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@ Presentation overview

= |ntroduction

= CO, cooling systems control principle
= Control system standardization approach

= CO, cooling test stands at CERN

v' 2kW CORA —ATLAS and CMS (PH-DT-PO)
v' 100W TRACI —ATLAS & LHCb (PH-DT-PO)
v’ 2kW CO, SR1 — ATLAS (EN-CV-DC & PH-DT-PO)

=  What’s next?
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Introduction

Why CO,?

= Allows very small tubing (material budget)

= High heat transfer coefficient
= High thermal stability due to the high pressure
Where currently successfully used?

= AMS-TTCS (Tracker Thermal Control System)
Q=150W
T=+15°Cto-20°C
= LHCb-VTCS (Velo Thermal Control System)
Q = 1500 W (2 parallel systems of 750 W)
T=+8°Cto-30°C
CO, cooling systems under development

= ATLAS IBL C
= CMS - tracker upgrade O ~A)
= KEKb-Bell 2 'S
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Principle
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Introduction to control CO, cooling system
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@ Control system standardization approach

= Why do we need standardization?

>

To design and fully test complete base model of future detector cooling systems
(mechanical/electrical/control)
Provide a control system in accordance with CERN standards

Provide a system easy to integrate with Detector Control System

= How do we apply it?

>

Common and easy to manipulate human machine interface for PLC based systems with long
term data archiving, trending tools, alarms history and diagnostic tools. PVSS as supervision
and data acquisition system well known and widely used at CERN in LHC and in Detector
Control Systems (ATLAS)

Industrial control/electrical components: Siemens/Schneider/Phoenix/PR electronics
UNified Industrial COntrol System framework — object orientated framework for PLC and

PVSS programming
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Standardization approach

Industrial electrical components
Control hardware equipment
Electrical diagnostic tools
Siemens PLC standard

TE-CRG-CE

UNICOS framework
IEC61512-1 standard

Schneider PLC standard EN-CV-D
| PVSS

New software components:

* on-line pressure enthalpy diagram
* one button PVSS system start/stop
Alarm diagnostic

==
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@ CORA 2kW — control system architecture

CO, Research Apparatus - CORA coning e o g ot S
. Siemens S7 319 PLC (building 158)
. PVSS 3.8 data server on Windows PC (building 21)

. UNICOS framework (32Al, 4A0, 32DI, 32DO0O, 7 closed control loops)

. Experiment power redistribution box with temperature protection

Test structure

g
L/

|

— 3

U

AAARANARAAL

@ protection
J

il

ol

B158

Detector Seminary 11 October 2011 L.Zwalinski — PH/DT/PO



CORA 2kW — control system

% unicosHMI_1: unicosHMI
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@\ CORA 2kW — control system

Alarm diagnostic
- Alarm list
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@\ CORA 2kW — control system

PLCgraph
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CORA 2kW — accumulator control

To avoid of overheating
(dry out prevention)

Dynamically calculated f(Ry,)

0+100%
Analog Digital Object
OutHigh limit High limit
— |W PC1104 EH1104 PWM
PID OUutO |y > —» 0:100%
— |sp
Out Low limit Low limit
0% IFOutl + Out2 >0
PT1103 ——— “>|Then —
EH1104 Active
~»| Else —
Acc. T, —| Psat(Tsp) CV1105 Active
0%
Analog Digital Object
OutHigh limit High limit
—1 » MV
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PlD OutO [ > =» 0+100%
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Dynamically calculated f(sub-cool)
0+-100 %

To keep sub cooling
condition

subcolling = Teatllod - TTillo
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@\ CORA 2kW - pressure, enthalpy online diagram
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PVSS control extension:

- Real time calculation

- Connection to external data base
REFPROP 8

- 11 constantly plotted isotherms

- Possibility of displaying isotherms in
measured points

- Proposed as future JCOP component

Point 1 - Outlet of experiment lines

Point 2 - Outlet of return line of internal
heat exchanger

Point 3 - Pump inlet

Point 4 - Pump outlet

Point 5 - Outlet of supply line of
internal heat exchanger

This control extension currently is
available on Windows machine only!
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@ 100W TRACI - concept

Transportable Refrigeration Apparatus for CO, Investigation % @
Simplified concept of 2 Phase Accumulator Controlled Loop

I-2PACL

Accumulator
Controller
#1  (Heatonly)

Chiller

Chiller
Number

To simplify the concept the internal heat exchanger function and the TT (PT100) 4
accumulator cooling function are integrated by cooling the accumulator TT(TC typeK) 3
with the pump outlet flow. The concept is called Integrated 2PACL AT -
(I-2PACL). " :

EH 3
The simplified concept was patented on Friday September 9t 2011. T — 1

VL 1

Pump 1
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@\ 100W TRACI - control system

Requirements:

Solution:

Detector Seminary

Simplified control concept= NO PLC!

