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Thermodynamic cycles

To create low temperatures a working agent, cryogen,
Is processed in order to absorb heat at low
temperature and reject it above ambient temperature

This process is called a thermodynamic cycle
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The T-s Diagram

The T-s diagram is and ideal tool to represent
thermodynamic cycles

Log T - s diagram of an ideal gas shows straight lines
for:
e Isenthalps (= Isotherms)
e Isochors
e Isobars

If in a Log T-s diagram the above mentioned lirs are
straight
e The gas shows ideal behavior in this area
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Log T-s Diagram for Helium
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Basic Cycles

compression compression
dl /—\ LogT o

P

"

'

D
Y
'
"
H .

Y polytropic
isenthalpic isenthalpic '.‘ expansion
f expansion [
expansion
—
isentropic
expansion
two-phase area
two-phase area
s s

Joule-Thomson cycle Claude cycle

(= Joule-Thomson & Brayton)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

The European
X-Ray Laser Project

XFEL

Cllaude-CycIe Refrigerators
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Joule-Thomson stage
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Joule-Thomson stage

Joule-Thomson inversion temperature

Fluid Maximum Joule-
Thompson
inversion temperature

[K]
Helium 43
Hydrogen 202
Neon 260
Air 603
Nitrogen 623
Oxygen 761

Helium: effect useful at T<15 K
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Compressors

Oil lubricated screw compressors
e QOil lubricated

e Advantage: volume flow / Oil cools the helium (T, ,~ 80 deg.
C)
e Disadvantage: Oil in helium

Oil has to be taken out before entering the cold part

In the compressor: 2-5% mass helium in oil
After oil removal: < 10 ppb mass oil in helium

Matthias Clausen, DESY
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Compressors

Oil lubricated screw compressors
e Compression process

VOIUI’nCTNC ComPr'essor' Courtesy of AERZENER Maschinenfabrik
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Aluminum-plate-fin HX

Specific HX surface: ~ 1000 m2 /m3
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Turbo Expanders

Courtesy of Linde Kryotechnik AG
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Cryogenic valves

Long stem to
decrease heat leak

Courtesy of WEKA AG
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 The HERA Cryogenic Plant
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Total exergetic T

28.1%
or
28.1% of Carnot
i.e.
250 W/ W@43K
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Example HERA refrigerator

Example HERA refrigerator

u
efficiency: ik =
a1 W\
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Published in Adv. Cryo. Eng. 31, 693 (1986)
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Published in Adv. Cryo. Eng. 31, 693 (1986)
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HERA Cryogenic Plant
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HERA Cryogenic Plant
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Screw Compressors
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Compressor Huts
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XFEL

11



The European
X-Ray Laser Project

Pressure Transducers
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HERA Magnets
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Super conducting Cavities for the Electron Ring
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Cryogenic Hall HERA Accelerator Ring
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Refrigeration at 4.3 K 6.775W Total helium massflow rate 871gls
Refrigeration at 40/ 80 K 20.000 W Max. energy consumption 2.845 kW
Current leads cooling (Liquifaction) 20.59/s Spec. energy consumption 281 W (300K) / W (4K)
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* Process Control Requirements
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Process Control Requirements

e Continuous Processes:
e Analog Control

e Digital Control

« Sequencial Processes:
e Sequencer

Matthias Clausen, DESY
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Hel]um Vessel

Control Loop Example

Helium
Level (L)
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Liquid Helum EXeErcise:

el Control the flow (F) with
the valve VF independant
of Helium level (L)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

Liquid

Helium
Supply
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Helium
Vessel

Setpoint

Helium
Level
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Cryogenic Control Loop Example
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Available input data:
-Flow (F)

Available control device:
-Valve (VF)

Control Algorithm:

-PID

-Control Value (F)

-Output Value (VF) (0-100%)
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Cryogenic Control Loop implemented in EPICS

C 4 —-20mA
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Control Loop — Block Structure - implemented in VDCT

|72 VesuaeT - [ s P00 ] o8|
SWwn it /0
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The corresponding Database

record(ai, eSem:PID-0_ai) {
field(PREC, "2")
Field(EGUF, "100)

3 record(pid, eSem:PID-0_pid) {

field(SCAN, "1 second™)
field(FLNK, "eSem:PID-0_ao™)
field(CVL, "eSem:PID-0_ai.VAL PP™)
field(PREC, "2")

Field(ATYP, "DESY type')

field(KP, "0.20")

Field(KI, "0.25")

field(EGUF, "100™)

