata <
ezt !tmdata

« To put interlock system
iInto operation mode,
system self-test must not
fail
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6 wemaurz Software Self Integrity Test

« Self-Test task with low priority
o If it fails, hardware watchdog gets active

» Periodically tests each second:
— If any task has a stack under-/overflow
— If read-only marked memory areas are corrupted
— If any tasks are dead or hanging
— If any tasks reports an unusual amount of errors

* On error, sends report and reboots the system
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Stack Check

If changed, stack
overflow detected!

A MAGIC Number

Stack Top

Stack Content
of Task n

ATOWS

Stack Bottom

MAGIC Number

If changed, stack
underflow detected!
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pajsal
Kjjesipouad

Self-Test Technics in Detail

RO Memory Check

CRC32 Checksum

If checksum
mismatch, memory
corruption detected!

paysal
Kjjesipouad

Dead Task Check

Periodically
updated *

Last activity

timestamp
If limit hit,dead
Periodically task detected!
Tested

A configurable Interlock System for RF-Stations at XFEL

Error Flood Check

On Success,
if >0
decreased

On Error,
increased

Error Counter
Balance

If limit hit, to
many errors
detected!

Periodically
Tested
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Interlock Signal List

« Signal-list in form of a Excel =
sheet is used to configure: =

— Interlock Software

— Interlock Firmware Logic =

GUI

subsequent files

— VHDL sourcefiles =2 o A et ey e
— configuration files and

scripts

PCaPAC 2008
Marek Penno, DESY

out_190 prog_curr_solenoid psl <=
730 -- (4) Flow Solenoid 1..3
intlk inpmtiles)

sE AND intlk_input(67)

734 -- (173) Interlock 3oft P3 Enable
735 AND intlk_inputi0);

736

737 -- [191) Prog Voltage 3olenoid Pol
out_191 prog_woltage_solencid_psl <=
(Mod: 5 Th:Ox14 Bit:3)

- Inter|OCk Contr0| System 741 -- (20) Tewmp Jolenoid 1..3 Water Out

739 -- (4) Flow Solenoid 1..3

740 intlk inpmtiles)

742 AND intlk_input(67)

743 -- (173) Interlock 3oft P3 Enable
744 AND intlk_inputi0);

745

746 -- [194) Prog Current 3olenoid Po2

 Automated Generation of

out_194 prog_curr_solenoid psz <=

743 -- (4) Flow Solenoid 1..3

749 intlk inpmtiles)

750 -- [20) Temp 3olencid 1..3 Water Out
751 AND intlk_input(67)

754

755 -- [195) Prog Voltage 3olenoid Po2
out_195_prog_woltage_solencid_psz <=
(Mod: 5 Th:Ox14 Bit:3)

757 -- (4) Flow Solenoid 1..3

758 intlk inpmtiles)

759 -- [20) Temp 3olencid 1..3 Water Out
760 AND intlk_input(67)

761 -- (173) Interlock 3oft P3 Enable
THZ AND intlk_inputi0);

763

A configurable Interlock System for RF-Stations at XFEL

-- [190) Prog Current Solenoid Pol [Mod:9 Th:0x24 Bit:d)

(Mod: 5 Th:0x14 Eit:3)

-- [20) Temp 3olencid 1..3 Water Out

(Mod:9 Th:0x24 Bit:5)

(Mod:9 Th:0x24 Bit:ia)

(Mod: 5 Th:0x14 Eit:3)

(Mod:9 Th:0x24 Bit:7)

(Mod:2 TA:0xS Bit:3)

(Mod:=0 Ta:0x0 Bit:0)

(Mod:2 TA:0xS Bit:3)

(Mod:=0 Ta:0x0 Bit:0)

(Mod:2 TA:0xS Bit:3)

(Mod:=0 Ta:0x0 Bit:0)

(Mod:2 TA:0xS Bit:3)

(Mod:=0 Ta:0x0 Bit:0)
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Interlock Signal-List

 Interlock managed by a signal-list (up to 300 Signals)
« Automation eases adapting to new setups

