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MAUVE Control System Architecture

Detector Control System Data EXChange
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Hardwired signals with positivelogic
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Hardwired Interlock Scheme between CO, cooling
cabinets and DSS & VSS

Signal Exchanges:
5 Digital Input
5 Digital Output
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Signal Exchange:
1 Digital Input
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Signal Exchanges:
4 Digital Input

5 Digital Output
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DSS input for UT cooling plant

s Cooling input signals
> DSS IN1: DSS interlock, stop the plant (if 0 = stop)
» DSS IN2 : DSS cooling cold allowed (if 0 = go to warm operation 17°C)
» DSS IN3: DSS cooling flow allowed (if O = at start-up do not allow to open
liquid supply valves)
» DSS _IN4 : Spare
» DSS_IN5: Spare

CO, Cooling Cabinet DSS Cabinet

24VDC P

DI




DSS & VSS input for VELO cooling plant

s Cooling input signals
DSS
> DSS IN1 : DSS interlock, stop the plant
VSS
> VSS IN2 : VSS interlock, stop the plant (if 0 = stop)
> VSS IN3: VSS cooling cold allowed (if 0 = go to warm operation 17°C)
> VSS IN4 : VSS cooling flow allowed (if O = at start-up do not allow to open liquid supply valves)
>

VSS _IN5: Spare

CO, Cooling Cabinet DSS or VSS Cabinet

24VDC P

DI




DSS output for UT cooling plant

s Cooling output signals

DSS_OUT1: Aside cooling ready (if 0 = No cooling power delivered to detector A side)
DSS _OUT2: C side cooling ready (if 0 = No cooling power delivered to detector C side)
DSS_OUT3: Full cooling available (if 0 = CO2 plant working on backup chiller)
DSS_OUT4: Set point reached (if 0 = SP not reached)

DSS_OUT5: Backup mode (if 0 = One Plant is cooling both detectors)

YV VYV

CO, Cooling Cabinet DSS Cabinet

< 24vDC

P> DI




VSS output for VELO cooling plant

Cooling output signals to VSS only

YV VYV

VSS OUT1: Aside cooling ready (if 0 = No cooling power delivered to detector A side)
VSS OUT2: C side cooling ready (if 0 = No cooling power delivered to detector C side)
VSS OUT3: Full cooling available (if 0 = CO2 plant working on backup chiller)

VSS OUT4: Set point reached (if 0 = SP not reached)

VSS OUTS5: Backup mode (if 0 = One Plant is cooling both detectors)

CO, Cooling Cabinet VSS Cabinet

< 24vDC

P DI




MAUVE Temperature Management

s MAUVE CO control system is S

automatlcally changing the applied I ap—
saturation temperature set point during ] I
process: [ [ e
> Equalization: Set point of the plant will T Ln

change in order to obtain equivalent
pressure with the detector

> Liquefying: Set point of the plant will
change in order to liquefy CO, present in the
detector

» Circulation/Operation: User set point is
requested

= All these operation are following the
different rules applied on the set point:

» Speed change request

=L
=)

—} ITL. ] ITL. ] ITL. ] ITL.
L
:

=L
=]

= L
=]
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Control of User Temperature

s User Set point can only be set up inside
MAUVE CO, control system

m One detector responsible who will have the
right to change user set point for both cooling
plants inside MAUVE CO2 SCADA system:
Heinrich?

s Oneresponsible per detector who will have
rilght to change user set point for dedicated
plant.




DIP publications from MAUVE CO, cooling system

Detector Control

S =

DIP server

Data server in CCC

PCO state
Sensors values
Sub cooling and super heating values Possibility to create

Actuators state of full system (valves -
position, heater power applied...) —_ 3.edlcatet.d P&Ilea.lsed
PLC Live counter* lagnostic panels in

Set point (User, automatic, applied) DCS
JDB stepper state & Transition
Major alarms groups

YV V V

YV V V V

*Ljve counter is needed in DCS to check communication is alive




DIP publications from UT

Detector Control

DIP server

Wi
5
Data server in CCC

A-Side UT C-Side UT




DIP publlcatlons from VELO

‘ DIP server \

Data server in CCC

A-Side VELO . . C-Side VELO




DIP Publication example (ATLAS IBL)

] u} unicosHMI_1: ATLAS_IBL_CO2
@Jh vision/ATLAS_BL/Detector_Temperatures.pnl v &2 ‘41» |e£f | . m"‘J
ATLAS IBL CO2 [?h_ﬂ °T|_T| Ea‘lm‘ 950:10 AN 10/412019
j%-zmgnofoz 181953 |CUVA_UX15_PT7T12  |VPT10 outlet pressure, f[Position Status [1.004e+0f |s 3 0 Unack
ATLAS IBLCO2 COOLING  systema Allow detector for aperation System B Allow dete operation