Field(AM, "A™)

field(INSP, "75™)

record(@0, eSem:PID-0_ao) {
field(DOL, "eSem:PID-0_pid.OUT™)
field(OMSL, *“closed_loop™)
field(PREC, "2")
Field(EGUF, "100')
field(DRVH, ""100™)
Field(HOPR, "100')

3

Matthias Clausen, DESY
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Closing the loop
Using a calculation ecord
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Simulating a distortion
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Control Loop — closing the loop and distortion -
implemented in VDCT
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Special Records often make live easier

Feedback
Record
BPM (Feedback is often Power
Record Calculated on
Unix Server) Supply
Record

Matthias Clausen, DESY ’
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Control Loop Example

Vi ] 4.5K 4bar
Vit Magnet @:

Fﬁ Zphase 4 2K lbar

4.3K 4bar 4.2K 4bar
Level (L) can be controlled by:

Heater
JT Valve
Fill Valve

Matthias Clausen, DESY
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Sequence Programs

Supervisory Programs
* Checking the state of several componentes ...

(Valves, pressures, temperatures, flows ...)

... and performing programmed actions.
(activating valves, shutting down equipment ...)

Procedural Programs
« Cooldown procedure
« Warmup procedure
* Quench recovery procedure

Matthias Clausen, DESY
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States of a Supervisory Program (example)

XFEL

XFEL

Al2 Al4 Al5 A21
Alarm-Bedingung TSI und TS2 zu kalt oder zu P9 zu hoch P9 sehr hoch PS21.SEVR MAJOR
warm
Aufhebungs- TS1 oder TS2 ok (incl. P9+Hyst. ok | P9+Hysterese ok PS21-Sevr
Bedingung Hysterese) NO_ALARM
Aktion 1 n.v. nv. Blockierung A14 n.v.
Entry (disabled) aufheben
Aktion 2 Hss-Regler blockieren V57 6ffnen Al14 blockieren V57 V9 schlieen ...V17
Ubergang zu ALARM schliefien Offnen
HSS aus wenn HSS ein wenn
heil kalt
Aktion 3 Hss-Regler freigeben (Event- V57 Blockierung A14 n.v.
Ubergang zu Flag) schliefen aufheben
NO_ALARM
Aktion 4 Hss-Regler freigeben nv. n.v. n.v.
Ubergang zu

DISABLED

Matthias Clausen, DESY
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... corresponding State Notation
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State Notation Programs

SNL Programs are mainly running on the Frontend
Processor.

They can also be started on any workstation connected
to the controls network.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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« Special Cryogenic Measurements and Controls

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Special Cryogenic Measurements and Controls

* Current Leads Control

* Helium Level Control

» Heater Control

Low Temperature measurements

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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How to connect Sensors and Actuators to an
I-O System
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Sensor: Cable: Protection: I-O-System:
Contact f ; 3 ; +24VDC
/ : PTC 55R 1
1 Digital Input
I

Analog Input

ae 4..20 mA +
Source :

' ' £
Passive 4..20 mA PTC 55R
source — . L
* 1 e

+24VDC

Matthias Clausen, DESY
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How to connect Sensors and Actuators to an
I-O System
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Actuator: Cable: Protection: I-O-System:

Analog Input

XFEL

Passive relay
or digital valve
DC/AC

Digital
Output

contact

. 1
: : —
Active relay * Fuse

24V

contact

k Digital
|' Output

DC/AC ] ; ;

C 1
Analog valve ' '
4..20 mA | 3

Analog Output
4..20mA

Matthias Clausen, DESY
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mounted closed to 1-O-System
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Principle diagram for the cooling of a pair of current leads (
magnet coil current 550 A )
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(Max of U1, U2)=U Max of lead voltage
FS1=FS2=m Setpoint for He mass flow

m =d if U<5mV
m =a*Ul+b+c*AU/ALif U=5mV

m [mg s"]

U [mV]

AU/ At[mV s]

a [ugs' mV2]

b [mgs']

c [mgs!' mV-'s]
d [mgs']

Typical values for parameters a, b, ¢ and d

a= 30 [pgs' mV?]

b= 15 [mgs™]
¢=200[mgs' mV 's]
d= 5 [mgs']

Typical values in steady state (1 =550 A)

m =40 mgs’
UL, U2=27mV
TI, T2 =280 K

The European X F E L
X-Ray Laser Project
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Principle diagram for the control of a heater in liquid
helium (heating power 200 W)
Helium Vessel Power-Output
2.20ma | CAN-
SC-Leyel-Sensor Analog]
- Out
Level-Input Control-
4..20mA i’:;;t S;);;(I)l
I -In y
Temp.- Level-
Et}rlo‘:l‘ Intj'lo‘:"' Enable-Heatg)
—_/' L CAN-
= = Digital [
Temp.-Sensor - Out CAN-
PT100 Interface]
) 4,20 MA
Power supply with
output voltage
or current control
and voltage or current PT100-Input,! CAN-
limits SN m Temp. <
Note: This system is usually -In
built redundant
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Heater Control and - Protection

Heaters are soldered in a cryogenic vessel which is installed in a
vacuum insulated cryogenic tank.