Basic Information
Interlock Zeuthen for MTF Date: 2008-08-22
Distrib.- |Intlk Crate . .
_ - R - Signal OK Signal OK . .
List #|Signal name :s:jr::less gmr:::z?conmpin Signal type Physical Condition Logical Condition Action (if errornous state)
- - - - - - -
1 |Flow Transformer Tank DL1AA S5:DIGHO:IN:0 mech, Contact (pot. free) Joontact cloged F = Fmin Modulator off, Bias PS off _|i
2 |Flow Klystron Collector DL1A/2 S5:DIGHO:In:1 mech, Contact (pot. free) Joontact closed F = Fmin Modulator off i
3 |Flow Klystron Body DI1A/3 S5:DIGHO:INn:2 mech. Cortact (pot. free) |oortact closed F = Fmin Modulator off i
Modulator off, Solenoid
A ” o A PS1 off, {
4 |Flow Solenocid 1..3 DIL1A/A S5:DIGHO:IN:3 mech. Cortact (pot. free) |contact closed F = Fmin Solenoid PS2 off, i
Solenoid PS3 off
5 |Flow Modulator DI1A/S S5:DIGHD:INn:4 mech, Contact (pot. free) Jocontact closed F = Fmin Modulator off i
& |Flow PreAmp DI1A/G S5:DIGHO:In:5 mech. Cortact (pot. free) |contact closed F = Fmin Preamp off i
71 |Flow Collector In (HH) DLAAT S5:DIGHD:In:6 mech. Contact (pot. free) |contact closed F = Fimin Modulator off |
8 | Flow Reserve | D514 S5:DIGHD:In:T mech, Contact fpot, free) | contact closed F = Frmin - i
9 |Flow Circulator 1 DLABA S5:DIGHO:IN:8 mech, Contact (pot. free) Jocontact cloged F = Fmin Preamp off i
10 |Flow Circulator 2 DLAE2 S5:DIGHO:IN:Y mech, Contact (pot. free) Jocontact cloged F = Fmin Preamp off i
11 |Flow Dummy Load 1 DI1EB/3 S5:DIGHO:In:10 mech, Contact (pot. free) Joontact cloged F = Fmin Preamp off i
12  |Flow Dummy Load 2 DI1EB/4 S5:DIGHO:In:11 mech, Contact (pot. free) Joontact closed F = Fmin Preamp off i
13 | Flow Resernve 2 D585 S5:DIGHD:In:12 rmech. Contact (pot. free) | contact closed F = Frmin - i
14 | Flaw Reserve 3 00 18% S5:DIGHD:IN:13 reech. Contact (pat. free) | contact closed F = Frin o i
15 | Flaw Reserve 4 DI A8 S5:DIGHD:In:14 reech. Contact (pat. free) | contact closed F = Frin o i
16 | Flaw Reserve 5 00188 S5:DIGHD:IN:15 reech. Contact (pat. free) | contact closed F = Frin o i
17 |Temp Transformer Tank Oil TL1AM S2:ANAIN:In:0 PT100 = analog (4. 20md ) |inside VYWindow T = Tmax Modulator off i
18 |Temp Transformer Tank Water Out TL1A2 S2:ANAIN:In: PT100 = analog (4. 20md ) |inside VYWindow T = Tmax Modulator off i
19 |Temp Khystron Tank Oil TLAA/3 S2:ANAIN:In:2 PT100 = analog (4. 20m&)|inside Window T = Tmax Modulator off i
Modulator off, Solenoid
20 |Temp Solenoid 1..3 Water Out TAaa  |s2:anamens PT100 = analog (4. 20ma)|inside Windaw T « Tmax i) clig i
Solenoid P52 off,
Solenoid PS3 off
21 |Temp Klystron Collector Water In TLABA S2:ANAIN:In:4 PT100 = analog (4. 20m&)|inside Window T = Tmax Maodulator off i
22  |Temp Klystron Collector Water Out TLAB2 S52:ANAIN:In:5 PT100 = analog (4. 20m&)|inside Window T = Tmax Modulator off i
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B wermourz Summary 3

* Reliable, robust Interlock-function
independent from software failure

« Supports many signals of different type
* In field software / firmware update

» Configurable and adaptable to new
applicatons

* Very flexible Interlock System for XFEL

PCaPAC 2008
Marek Penno, DESY A configurable Interlock System for RF-Stations at XFEL Page 20



/ﬁ’ HELMHOLTZ

GEMEINSCHAFT

Thank you for your attention!