On-shelf industrial control/electrical components == = - e
Al logic realized by relays, universal transmitters and 1 PID controller
Integrated National Instruments DAQ

LabVIEW user interface, open to add experimental part

No need to have PC/PVSS to run the plant
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e

100W TRACI — first results and future improveme

Goal: 100W @ -40°C to +20°C
* -40°C not met
— More heatleak than expected

]

» 1.5x larger chiller possible in same mechanical 3
envelope p
S
I
TRACI operation test
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0 1 \ /—"—/:—
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150W heat load 150W heat load
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Future control improvements:
Reduce electronics to micro-controller
Skip some functionalities in control

Replace pump to be fixed speed
(no frequency control)

More powerful chiller
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@ CO, SR1 concept — collaboration with EN-CV- Dﬁ@ &5

|

Differencesto CORA

/

primary chiller
PLC brand

"

accumulator design

dummy load design

N

J
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@\ CO, SR1 - control system

Modifications based on CORA experience

Schneider PLC (EN-CV—D hw. standard) Main user SCADA panel
PROFIBUS flow meters . o —

CERN Terminal Server

Architecture

1. CO2
2. Mélangues
3. Thermosiphon 2kwW

CERN TN

(Pvss

! T i T UNICOS based PLC software
ol 3 ’ 2 3 [k UNICOS based PVSS implementation

ggy  RER

CcOo2 Melangues Thermosiphon 2kwW

One central PVSS data server in BE-CO for all “test” applications
Access to all applications form one terminal server

PVSS accesses control with personal NICE login and password
All applications in Technical Network
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CO, SR1 PVSS interface

Modifications

Recipes

Operation with recipes

Electrical diagnostic

system,
[csm Name: |C5M_SR1_AccuRecipelnital
j—— Type CSM_SR1_AccuRecipe
SR Status:
Description:
recipes:
CSM_SR1_Alarm_STRecinelnitial Creator: moritor Creation time: 13.08.200812:34
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CSM_SR1_SetPRecipehnitial Last activator: | lzwalins Last activation fme: | 24.08.11 15:20
CSM_SR1_SetPRecipeOperation
CSM_SR1_Alarm_aALRecipeintial n Parameter faor PC1104 output high lim dymanic =0 micady |[0,1000]
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calculation
5 |Parameter for PETTO4 outout high imit dymanic o) = Lo, ™| o
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n Parameter for PC1104 output high limit dyrmanic: 100 % [0100]
calculation
5 Parameter for PC1104 output low limit dymanic 5 " (0;500]
calculation
6 Parameter for PC1104 output low limit dymanic 3 K (o:500]
calculation
7 Parameter for PC1104 output low limit dymanic 45 % [-100,100]
calculation
A Parameter for PC1104 outiput 1w limit dymanic o % (-100,100]
calculation
Activate Edit | Dupicate | peiste |
Create a new recipe
Operate with initial recipes Groxfveesa
Operate with last used recipes
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Eumergency Stop Butten B
= [SSEps——
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Functional analysis and control