Special precautions must be taken to protect the heater against
burnout:

* Check that there’s helium in the tank
* Check that the temperature is low enough
* Both conditions must be true to enable heater operations

In addition to the protection — additional precautions are
implemented:

* Redundant control loops
* Redundant heaters

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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PT1000 Measurement Principles

2-Wire-Technigue
PT1000

©
—
[

<

1

If you supply the current | and measure the voltage U you can calculate the resistance
of the PT1000 incl. 2 x the wire resistance.

If you have temperature changes influencing the wire you will have additional errors.
Have in mind that the PT1000 has about 3.90hm/°C. For low wire resistance ( <1 Ohm)
and +- 10 oC temperature changes of the wire you get errors in the range of 0.6 °C.
Note: if you use PT100 the errors are 10 times greater.

3-Wire-Technigue % 1

PT1000 ll Up lUm
WIS

If you supply the current | and measure the voltage Uw and Um you can calculate the voltage
Up by Up = Um-Uw. In this case you will have no influence of the wire resistance or change of this
If you take care that all 3 wires are identical (in one cable for equal temperature influence).

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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PT1000 Measurement Principles

4-Wire-Technique

4__UW If you supply the current | and measure the voltage
| U you can calculate the resistance of the PT1000 by
R = U/I. Because of the current less voltage
i Im=0 measurement (Im=0) you measure the voltage
“ which is present at the PT1000. In this type of

measurement the wire resistances and their
U temperature behavior have no influence on the
Im=0 accuracy of the measurement.

PT1000
R M| YP

—Uw

Typical installation:

solder pads twisted pairs ——GND
sensor glued P
to object ——__| s TRt ST
\.: N —
/>< B H
<l | u

Note: Take care that the current through the sensor and the hereby produced power does not
influence your measurement. Assure good coupling of the sensor to the media of which you
want to measure the temperature and use low currents ( 1 mA or less).

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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R-T Diagram of a PT1000 and a Cernox 1030
Temperatur Sensor

2000 700
1800 A
/ 600
1600
PT 1000 Sensor / Cernox 1030 Sensor
1400 500

/
/
. /

]
E

]
g

Resistance in Ohm
Resistance in Ohm

AN

400

/ 100

200 \
—/ Temperature in K elvin

300 100

Temgeralure in Kelvin
200 250

300

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Mogliches Blockschaltbild fur 2-Kanal-Version:

1Galvanische

Vergleichs- ! Trennung
widerstande ;

DAC
<0,1%,
< 10ppm\ Im
5 Ai3
~_
—— N\
—

Filter

ADC* K-
> UC &> p;s

Vee —/ — Vdd
Ref ¢
Supply i Hamburg, den 5.5.2006

Schutzbeschaltung nicht

dargestellt! Gadwinkel, Schoeneburg ]
MKS2

DESY, Hamburg
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Actual Trends in for I/O in Process Controls

Most of the sensors actuators are nowadays connected
directly to afield bus.

Currently we are testing ‘intelligent’ sensors/ actors
which are directly connected to Profibus DP

This will give us a chance to test these devices and the
additional possibilities e.g. to use condition
monitoring systems based on FTD/ DTM. These
systems give access to all individual properties (up
to 400) of these devices.

Condition monitoring is a mandatory step towards an
integrated maintenance database.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Low temperature measurement

A new temperature measurement hardware is in the
design phase.

As of today negotiations are taking place with a
company to build a modular temperature module
which can be connected to the company’s filed bus
controller. This way we will automatically participate
in state of the art field bus technologies.

