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LHC has been operational since 2008, no major improvement has been done for 9 years
on ATLAS and CMS HVAC plants:
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Decision to upgrade the ATLAS and CMS HVAC Plants control systems during LHC Long
Shutdown 2 (LS2) in 2019 in order to:

* Solve obsolescence problem: current SCADA (Wizcon) is not supported anymore;
PLCs are at end-of-life

 Migrate the control to the CERN UNICOS framework

* Take into account the experience gained during the LHC operation and improve the
control & availability when necessary (e.g. lot of manual actions are currently
necessary)




Constraimts

CMS Ventilation plant is running 24h/7d
" Critical during LHC run:
= Maintain stable under-pressure for safe operation
= Critical immediately after run : purge before interventions
= Critical during interventions (technical stops) : air flow
= Limited intervention time (<3 months)
= Q: how best to ensure smooth upgrade ?
= Virtual Commissioning
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= Offline, no impact on installation

= Dynamic simulation model to validate new:
= control strategies
= switching between operation modes

= Operator training
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Frocess & fé«//bm//(f

wm{ys/&’

EDMS & EN/CV CV doc
inventory /\ x/\

\ 4
RELIABLE INPUT =5
P&IDs, Equipment datasheets, DATA “As Built” Sub-Contractor doc.: A.F,
HVAC Maintenance reports, GA I/0O Lists, PLC programs, Alarms Lists,
Drawings, Duct routing, ... HVAC Commissioning reports

)

]

_'h“'::‘.ll @ Beams Department 7



# VAC //Z/‘a/y ﬂew/a/me/(b‘

Frocess & fé«//bm//(f HIAC /75/‘«/7
analysis development

/Déys‘/aa/ Model ga/%/y

= EcosimPro™ = CERN-developed library of HYAC components
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Frocess & fé«//bmf/(f HIAC /75/‘«/7
analysis development
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Fan_characteristics | Motor_characteristics Initial_conditions

Mame Type Value Units Fan operating
PARAMETERS point
Belt BOOLEAM TRUE -
Heat_Trans_Factor REAL 20 i
Speed_Ref REAL 1500 rpm
Time_Constant REAL 20 no_unit
Use_Fan_Eff Cor_Factor BOOLEAM TRUE -
Heat_Fan_Factor REAL 10 %
DATA
Charact_curve TABLE1D 157 424371 [I]
Fan_Eff_Curve TABLE1D 1,70,60,401} [I]
Fan_Cor_Factor_Curve  TABLE1D 3.100,100%} [I] Fan model
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Fan_characteristics | Motor_characteristics Initial_conditions Airflow power
. . AP xQ
an operating an sha otor sha otor loa otor
Mame Type Value Units F t E haft Mot haft | | Motor load | | Mot
PARAMETERS point power power factor efficiency
Belt BOOLEAM  TRUE - Fan efficiency
Heat_Trans_Factor REAL 20 % (linearization) = = = = = = =|= = = = — — — — — ———— — = I
Sp Fan_characteristics Mator_characteristics Initial_conditions ) Fan losses Transmission losses I
Til MName Type Value Units L@ === = = = = === [
PARAMETERS 1 | L
Motor_Rating REAL 75 kW ‘ % | I
DATA | o e = o o + o»@oo _— 1 Motor losses |
CH| Motor_Eff_curve TABLEID 943,940} [ ) o [ ——— -
/ - - = (<} (<}
Fan_Eff_Curve TABLEID  1,70,60,401 ] o o ——  Motor electrical consumption
Fan_Cor_Factor_Curve  TABLE1D 3,100,100} [ Fan model Ideal fan Electrical heater
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HIAC //Zmz/y Validation
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Typical component basic check

= “blind tests” - components internal equations not supposed to be known.

= Basic thermodynamic evolutions can be easily followed with a Psychrometric_

diagram
= Example: heater
= Dry temperature X
= Specific enthalpy
= Relative humidity
= Absolute humidity —

= Same principle for other components

+——+ 0,03
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= CERN Computing Centre (Building 513) — R401 UPS Physics
= Simple ventilation system
= Similar components
= Data available to validate model
= Control studies




Siplee HIAC Pt Mol : Midollng
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Siplee HIAC Pt Mol : Midollng

One recirculation duct with:
- temperature sensor
- RH sensor

AR
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R-401 {UPS PHYSIC)

LEBTR UBTR
FO3 FO4

Blown air measurements:
- temperature

- RH sensor

- Air speed

One fresh air inlet with :
- temperature sensor UPS room:
- RH sensor - .

