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PLC interface : Pressure/Flow sensors

PTxx:
VALCOM, 12-30 VDC,
4-20 mA, 0-3 bar

FT1: Proline Promass F 500

LN2




P&ID : Temperature/Level sensors
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PLC interface : Temperature/Pressure control
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PLC functional scheme: LN2 level control
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External data provider - LM-F level meter via Serial RS232
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PLC functional scheme: GN2 pressure control (part 1)

Man GN2 Pressure SP
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PLC functional scheme: GN2 pressure control (part 1)
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- Ulouput
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PLC functional scheme: GN2 pressure control (part 2)
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PLC functional scheme: Detector ullage pressure control

[ Ul output ]
auto VV3

| PressureSP —» sp
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PLC functional scheme: Sensor calibration module

Input X

>

.~ ABC —P
Input Absolute ‘
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Sensor calibration function:

Y=A+B*X+C*X?

~

‘ Output Gauged

N

Overpressure calculator

PTGxx = PTxx - PT4




Safety :

“Red Button” pressed -> system to safe state
- VV1 closed
- VV2 open
- VV3 open
- Pump motor disabled, controller power off
- HV interlock OFF
- Blinking Red/green lights on light tower

“Reset from Safe state”
- VV1, VV2, VV3 to their normal state (regulated or manual, as was before the event)
- Light tower to normal state indication
- Pump remains OFF
- HV remains OFF



Fermilab PLC

CX9020 CPU

67 10 terminals

Toshiba VFD

Line reactors

Power supply with UPS
HMI with touch screen

2 Oxygen sensors for ODH

TwinCAT2 on Win PC



PLC Ul windows

1. Filter control: (VV1 & VV2 PIDs, Det. pressure(PT5) , Levelmeter)

2. Detector control: (VFD control, PT5, PT6, PT8, exhaust VV3 valve PID, Levelmeter)
3. Gas Chromatograph: (PT1-PT4, PT5)

4. Sensors overview and calibration page (2" order curve)

5. Alarms page (for remote operation)

Realized as TwWinCAT Visualization screens

and

HMI pages



PLC Ul windows: Detector overview
D SingleModule —

MainPage = X

PT1  7.680 bar
LDetek
Gas Analyser

L PT3  0.983 bar

Spellman HVPS 4 PT2 -78.891 mbar
| AmbientairPT4 0.966bar |

HV ON | HV OFF |
| GasHeaterTC4 300920K |

SetVv3

I:Im] MAN  50% |

RQ 50 %

V3 50.000% e GFMZ  Osipm e
Gas Ar exhaust

AUTO

Gas N2 exhast RQ 0%

s GFM1 aspm M vz 0%

PT7  1.003 bar

CLM  -1344 mm

VFD Fower

Motor Enable |[Foien
SP= 50 | SetVFD

VFD Reset |

TC1 305850 K

TT4 294943 K

TC2 304.570K
T3 295.554 K TC3 302.830K
TT1 295462 K




PLC Ul windows: PID page

PC2A - Detector ullage pressure controller

LC1 - Filter LN2 level controller

Kp 20.000
Manual SP 0.958 bar Tn 200.000
Det Press PT5 PV 0.964 bar v 10.000
PC2A Out 80K Td  0.000
Hi  93.000 K
TC2 - Filter LN2 temperature Il Lo 20000 K
Manual SP 306.000 K Kp_ 1.000
Auto | SP request 306.000 K Tn. 200,000
Temp TT5 PV 204.959K VR 10y
TCZ Out 3.000 bar 1494000
Hi  3.000 bar
PC2N - Filter GN2 pressure controller Lo 1500 bar
Manual SP 2.500 bar Kp_700.000
Auto | 5P request 2.500 bar Ta_200.000
j| PressPT7 PV 1.003 bar L £
oM Ot e Td 70000
VV2 - Filter GN2 outlet valve R
Lo 00%