The module will become part of the standard catalog of
the company.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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e A brief Introduction to EPICS

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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A brief Introduction to EPICS

What is EPICS?
Experimental Physics and Industrial Control System
* The Collaboration

« Basic Concept
e Input Output Controller (I0C)
e Network Protocol (Channel Access - CA)
e Applications

* Integration Concepts

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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EPICS Collaboration

@ EPICS Users -
~ ® Main Developers

< 2003: 150 EPICS user Licenses

> 2003: open source

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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EPICS Collaboration:
It's the people

Collaboration Meeting Archamps 2005
103 Participants
34 Institutes

4 Companies

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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EPICS — The Basic Concept

CA-Client CA-Clients
Applications connect to IOC*s
via broadcast or name server
CA (Channel Access) 10C Operation
- ip-based

Is independent from

communication protocol Network Connection

I0C Control Loops
-Control loops -Permanently running
-Sequence programs at sprecise scan time

1/0
-Local, or
-On a field bus

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Application Development

Integrating new 1/O devices Adding new databases
for supported devices

Programmer Process Engineer

o~

EPICS Get driver
from

EPICS site

Configure
Database

Prepare new

1oc Write text file
Load Image to load

directory

Load 10C with
-Operating System
-EPICS core

-Database

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Advantages of the ‘EPICS — Way’

XFEL

* Coderunning on the IOC is very stable
e EPICS core software developed by core team (specialists)

e Core is tested on all main operating systems before any new
release.

e Only specialists create new drivers
e Core and drivers are running in many installations worldwide

* Process engineers configure databases
e No code created

e |OC’s only differ by databases — the stable code remains the
same

e Database configuration tools can be used by remote consulting/
engineering companies to create EPICS databases.

(Database text files can be send via email to DESY)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Databases

Fiihrende Systeme

Integnert in Integnert n -~
GSD Dateien, Asset DB Asset DB N e @ng!-‘?ﬂ N
Sensorkennlinien ? * Beihaltet konkrete Teile ? © Wartungsdaten i
Kaufdatum, Preis, Lieferant, 'E)i{z(en};\lmI.Gebmuchsauwehung.
Lieferzeit aztypen
Yervalervon Eikans”_] —
o N Betnebszeiten,
N

Kryo Namen Wearnumgsintervalle

¢ Bezeichnet logisches Element 5 anglesen

+ Vergeben von Konstruktion \ :

A‘e DB Messgrenzen
+ Orduet einem konkreten CAN bzw. Einheiten, usw.

5
Profibus 1/O einen logischen IO -« Mlesen k:
- Namen zu ;
EpicsOra last e - . . . o F
O-Namen fiber Beinhaltet Eig des o & 2
DeviceDB auf angeschlossenen Geriits enugsdten ]
(wie muss in Epics das Signal sclreiben =
umgerechnet werden, Pactware -
7u einem Messwert zu ko (DT) Netzwerkkon-
fizuration
Epics-Records akmaliseren,
« EPICS -Record Name \hefm Speicheradressen firr neue Parameter
* Vergeben von Softwareentw. 10 Namen mnappen
+ Verwaltet von EpicsOra
ﬂhus Konfigurator \

+ Konfiguriert die Profibusgerte
+ Definiert im Master und Slave die

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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« EPICS for Cryogenic Controls

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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EPICS for Cryogenic Controls

EPICS fulfills all the requirements of cryogenic control

* Process control System
e Control Loops on IOC
e Sequencer on |IOC

* Process Control Applications
e Synoptic Display
e Archiver / Viewer
e Alarm-System / Alarm Display

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Control Implementation

Hardware

Function Heater-Control Turn Key Digital Logic PID Loops Sequencer
Turbine-Speed Subcomponent

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Performance

3000 — 4000 records on a 33 MHz CPU running @ 1 sec is fine

Several 10‘'s records running @ 0.01 sec on a 33 MHz CPU is the
limit (lots of task switching)

Today's PowerPC's provide 300MHz or more. Limitations will be

given by the 1/0 throughput not by CPU load or memory

consumption

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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« EPICS for Utility Controls

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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EPICS for Utility Controls

The utility controls group is using EPICS as a SCADA system
» Configuring EPICS databases

» Configuring display files

» Configuring alarm configuration files

» Configuring archive configuration files

The utility controls group can use EPICS ‘independent’ from the
cryogenic controls group, which is providing the ‘service’ to
prepare:

« EPICS applications

EPICS-IOC core software (including drivers)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Cryogenic and Utility Controls

Cryogenic Utility
—— A

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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» Actual Plans for the XFEL Cryogenic Control System

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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XFEL
Actual Plans for the XFEL Cryogenic Control System

* XFEL - Overview

» Tentative Time Schedule
* Problems ,to be the first'
« Basic Requirements

» Basic Designs

e Redundant IOC's

e Redundant I/0

e CSS - The Control System Studio

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Vs = e 5
\} Das europische Réntgenlaserprojekt XFEL =
= ‘ Planungsstand Oktober 2003 B