Modifications

based on CORA experience

Functional analysis:
T » process

High limit = actuator operation |OgIC
Dynamicallg/ c.alculat(oed f(Ren) —» EH1104 |[» pwM - SyStem states and transitions
62.5% + 100 % 0-100% - I
¢ 5 Low limit a ar ms
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MV IF 0%<0UT<49.5% .
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Aecp PC11040uw0 |» Cooling action
cc.Psat Else IF
Acc.TSP P.at(Tsp) SP 50.5%<0UT<100% |~
- Out Low limit EH1104 ACTIVE https://espace.cern.ch/CO2-
T Analog Digital Object SR1/Shared%20Docum ents/Control/CO2_SR1 Functional_Analysis.doc
High limit
0% Step 1&2 Operation
OR —> Cv1104 > 4-20mA g e . SsTOP RUN.
Dynamically calculated f(sub-cool) 0+100% R, Safety Cool down Cool down
in STEP 3 Low limit UN"‘OS & position{o) |  Start-up(1) loop(2) accumulator(3)
0+ 45% s .
For Continuous Process Control (CPC) S— _ S _
ATLAS-SR1 i Eiss CLOSE
Object pOStitiOI'l A coouucco :nnou cvizos cross . or
reques o
100% . o
- By-pass
— e
Cooling Heating
CVv1201 EH1301 [
EH1102 oFF Reg on TT1102
No action Damper Def SP=50C
49.5%-50.5% crpiror o o
0% i HEEI q > ciisor oFF o on on
0% 45% 50%  62.5% 100%  Controller L T = P P
output order FFoon o on on ou
Srrioion o o o o
;j;?:fc"w oFF on on on
EH power ON on on on o
Lcstanday o o R T
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https://espace.cern.ch/CO2-SR1/Shared Documents/Control/CO2_SR1_Functional_Analysis.doc
https://espace.cern.ch/CO2-SR1/Shared Documents/Control/CO2_SR1_Functional_Analysis.doc
https://espace.cern.ch/CO2-SR1/Shared Documents/Control/CO2_SR1_Functional_Analysis.doc

@ What’s next?

MARCO: Multipurpose Apparatus for Research on CO,

« 2PACL concept

» Temperature range from -40C to room temperature

» Capacity 1kwW

 Base for future ATLAS IBL and KEKb-Bell 2 detectors

Control system approach:

- Control system to be easily integrated in DCS
- Siemens PLC

- UNICOS framework

- Integrated control panel (to be introduced, currently not supported solution)

- Use recipe component
- Select tested in previous CO2 cooling units electrical and control components

Status:

- PLC components delivered
- Electrical study in progress (electrical schematics)
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@ Conclusions

Existing test CO, cooling stations at CERN:
v' CORA operational
v TRACI 1a(LHCb) and TRACI 1b(ATLAS) operational
v' CO, SR1 under
v" MARCO under construction

CO, cooling systems in HEP experiments:
v AMS
v LHCD
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60.0

gm = Qexperimet / (h5 - h4)
Qheater = (hrequested - h3) * gm
It is not possible directly control the enthalpy in a PID loop.

50.0

40.0

30.0

Pressure (bar)

The enthalpy can be derived from measured pressure and temperature only
when the state point is present in the liquid phase which means that measured
temperature should be at least 2°C lower than calculated T .

=
?_s_a_;n}llli‘l-:_.n_lpii:g]_l_lll

PLC is calculating enthalpy from measured temperature TT1104 and pressure

G'D%D. ' ’ . ' 300. '
PT1102 and it’s ON only if TT1104 -2°C < T, (PT1102)is true. Enthalpy (ki/ka)
PT to H conversion
300
250 :ig
-40
-35
— 30
3 200 :zz
2 —-15
2 — 10
E -5
M easured pressure => look for p_up & p_down in table and associated A,B,C,D up&down constants 10
15
20
h_up =A_up*(input_TT**3) +B_up*(input_TT**2) +C_up*input_TT +D_up; 100 =25
h_down := A_down*(input_TT**3) + B_down*(input_TT**2) + C_down*input_TT+ D_down;
50
/[Enthalpy search, interpolation ° 10 * * P,ess:i tban) * * " %

Output:= ((h_up-h_down)*(input_PT-input_PT_down)/(input_PT_up-input_PT_down))+h_down;
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CORA 2kW — experiment inlet enthalpy control

CO, allows small tubing

Why?

Large latent heat « Low viscosity « High pressure

Allow low flow Low pressure drop Allow high
pressure drop
Low pressure drop Lower pressure drop
Latent Heat of Evaporation ot Liquid Viscosity AI |OW Very
300 ) -
5 -Nz St CaFe gl small tubing
3 20 ] g.gT & Sed-
< CsFsg - e ze-4-\(‘oz\ But with very high heat
] le-41 transfer capability!
2840 20 0 20 40 20 0 20
Temperature (°C) Temperature (°C)
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