ATLAS IBL DETECTOR TEMPERATURES

MB Cooling MODULE TEMPERATURES

N pipe
temperatures temperatures

Side C Side A

Cooling MB
pipe inlet
temperatures temperatures

Plant overview Plant A ChillerA Liquid pumps | Alarms ccc | Remaining time

Device Select

L §2019.10.03 08:31:34.826 INFO Backup completed

Junction box Plant B ChillerB Accumulator Vacuum

L. Davoine

MAUVE CO, cooling - 2019



Detector Temperature

s Reading a single detector temperature value and
using it as input to the PLC is possible
» External connection (4-20mA)
» FieldBus connection (Modbus)

> DIP (Development to do to bring the value from SCADA
to PLC)
= Difficulties encountered with automatic detector
temperature reading used as T set point for start:
long delays, communication issues...

s Reading detector temperatures value through DIP
could bring enough diagnostic for cooling system
debugging and start process will be using local
boxes sensors
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Pixel Phase 1 restart example

15,00 Full [iguid system === Detector temperature
=== Temperature setpoint

==l== Accumulator saturation temperature

System stopped .

1
1
1
1
1 1
10,00 1 1
1 1
: Loop circulation EIEnabIed
1 1
5,00 1 1
1 1
1 1
1 1
1 1
0,00 ! ) !
1 1
! 202C AT !
1 1
1 1
5,00 : User restart :
1
S \
1 1
-10,00 : v :
1 >
1 1
1 1
1 é.j/ 1
-15,00 I I
1 1
1 1
1 1
1 1
0 1 1
Operation: !
1
1

-25,00 T
2017-07-12 18:00:00,000 2017-07-12 19:12:00,000 2017-07-12 20:24:00,000 2017-07-12 21:36:00,000 2017-07-12 22:48:00,000

= BPix example where sensors are glued on the carbon
fibres next to the cooling pipe

Tem peratu e Oﬂ:SEt (15°C) cause unnecessary delays and temperature cycles

https:/findico.cern.ch/event/815980/



Backup mode open question

m Bsp? (backup setpoint?)

m [Sp Bsp? (Backup setpoint speed)
s Bsp tH? (Backup setpoint high limit)
s Bsp tL? (Backup setpoint low limit)




DSS IN1 : Stop the plant

NOT DSS_IN1

N | .

Interconnection valves

PV3011

> Same logic applied with VSS.

- PV3037
<

___________________

It will put the interconnection valves to their safety position, so in case of
backup mode it will stop circulation through UT if VELO is the active Plant
and will Stop VELO PCO if UT is the active Plant.

&)

N/ S



DSS IN2: Cooling cold allowed

Co,
NOT DSS_IN2
B \ [ | |
o e

SP: 17°C

In case of backup mode, only DSS can request warm operation on UT Plant.
And only VSS can request warm operation on VELO Plant.
This to avoid unexpected warm operation on the detector running with his

dedicated plant in backup mode.
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DSS IN3: Used only in the start-up to allow
circulation of CO,,

s Liquefying and Circulation in JB (Step3)
| Transfer lines | E

PV3036 PV3010
The transition 4 is valid when all the = e
conditions below are fulfilled: iy Lo | semtventon
« JDB PCO Run Order status is active T
+ Valve PV3010 has to be open and the PR . 5 §
other valves (PV3036, PV3A14, PV3B14 | | 1] Foetnopresse
and PV3C14) are still in the same l l 4 Y R -
position as in the previous step | %‘@ I :
* The subcooling values of the supply and | 1% [ 2] connecting3s
return lines (SC3A20, SC3C20, SC3A30, | | S
and SC3C30) are higher than a | |
parametrical value (typically set @-4K) (Y 2] Gremires!
. The specific detector safety system R CACEY +
(VSS for VELO and central DSS for UT) g : ™
is sending the signal to allow cooling e ; [ 4] oetectorcircutation
flow in the detector a AN
In the case Transition 0 is active, the | e TP
stepper is going back to its safety ; ;% [5 ] closeny-pass
position whatever step is executed at i %% _ N
the moment. This transition is active in | | 1
case the JDB PCO is stopped (manual i i Py3B14 [ ] operaton
request, full stop interlock...). | Distribution | Junction A :
' Box_ ! Box




DSS output for UT cooling plant

DSS_OUT1:

>

Normal Operation: UT is in operation, supply/return valves needed for UT A side are
opened to circulate liquid CO, in detector and DP over the A side of the detector is
correct (analog alarm enableé when step 6) (no information about the chiller used or
feedback on setpoint)

> Backup mode: The active plant is in operation and supply/return valves needed for
UT A side are opened to circulate liquid CO, in detector and DP over the A side of
the detector is correct (no information about the chiller used or feedback on setpoint)

DSS OUT2:

> Normal Operation: UT is in operation and supply/return valves needed for UT C side
are opened to circulate liquid CO, in detector and DP over the C side of the detector
is correct (no information about the chiller used or feedback on setpoint)

> Backup mode: The active plantis in operation and supply/return valves needed for
UT C side are opened to circulate liquid CO, in detector and DP over the C side of
the detector is correct (no information about the chiller used or feedback on setpoint)

DSS OUT3:

> Normal Operation: UT system is running with the main chiller (no information about
CO, distribution in the system and current step in JDB process)

> Backup mode: The active plant is running with the main chiller (no information about
CO, distribution in the system and current step in JDB process)

DSS OUT4:

> Normal Operation: UT system reached his setpoint and JDB is in operation (no
information about CO,, distribution in the system)

> Backup mode: The active system reached the common setpoint and JDB is in
operation (no information about CO, distribution in the system)

DSS OUTS:

> UT plant is cooling both detectors: should we change it for a more general

information (Backup mode: One plant is cooling both detectors)

J\

Combination of
these 4 bits
should be used to
confirm CO,

—cooling is ready.
Any of them
missing should not
allow powering the
detector.

— Only information




Process Description - JDB

s Safety Position

‘ Transfer lines

%3036 ﬁg@\lwlo
The transition 1 is valid when all the % % .................................................
conditions below are fulfilled: Sefetyposition
+ JDB PCO Run Order status is active T
» All valves are closed except PV3B14. S .
} } H - Equalizing pressure H
I [ H
| | -~ hd H TO ™
| | H
| % o/| Pv3AL4
I I 5 ConnectingJB
1 1%
| | I
| |
I I Liquefyingand
i %% i Circulating JB
!6 | | TO T4
g i 1
% i i n Detector circulation
o
.. . . } %% PV3C14 To T5
In the case Transition O is active, the | ;%
stepper is going back to its safety . [ 5 | closebypass
position whatever step is executed at i qg.wm.v .
the moment. This transition is active in | | 1
case the JDB PCO is stopped (manual } } puses i Operation
. I I H
request, full stop interlock...). ' Distribution | Junction — :
' Box_ ! Box




Process Description - JDB

s Equalizing Pressure

‘ Transfer lines ‘ E

PV3036 PV3010
P P P PP T L L PRI TEEPRPTTEPPRTETEPPRE D, .
LY :

The transition 2 is valid when all the %%
conditions below are fulfilled: Sefetyposition
+ JDB PCO Run Order status is active T
 All valves are closed except PV3B14 PR . B
« The pressure in the accumulator | | (1] Foetmopresse
(PT4060) is equal to the pressure in the } } 4 v 7o n
return line (PT3036) with a deadband i %‘@ I
tolerance ! ! Connecting 78
; kg
| | T
| |
| | - .
Y IRl i
STy '
5 | 1 T T4
§ } } Detector circulation
o | [
Q| Yoy -
In the case Transition 0 is active, the i E“ ™
stepper is going back to its safety ; ﬁc.n [5 ] closeny-pass
position whatever step is executed at - ok N
the moment. This transition is active in | | 1
case the JDB PCO is stopped (manual } } pvsels Oeration
. [ [ :
request, full stop interlock...). | Distribution | Junction A :
! Box ! Box
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Process Description - JDB

s Connecting Junction Box
| Transfer lines | E

£28036 PV3010
The transition 3 is valid when all the = ...................................................
conditions below are fulfilled: o/l [0 | sartyposition
« JDB PCO Run Order status is active
* This valve (PV3036) is fully open

* The other valves (PV3010, PV3A14,

N
\
\
[
\
\
\
< __

|
|
PV3B14 and PV3C14) are still in the } 1 v .
same position as in the previous step i %‘@ pvaae
! ! Connecting JB
T -
| | ™
| |
Y Cresatng 38
ST
5 : "
o | \
% i i n Detector circulation
[a]
.. . . } %% PV3Cl4 To T5
In the case Transition O is active, the | ;%
stepper is going back to its safety ; ﬁc.n [5 ] closeny-pass
position whatever step is executed at - ok : N
the moment. This transition is active in | | 1
case the JDB PCO is stopped (manual | | psse L& | overation
request, full stop interlock...). | Distribution | Junction A
| .

Box




Process Description - JDB

s Liquefying and Circulation JB

The transition 4 is valid when all the

conditions below are fulfilled:

+ JDB PCO Run Order status is active

» Valve PV3010 has to be open and the
other valves (PV3036, PV3A14, PV3B14
and PV3C14) are still in the same
position as in the previous step

* The subcooling values of the supply and
return lines (SC3A20, SC3C20, SC3A30,
and SC3C30) are higher than a
parametrical value (typically set @-4K)

* The specific detector safety system (VSS
for VELO and central DSS for UT) is
sending the signal to allow cooling flow in
the detector

In the case Transition O is active, the
stepper is going back to its safety
position whatever step is executed at
the moment. This transition is active in
case the JDB PCO is stopped (manual
request, full stop interlock...).