- One air inlet

- One air outlet

- Two (2) room temperature sensors




Siplee HIAC Pt Mol : Midollng

One recirculation duct with:

- temperature sensor
- RH sensor

AR

Blown air measurements:

- temperature
- RH sensor
- Air speed

One fresh air inlet with :
- temperature sensor
- RH sensor
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UVUM | UQCLLF:, UFFM | UQCEW:, UEGZ | UQCEL UQCYL UvUM

ACW2-548

Shut-off damper

Filter

Cooling coil with its 2-way valve

MO1 MO2 MOz MO4 MOS MOG MO7 Moz

Shut-off dampe

Centrifugal fan

R-401 {UPS PHYSIC)
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UPS room:

- One air inlet

- One air outlet

- Two (2) room temperature sensors




Siplee HIAC Pt Mol : Midollng
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Siplee HIAC Pt Mol : Midollng
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Simple HVAC Plant Model : Sinalation Resubls (7)

Adrflow

Fresh air
Recirculation air
****************************************** Total airflow S

Time (days)

5-days simulation: dampers authority settings

Fresh air damper position

Simulation
Measurements | |

0 1 2 3 4 5
Time/{days)
5-days simulation: comparisorfbetween simulation and measurements

As control loops are activated, this discrepancy is not necessarily
due to the dampers settings, e.g. room heat load variation.
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Simple HVAC Plant Model : Sinalation Resubls (2)

UPS Room absolute pressure (Pa, outdoor at 1013 hPa)

x 107

Current control (simulation) |
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Simple HVAC Plant Model : Sinalation Resubls (2)

UPS Room absolute pressure (Pa, outdoor at 1013 hPa)
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Simple HVAC Plant Model : Sinalation Resubls (2)

UPS Room absolute pressure (Pa, outdoor at 1013 hPa)

T
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Measurements

valve position(%)

Current control (simulation) |

UPS Cooling

UPS Blown air relative humidity (%)

Valve characteristics and cooling coil characteristics found by trial and error

Heat load / water evaporation modified “by hand”
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Frocess & f%«//bm/(&‘ HIAC %/4«/7 — AC //Z/‘a/y Mz//é{zzf//(/_$
analysis e

A éy&’/ba/ Mode? 5«/%///;?
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FARSUPEC:

the cavern
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CMS Cavern
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FGMEXTEC: Gas
mixture extraction /
underpressure
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f/”f f/;/ﬁe/‘/)f(e/(ta/ Cavern / %X 55 / Ventitation %@f&/ﬁ( + LoosinFro /%aé/

UXC55 EcosimPro model:
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LeosinBro Model f(%a{y Wnits

UXC55 EcosimPro model:
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UXC55 EcosimPro model:
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LeosinBro Model f(%a{y Wnits

UXC55 EcosimPro model:




LeosinBro Model f%&(y Wnits

UXC55 EcosimPro model:
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UXC55 EcosimPro model:
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LoosinFro Model : Muix Suply Aie Hundling Unit

UXC55 EcosimPro model:
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LoosinFro Model - Man fzy/{y A z%/(c//?}y it

UXC55 EcosimPro model:

2 air streams AHU

Dampers module
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Control Model /m/a&)g/
wd AF

Contreol Model Buitiling and Siinutatiion

Simatations, inprovement

and zy//‘aﬁ&

ﬁ(/%mwrta Lion

M}‘faa/—gaﬂ(/r(/&@/o/ﬂ}y

Control Model building and A.F.