—_— +50

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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: DESY Gruppe MEA2 Vermessung
2342005 1:17500

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Energy for 0.1nm wavelength fmax. desion energy)

17.5 GeV (20 GeF)

# of installed accelerator modules

116

# of cavities 038
Acc. Gradient (104 active modules) at 20 GeV 236 MV/m
# of installed RF stations 29
Klystron peak power (26 active stations) 5.2 MW
Loaded quality factor Qe 4.6-10
BEF pulse length 1.4 ms
Beam pulse length 0 65ms
Bepetition rate 10H=
Max. average Beam power 00 kW
Unloaded cavity quality factar Qp 107

2K cryogenic load (including transfer line losses) 1L7EW

Max. # of bunches per pulse {at 20 Gel)

3,250 (3,000) ©

Min. bunch spacing

200 ns

Bunch charge 1nC

Bunch peak current SKA
Emittance (slice) at undulator 1.4 mm*mrad
Energy spread (shes) at undulator 1 MeV

R Brinkmann, DESY
ElFast workshop, May 940, 2006

Beam lines

SASE 2
tunable, planar
0.4 - 0.4 nm

1) The limitation to 3,000 bunches af 20 GeV beam enargy is related fo a maximum load of
300 kW an each of the beam dumps In the initially instalied two eleciron beam lines.

The European XFEL

¥-Ray Laser Project sawrsemssias

electrons
17.5 GeV

U1

SASE1

tunable, planar
0.1 nm

L Brinkmann, DESY
EIFast workshap, May %10, 2006

SASE 3

tunable, helical
0.4-1.6 nm

Possible extension by 5 more beam
lines/M0 experimental stations

Experiments

38



The European
¥-Ray Laser Project uxumFmEme

Accelerator layout and parameters

One injector initially installed

Connection to 2= stage
upgrade included in beam

T e —— distribution layout

Main Linac

= Collimaticn
o] T Beam Distribution
500 —
T 1500 5 —
e _Undulato ; —
2000 ~ 00
2500 3035.:- —~— __,_.»f:g -50
Length [m] Json 0

L. Brinkmann, DEZY
ElFast workshap, May 310, 2006

The European
X-Ray Laser Project

XFEL
XFEL Schedule

arenur

arne Dur | 2006 2007 2008 2009 2010 2011 2012
H1 [ H2 H1 [ Hz2 H1 [ Hz2 H1 [ HZ H1 [ HZ2 H1 | HZ2 H1 [ HZ
= AMTF 8304
AMTF hall completed 0
setup AMTF 18e
AMTF specifications 12¢
AMTF civil engineering 151
AMTF call for tenders 262
AMTF fahrication componer| 381
AMTF installatian 300
AMTF carmmissioning 10¢
Linac cryo components wHHE
=l Injector crye components 464

specs linac cryo componen| 230
call for tender & contrasting | 153

fabrication 38
= XFEL refrigerator _______ |====
Spec reffigerator 260
call for tender & contracting | 14¢
fabrication refrigerator 783
civil engineering refrig 132
installation refrigerator 260
commissioning refrigerator, 130

mile .l

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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AMTF - task list

-> performance test of all about 1000 cavities
-> test of 8-12 cavities/ week ( in bundles of 4)

-> performance test of all about 120 sc magnet packages

-> test of 1 package / week

-> performance test of all about 120 cryomodules (incl. RF tests)
-> test of 1 cryomodule/ week

One cryomodule will be tested in 12 days (+/- 2 d)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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XFEL Tunnel

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Cryogenic infrastructure

cold-

190 m main transfer line 2~ 6% box
(6 tubes, incl DN300) | e f% 2 | screws
%\ B3 -
.. Lise-Meitner- D,

200 m injector  Far 25T 0 %\ 2K box
transfer line (5 tubes) \ 2% d-box

! — ~

: .:;;:*’-\‘:\

(shaft lengths incl.) g So ety
| 0g AV 4
i)
LINAC /— g A

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Linac cryogenic supply scheme

©

HERA 2K BOX CC XFEL
REFRIGERATOR REFRIGERATOR

Refrigerator Package

DISTRIBUTION BOX

VALVE BOX

BCBTL BCBTL//CB

BOOSTER MAIN LINAC

INJECTORS 3.9 GHz

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Use of ,TESLA-Technology’

In general, concepts for the cryogenic supply, which were developed
for the TESLA linear collider, will be applied

