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/ABSTRACT A

CO, cooling has become interesting technology for current and future tracking particle detectors. A key advantage of using CO, as
refrigerant is the high heat transfer capabilities allowing a significant material budget saving, which is a critical element in state of
the art detector technologies. Several CO, cooling stations, with cooling power ranging from 100W to several kW, have been
developed at CERN to support detector testing for future LHC detector upgrades. Currently, two CO, cooling plants for the ATLAS
Qixel Insertable B-Layer and the Phase | Upgrade CMS Pixel detector are under construction. /

/Controls Architecture \

e Each cooling unit is equipped in about 330 1/0s
e ETHERNET IP field network connects independent system elements equipped
with WAGO and FESTO ETHERNET IP couplers
e Schneider Premium PLC runs about 16 control loops and 360 alarms and
interlocks
The user interface is based on a SCADA build on Siemens WinCC OA.
The control software conforms to the UNICOS CPC6 (Unified Industrial Control System

Qntinuous Process Control) framework of CERN. /

2-Phase Accumulator |:> Pumped liquid system,
Controlled Loop cooled externally

Compressor I Accumulator o . . Detector Control System
by s IBL A UNICOS object list = S
:; e ' Central OWS OWS OWS
% AnaDO 5 Control Room .7 .;iq .;iq .;iq
A B o Analog 13 Critical data : .i_—?] I I I
tunnel f ;§> = B CERN GPN
Chiller 1, Liquid circulation > - C D AnangAIarm 43 s[]gfo ,;%r: W of > Terminal server
S > > Cold transfer line | AnalogDigital 1 ]_I
. D ete Cto I Analoglnput 90 CERN Technical Network L
Cooling plant AnalogInputReal 51 , % IBL CO2
100 200 Enthalpy (kJ/kg) 400 500 Loca .
AnalogOutput 16 M%;E/‘Ilés IBL plant B i Vacuum i”‘l i‘ﬂf
1 i |
/ oge \ : AnalogOutputReal 10 Premium CPU M340M CPU
Operability — PCO structure CO, cooling systems developed at CERN AN |
Th . . . . Experiment Project name PLC/DAQ Brand Project status Cooling power g = =l | .l
e process logic is supervised by the hierarchy AnalogStatus 10 Local Touch WAGO 1/os| PSP, el
where the master is the CO, system Process Control SR1 Siemens Completed 2kw c | i “@%, Screen g, |Llg,  sreen 7?;]
Object (PCO). Below, there is one PCO per subsystem. ATLAS oL schmeider | Under development | 2633w ?thro cr 8 il ‘ FESTO S Sl P ¥ A
The system PCO handles several operational option DigitalAlarm 319 ‘ ‘,ﬁ;. P ~ e ‘.:2
.. neumatic neumatic = - :
modes with an associated allowance table. This table TIF Schneider Completed 8kw Digitallnput 149 - L lines | Jines 5?:—%&
] . . cMS o - : ;‘.T.: i.,-:‘;‘i;.% .
\defmes permltted Optlon mode changes when the Pixel phase 1 Schneider Under development 15kwW DlgltaIOUtpUt 68 3 g \ l‘@ © 5
system is running / DigitalP t 20
General purpose . gitalFarameter
. ATLAS & CMS CORA Siemens Completed 2kw el 50
1 _=[F veenmsmtart e ped 7] = ¥4 "
= IIF_ ] =] =] i s ATLAS & Belle MARCO Siemens Completed 1kwW
i IIF"EI.I:Sc_IiMMWNS'ﬂ'IF.EW ICCH_“F_E'HCH‘FI&_M ICﬁmﬂrﬂsﬂdNrFE‘lﬁH{ﬂ'ﬂmlH 5 Unacl O n Off 3 2 a fEty
fLcppciomdedby | TRACI Siemens Completed L00W ProcessCantrolQbject 4 Mechanical protections: all valve’s safe state position protects against
AIDA project NI LabVIEW DAQ WordStatus 12 ; . q - .
trapped liquid in closed volumes; safety valves protects against
overpressure created by evaporation of the trapped liquid.
Control protections: Each cooling unit is usually equipped with several
direct heaters in the range of few kW, closed in small volume and
thoroughly covered with thermal insulation. In order to avoid over
heating due to insufficient cooling a three level safety interlock
philosophy has been introduced:
1. The first interlock (software), stops single heater when first level
temperature threshold is exceeded. The temperature is measured at
the heater surface with a thermocouple type K.
2. The second interlock (software), stops all system heaters when
gt second level temperature threshold is exceeded (measured on the
same sensor as first interlock).
3. The third interlock (hardware), thermal protection switch, which cuts
power to all system heaters when sensor contact opens.
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e, Coclinespiral | To monitor performance and to facilitate commissioning of the cooling plant
a dedicated WinCC OA Control Extension tool has been developed. It is an on-
line Pressure — Enthalpy Diagram (p-H) operational for Windows and Linux

/User interface h

The CO, cooling control system user interface is composed of several synoptic panels, with navigation in between, allowing
for controlling and monitoring of all instrumentation. The main panel represents the simplified mechanical Process and
Instrumentation Diagram, with a graphical representation of the real system components. The other panels bring more
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= e e TP,  Conclusions
E FE ppppppppp E CO, evaporative cooling is becoming the technical choice for many particle detectors, thanks to its excellent thermodynamic performances
s i | ™ and the lightweight structures it can fit into. In this framework, a new standard for the control system of the CO, cooling plants has been
|': — i E developed and put in place at CERN. Standardized approach for user interface, communication protocol, software development
. _l' —— = framework and hardware, simplifies the operation and maintenance activities both for the experts and the basic operators. Also, using the

ooooooo knewest solutions available for control system applications makes the CO, cooling control system state of the art in detector technologies. /
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