=  Functional Analysis Re-writing:

0000006 | 89| Draf I
C;)‘f CERN KOGOKK 0.0 Dratt [ ]
B B |6 Y B GiiiGeesnm | JDOOGKK 0.0 Draf
ey Vo
For Cont{ =
Engineering? ¥\
ol

UXC55-3525 HVAC FU

ring Specfication

UXC55-3525 HVAC FU

UXC55-3525 HVAC FUNCTIONAL ANALYSIS

UNICOS approach

Improvements
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CMS HIAC Plant Lrample: Sinalation Resubls (7)

Example: Start-up Gas detection in UXC55 — Cap Open

Blown air temperature increase
Outdoor air: 20°C due to the motor load

- In this case, both UAPE AHU are running:

Exhaust through the cap \
100,000} N
| 20.54
\ _ | \ [T . -
80,000 w | | | /

I
o

20
Both AHU blow at 45 000 m3/h K
105

< 60,000 \ |

Temperature

-
3
E " UXC55 walls T°C: 18°C, without
% sensible/latent heat load for this simulation
E 40,000 185 - Temperature slightly increase.
18- + + : +
] 10 20 i 30 40
20,000 Sta r‘t_up t|me Time (minutes)
)
\
0 20 30 40 50

Time (minutes)
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S HIAC %?224t‘zf£aﬂgoéé Sinalation Fosalts /23/

Example: Start-up Gas detection in UXC55 — Cap Open

- In this case, both UAPE AHU are running:

Exhaust through th
1001000 1 _5

| | -
80,000 B
...... Both AHU blow at 45 000 m3/h | 0\
§ 60,000 B
£
4
e .
E 40,000 f B
{
{
20,000 ,’ B
{
| \
N / \
0 10 20 30 40 50

Time (minutes)

90,939.5

£90,938.5
&
2
> ong3s
g

F
2909375

90,939

90,937 -

90,936

L

0

—

—

Time (minutes)

—

|

@y
M @ Beams Department



CMS HIAC Plant Lrample: Sinalation Resubls (2)

Example: Start-up Gas detection in UXC55 — Cap Open

Initial room absolute
pressure

- In this case, both UAPE AHU are running:

Exhaust through the cap \
100,000 4— —

\ o
80,000 | . | —
------ Both AHU blow at 45 000 m3/h \
§ 60,000 \ -
£
g
= /
£ 40,000 f —
{
{
20,000 ,' —
{
|
0J / ,
0 10 20 30 40 50

Time (minutes)

Interlocks: the AHU fan cannot
start when the modulating
dampers are not open

90,9395 f

90,939
90,938.5

o Typical case where additiona
data are required to set the

90,937.5

90,937 -

absolute pressure amplitude

UUXCB5 cavern absolute pressure

90,936.5

90,936

90,9355

0 ' ’ ' 1b ' ’ ’ ’ Qb ' ' ’ 3b ' ' ' ’ 4‘0
Time (minutes)
1004
| /'
£ Spring-return actuator
g 60
204
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0 10 20 30 40
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50
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ﬂ%/(a/r(/a Simabation with FLCs in the /oa/ﬁ

@T:_-ls VisionHVAC_CMIS_UXCS5/UXCSS_Overview.pnl = |¢,|,{9;| . |_é| @l -l i —
of HVAC_CAVERN IEREENRE oeaz4aPm ouZEZOY |
- T.I ‘ ‘ ‘ ‘ ‘ ‘ | 0ro i“ 0 Unack

06:42:49FM 012912017

UBDTY (UETS
FoL FOL

Operator 3 | @
§ Work Station Process Model s . | FGMEXTEC
% (ECOSimPrO) : FAREXTEC
Operator OB
Ethernet
1/O exchange

UBDT
FOL

P
MODBUS TCP

§CADA PLC (Schneider
(WinCC-OA) PREMIUM)

e | | Remaining time [ Device |HVAC_CAVERN:SU_SU_UMRM_BO3_02_6 Select

| L [2017.0129 18:42:47.668 INFO AIAO widget is not linked to database in panel vision/HVAC_CIS_UXCS5/LIXCES_Overview prl .
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Conclusions

= EcosimPro HVAC library improved and validated

= Small HVAC plants modelled, good comparison with data
= EcosimPro CMS Cavern Physical Model:

= All the technical inputs are now known or estimated (damper size, fan
curve, duct pressure drops, ...)

= UXC55 HVAC Plant model is built
= Most simulation issues (convergence, simulation time) resolved

= Simulations with simple model control for various operating scenario

Model hooked up to 3 PLCs in the lab for manual simulations

Development of control system is ongoing, in collaboration with Cooling
and Ventilation team at CERN

Then Virtual Commissioning
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Thank you for your attention
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