Most of the concepts were validated at the TTF1/ VUV-FEL linacs

Each cryomodule consist of:

8 1.3 GHz 9-cell Nb cavities (2K)
1 magnet package (2K)

2 thermal shields (5-8K;40-80K)
8 main RF couplers

8 cold tuners

23.6 MV/m needed for
20 GeV operation

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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XFEL

The XFEL accelerator module 2 38" carbon steel vessel

is based on the 3@ cryomodule

generation tested at the TESLA 300 mm He gas return pipe

Test Facility and designed by — | - acting as support structure

INFN. 2 accelar: -
8 8 accelerating cavities

Already 10 cryomodules have
been built and commissioned
for the TTF Linac.

cavity to cavity spacing exactly
one RF wavelength

inter-module cavity to cavity

L . 1221w spacing a multiple of one RF
Total weight 78t wavelength
one beam |)()S\U()H monitor /
magnet unit

manually operated valves to
terminate the beam tube at
both ends

longitudinal cavity position
independent from the
contraction / elongation of the
HeGRP during cool-down /
warm-up procedure

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Accelerator Module (Cryomodule)

3 ! 2 Kreturn
70 K shield - =

magnet current 2.2 K forward

feedthrough

5K forward

80 K return
40 K forward

8 K return
4 K shield

RF main coupler 2K 2-phase

cavity

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

The European X F E L
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Linac cryogenic components

Bunch Compresso
Bypass Transferline

(only 1-phase helium)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Linac cryogenic ,string’

Cryogenic units of
12 cryomodules =

H ‘
,strings
String Connection Box String Connection Box
L.0K Forward Tube // A
String
o Connection
i Boxes
Pt 2K, 31 mbar gas return,300mn diameter GRT
warn yp/cool down lipe contain all
\LL’_\ @ Z‘phaSE‘SUDDW { [ CryOgeniC
“ “jﬂ instrumentation

‘ Module (8 9-cell cavities+quad) 12.2m !

12 modules

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Linac cryogenic circuits

XFEL pl i istri i
HERA plant plant Cryogenic distribution of

40K -> 80K circuit (serial)

[ 5K -> 8K circuit (serial)

2K circuit ( supply parallel, return serial)

warm gas collection pipe

40/80 K return, shield cooling 4 N N
40/80 K fOTWa’;d . . 40/80 K forward lead cooling
***** v

8 K return, shield cooling

8 K return, shield cooling

5 K forward | 5 K forward o
JTHEX
JTHEX 2.2 K forward ij - 2.2 K forward
2 Kreturn 2 K return (

L Injector 2 Injector 1 module string 9-10}:— - module string 2 F

(not shown)

module string 1

|«——————————cryogenic unit (9-10 strings), 1.7 ki

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Helium 2-phase flow

btk &b

Oom 60m 126m 270m 358 m 506 m 1542 m 1641 m

Beam 1000 m

direction —

Laser-straight

Gravity equipotential surface

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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XFEL Controls Demands

A user facility with high demands for 99.8% efficiency
e The control system may not fail
e Possible scenarios:

e Biggest problem: Find radiation hard electronics for the tunnel

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Fulfilling XFEL Control Demands

XFEL

Redundant Process Controllers will help to provide the required
MTBR. The following actions can be performed without
interrupting cryogenic operations:

* XFEL Cryogenic Plant: Main objective: Maintenance
(permanent operation for more than one year)

e Hardware maintenance
e Software maintenance
e Installing new system-/ application- Software

* XFEL Tunnel Installation: Main objective: Survive radiation damage
(MTBR > 1 month)

e ... same like cryogenic plant

e Seamless switch over of:

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Principle Layout of the XFEL Cryogenic Control System

Cryogenic Plant Control Backbone XFEL Tunnel (C)_Office Netw.
Router gﬁ'
Gateway
Ethernet :ﬁ

10C

R-Link (redundant)
6 X 10 X

Ethernet

PLC

Field Bus

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Redundancy: New developments

The implementation of the key redundancy tasks on an 10C has
been subcontracted to two companies:
* Redundancy Monitor Task
e Supervision of the tasks running on an I0C
e Switching IOC’s in case of serious problems on one I0C
+ Continuous Control Executive Task
e Synchronizing the continuous control processing on two IOC’s
e Permanent monitoring of all changes in record processing on an |OC

Core and main objective of any failover:

The resulting status of an IOC after a failover must be a more
stable state than the status before the failover.