Detector

‘ Transfer lines

PV3036
(1)
\3036/

\3036/

< ____

}?D

PV3010

€
€r)

°
<
w
9]
iy
S

iy

» €
DD

€
¢

Box
-

Junction

PV3B14

Safety position
Tl

n Equalizing pressure

T0 T2

Connecting JB

T0 i)

H Liquefyingand
Circulating JB
T T4

Detector circulation




Process Description - JDB

m Detector Circulation

The transition 5 is valid when all the

conditions below are fulfilled:

« JDB PCO Run Order status is active

* PV3Al4 and PV3C14 are fully open

* The other valves (PV3010, PV3036 and
PV3B14) are still in the same position as
in the previous step

In the case Transition O is active, the
stepper is going back to its safety
position whatever step is executed at
the moment. This transition is active in
case the JDB PCO is stopped (manual
request, full stop interlock...).

Detector

Transfer lines ‘

I PV3010

Junction

|

|

!

\

|

} PV3B14
\

\

|

! Box

-

Safety position
Tl

n Equalizing pressure

T0 T2

Connecting JB

T0 i)

“ Liquefyingand
Circulating JB
T T4

Detector circulation




Process Description - JDB

s Close by-pass

‘ Transfer lines ‘ E

iP;BOISS £’:3010
» . . . e —
The transition 6 is valid when all the tﬁ

conditions below are fulfilled: ; Safety position
« JDB PCO Run Order status is active n
« PV3B14 s fully closed 5 -
n Equalizing pressure
T2

» The other valves (PV3010, PV303,
same position as in the previous step %% ov3ALL ?

| |
| |
PV3A14 and PV3C14) are still in the | |
| |
| |
| |
| |
3

| H

(Y50 IRl iy

[ :
|
|
|
|
|
|
|
|

N
\
\
[
\
\
\
_

| TO T3
|
|
|
|
- ke
o |l T0 T4
o m
o |
8 } Detector circulation
a1
|

(Y50 ~
In the case Transition O is active, the | ashaas/) s oo
stepper is going back to its safety [57] ciosenypass

position whatever step is executed at
the moment. This transition is active in

PV3B14 Operation

case the JDB PCO is stopped (manual l

request, full stop interlock...). Distribution | Junction -
' Box | Box




Process Description - JDB

s Operation

‘ Transfer lines ‘ E

PV3036 PV3010
g.‘.‘ .................................................. ,,
\3036/\3036/ Safety position

Detector circulation

Detector

T1
e —} g n Equalizing pressure
| |
| | :
\ \ Y : O T
e T s
- g/ pvsasa
| | Connecting J8
[ [ i
! L T3
|
[ H
| “ Liquefyingand
ﬁ& } Circulating JB
| H
| T T4
|
|
|
|
|
|
|

(Y50 ~
In the case Transition O is active, the | ashaas/) s oo
stepper is going back to its safety — [5 ] closeny-pass

position whatever step is executed at
the moment. This transition is active in

|
|

|

|

|

| PV3B14 Operation
‘ :

|

|

|

case the JDB PCO is stopped (manual l

request, full stop interlock...). Distribution Junction %@ -
777777777 Box




Operation Mode — Normal Operation

VELO Dedicated Parameters: UT Dedicated Parameters:

«  Saturation Temperature Setpoint «  Saturation Temperature Setpoint
*  Setpoint speed (default: 1C/min) *  Setpoint speed (default’: 1C/min)
*  Minimal allowed temperature *  Minimal allowed temperature

Backup Backup
Chiller Chiller




Operation Mode — Normal Operation
with Backup Chillers

VELO Dedicated Parameters: UT Dedicated Parameters:

Saturation Temperature Setpoint «  Saturation Temperature Setpoint
Setpoint speed (default: 1C/min) *  Setpoint speed (default’: 1C/min)
Minimal allowed temperature *  Minimal allowed temperature

[ Main Chiller }

A

@ A
VELO uT
N4 4

Backup chillers keep detectors cold if they are not running




Operation Mode — Backup mode

VELO & UT Common Parameters:
Saturation Temperature Setpoint
Setpoint speed (default: 1C/min)
Minimal allowed temperature

Backup Backup UT Plant
Chiller Chiller




Operation Mode — Backup mode with
with Backup Chiller

VELO & UT Common Parameters:
Saturation Temperature Setpoint
Setpoint speed (default: 1C/min)
Minimal allowed temperature

[ Main Chiller }

Backup UT Plant
Chiller

A

A A
VELO uT
oy 4

Backup chiller keeps detectors cold if they are not running