e Diagnostic analysis programs must be activated to ensure this.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Redundancy Monitor Task (RMT)
Hardware Layout

Boot Server
Time Server
Archiver

CA Clients

Public Ethernet

Private Ethernet

Feldbus

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06



Process and Interface Design

A
XML DlagnoseiControl IF
Monitor XML Task

Redundancy Monitor Task (RMT)
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Manitor Configuration Task gy
Fily

by connects 1o
B o B et

TCPAP Cormmumication
to Partnes FMT

TCPAP Communication
b Partnee RMT

{77 Process msemal Thewad

l:l Process reaized by T-H

[ ] Process resiznd by Dusy

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

Redundancy:
Control Executive

Corfigura RMT Confign FMT

Saan St

3 Swep

Cortrel RMT Control AMT

tRAT Flrgeat RAIT
i -
Extemal RMT Functions -
P

Checks communicaton Redurdancy Monitor Task
v pusk et &

[ ManTread |\
Stats Machne |

| Waichiog
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LAN
v
’ Redundancy Monitor ‘
Process
Control SNL
Update Update
Process Process

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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New Operator Displays for the XFEL Cryogenic and
Utility Control Systems

Motivation for a new application suite

* The existing applications (mainly written in X-Window) run
(nearly) only on Unix machines.

* There are only a few programmers (left) that know how to
program X-Window/ Motif

* The new EPICS Version will provide new features that must be
supported also by the applications

* The existing applications are similar to the first set of Microsoft
applications.
They do not share a common look and feel.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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What is the Control System Studio (CSS)?

It is an environment / framework which enables you to create your control
system applications.

It shall offer acommon look and feel for all applications

It shall provide interfaces to:

e Control System Data
e Control System Name Services
e Control System Logging Services
e Application Logging Services
e Application Management Services
e ...more

It shall provide a generic infrastructure to built pluggable, component
based applications:

e High level applications (XAL)

e User/ operator applications

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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The selected Environment

Language:
e Java
Development environment (IDE):
e Eclipse
Proposed Rich Client Platform (RCP):
e Eclipse

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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CSS - Framework
in Eclipse (as a RCP)

G raph IC Histogram X Meter
Update

Widgets
Record
Playback % % %
I

$ Graphic Layer

e'clipse

Utility _
Interfaces Logging

By My Application

Manage

&

-gPI EPI '

Control System \C/g \C/i TANGO Name | |Logging | |Archive
Interfaces

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Collaboration/ Contracts with Companies

We do not have the necessary manpower and not the
necessary experience to develop such a framework
all on our own.

We are working together with competent partners:

Utility Interfaces and overall Design:

e C1 WPS GmbH, Hamburg B C1WPS
Control System Interfaces:

e Cosylab, Ljubljana (Slovenia) COSylabm

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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£ Java - Application. java - Eclipse SOK
Bhe Ede Soorce Refactor Mavigste Segych Projet Bun Window e
@ (-0 | BHG- | ™7 |48 |9 |H-FH -~ B | g "
1 Pacage Cx... [1 p— =n
5.applicationa; A Wl e
T e deyeos. shartug. apples
3 bakder i g 1 e slices
=1 B, apphestion 1.3 (ASCH Mo
3 comet public rlass kpplicacion @ o rUR{Obect)
& 2 common implements IPlatfornfunnable m  checPassword{Shell)
3 aa
=T !
L3 d3_orig_or . \
= e public Cbject runitbiect args) threws Exception
£ dery ¢
D oy Display display = Placformll.createdisplay(l;
3 ety
3 hastat try (
2 hars Shell shell = new Shell (display, SUT.ON TOP);
(3 caety -
uuuuuuu
3 M
by
% (23 ansbrae
% 3 fritos
B ]
=T
= megteny ™
ot < »
u ) e
* 1D rewFeodbon (20 Problems 1 Jawvadec | Declaration  Console
& O vbown 0 errons, 46 mernwe, 0 o
3 1o_ma = —
13 foe_common = ! -
& & The typs & d €
& ve i1 The type [PLugr T C
% 3 nen # The canstructor Pugi wdeprscated  C
5 Jevador o c
Yok

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Eclipse IDE - (the original)

£ lava - Application. java - Eclipse SDK
FEle £t Source Refactor Mnigabe Search Prosect fun Window
>

public class Appl
Ay L eme

= i €E Eun(Cb)ect args) Uhrows Exception

bisplay display = Placformll.createlisplay(l:

try |
Shell shell = new Shell(display, SUT.ON TOF) :

g} buskd peoperties 111 (4SCT]
A conbig.ini 1.1 (ASCT e}

o ess.procuet 1. (ASCIT k.

4 plugnom 1.3 (ASCET ey,
83 el e 1.1 {Binary)

W 1 de ey o [opac dewr ok

»

}
} finally |

Fl

¥ 13 deprojectiter :
v 13 DESV Feature B e o o
¥ 15 depupdate
= rh' ' 0 earoes, 46 warmings, 0 nfos

¥ 12 EpProfioriin
13 b [hryhanre oy o] || | DSETERER Bisonrc In Fekder [Loea =
% 153 smeinCpeogran [epicsc.desy| @ The type (PhaoegTnn i deprecated 2 o s [

1. The type PffDnscrotor bs depecated s e |

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Eclipse to CSS evolution from Eclipse ...

Eclipse
Core

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Eclipse to CSS evolution to CSS ...

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

o ess.product 1.3 [ASCII -4
phagnoam 1.3 (ASCET e,

Eclipse
Core

un{Cbect args] Lhrows Exception
bisplay display = Placformll.createlisplay(l:

try |
Shell shell = new Shell(display, SUT.ON TOF) :

try
if | leheckPassve
Plat form. amd!
return EXIT .
}
} finally |

The European
X-Ray Laser Project
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XFEL

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Control System Studio (CSS) Layout

£ lava - Application. java - Eclipse SDK
FEle £t Source Refactor Mnigabe Search Prosect fun Window

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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CSS - selecting Object Aspects with MB3

£ lava - Application. java - Eclipse SDK

Ble Edt Sorce Mefactee Mmagste Segrch prowct Bun Window b
@ $-0-Q- 1| 8 aen
i pachagee.. 10" T 0 BE Cutins 11
w e
Synoptic Display
Alarm Display
— Archive Display
Strip Tool
Configuration Tool
Probe
= = i Ty
[FsMe I MO 4+ " r
L
(5. Probiees 17 Awendor Dacliration Conmole
0 exors, 46 warmings, 0 infos

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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CSS - selecting Object Aspects with MB3

& Java - Application. java - Eclipse SDK.
e Edt Source Refactor Meigste

BT | &' 2wn

R e

Archive Display
Strip Tool

Configuration Tool
Probe

Smart bwert | 0:1

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

The European
X-Ray Laser Project

XFEL
CSS Status

CSS Frame Application is implemented (V0.1)
Implemented Interfaces:

* Logging

* Help

Specified Interfaces:

« Data Interface

* MB3 Extension point

* Authentication

» Authorization

Interfaces ‘in the works’

+ Management (update services)

* Drag and Drop Data Type (for 1D, 2D, 3D data)

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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CSS —in the short pipe

LOG STARTUP |-

<< exter;lsmns >> << contribution >> <<luse >>

I,

<< use >>

CORE.UI -

. Thess —
<< extensions >> ey <<(contribution >>

MANAGEMENT

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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* Outlook

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06

17



The European
X-Ray Laser Project

XFEL
Outlook

The new developments for the XFEL Cryogenic Control
System are on the way.

No show stoppers occurred so far.

* Redundancy developments will be finished by the
middle of this year (2006)
e Intensive test will follow.

e The expected test period is about one year until ‘production’ code
can be released.

e Production code will be tested at the existing CMTB (Cryo Modul
Test Bench) and will be available for the AMTF (Accelerator

Module Test Facility) prior to XFEL operation.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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XFEL
Outlook - Il

+ CSS developments will be carried on with the
industrial partners and with several contributions
from the EPICS community.

e Partners for individual developments have confirmed their
interest/ are already working on CSS:

e The CSS core will be available this summer

e Developers can start building their applications on top of the CSS
framework

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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« Summary

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Summary

Cryogenic Controls are — besides Utility Controls —the first
controls applications that must be in place far before the
machine control system gets installed.

The Utility Control Systems for the XFEL ( Cryogenics, Power,
Water, Air, Air-Conditioning...) have decided to use EPICS for
their controls purposes. The successful collaboration between
the two groups will be continued for the XFEL.

Basic designs for the XFEL Utility Control Systems have been
started in time to provide all the necessary services for XFEL
operations.

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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Interested partners are always welcome
to join the team!

http://css.desy.de
http://elogbook.desy.de:8081
http://epics.aps.anl.gov/epics/
http://epics.desy.de

CVS repository:
kryksunc.desy.de
/afs/desy.de/group/m/mks/cvs

Matthias Clausen, DESY
XFEL Cryogenic Control, 23-May-06
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