Disable I
Manual SP 0% I
Auto | SP request

ODH Interlock

i

Kp  2.000
Manual SP 1000 mm Tn 2000
FLM level PV 722 mm Tv__ 0.000
LC1 Out 100 % Td 0.000
Hi_100.000 %
VV1 - Filter LN2 inlet valve Offset  0.000 %
Disable I Lo 0000 %
S 0% |
ODH Interlock
VISR 0% Filter Lo Lim 1090 mm
PC3 - Detector ullage pressure controller
Kp 700.000
Manual SP 0,090 bar Tn_200.000
DetPress PT5 0.954 bar TR 101
PC3 Out 5 % Td 70.000
Hi 1000 %
VV3 - Detector Ar exhaust valve Offset 0.0 %
B .
e —
SP request 50 %
ODH Interlock
VW3 5P 50 %

100% [@R

Allows valve control
PID parameters

Control loop configuration



PLC Ul windows: Sensor overview page

PT1 [ 25100 |[  7e60bar | TT1 [ 14563 | [ 22221¢ | o1 [ 257 |[  3373sipm |
Pz [ 717 || -77.243 mbar | T2 [ 14731 || 24784c | g2 [ o |[ o0ooosim |
Pr3 | 3216 || osgs1var | Tr3 [ 14574 ||  22388C | o3 [ 3 ][ ooo01sim |
PT4 | 10544 |[  o965bar | Trd | 14529 || 21702C | oMt [ 17 | [ 12794 ppm ]
PTs | 10528 ||  0964par | M5 [ 14534 | [ 21778C |
P16 | 6340 ||  o0967bar | 6 | ws27 || 21671c |
Pr7 | 3283 || 1002var |
Te1 [ 3270 || 32700c |
Pre | 17275 ||  1ss2var |
T€2 | 3131 ||  31410c |
vise| o || oooo% | 103 [ 2068 |[ 20680C |
vasp| o || oooos% | 1c4 [ 2776 | [ 27760C |
vasp( 163a¢ |[ s0.000% |
1| 26 ||  ouim | Fim | 722mm_|
vomon[ o ][ ox | o [ e ]
VFD Power | Ng;&r En?ﬂle | VFD Reset |
Click to set VFD
Raw A B c Calibrated
Fii [ 26 |[ o000 |[ eo000 |[ 7000 |[ o141

100 %

Raw data, failures
Calibration parameters

Low level debugging



PLC Ul windows: Alarms page

Remote view of alarms

F High Limit_ 1.600 bar |
PTS  0.964 bar|
[ Low Limit__0.000bar_|
Filter Ar Pressure HighLimit 3.000 bar |

PT8 1582 bar Disable
RGY Lights

| Filter N2 Pressure High Limit _3.000 bar |

PT7  1.003 bar

CLM 1345 mm

Visual view of sound alarm

Filter Hi Lim 1150 mm




PID realization

ArgenCisbe ArgonCube V1

Tested on VV1 & VV2
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LN2 Pneumo-Valves ~

PID tests

V1 -Gas N2in

h 2021-02-03 13:49:28 &
VI(IN) 0% g

V2 N2 exhaust cen =1
Goal - stabilize P at SP

1306 13:10 13:15 13:20 1325 1330 1335 13:40 13:45 13:50 13:55

Input disturbances: e | ' ‘ | ‘ e

LN2 Ullage Absolute Pressure

abrupt change of V1

abrupt change of SP i <l b SO S — [N

Works very well!

13405 13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:50 13:55
Current: 2500 bar LN2 Ullage pressure Cument: 2480 bar




PLC data flow to/from external subsystems

Interface core -
pymodbus
(Python ModBus library)

Uses PLC global variables
by ModBus direct R/W access

Main data flows:

SC units -> argoncube02
(Levels)

arconcube02 -> PLC
PLC ->argoncube02

In PLC - alarms on data flow failures

Network topology in Grosslabor

VME ADCs

UTP (copper)
/7/
/

HMI
screen

I S-yitch

ENAL PLC 192.168.0.30

Laptop
130.92.128.183

Switch

‘ LHEP PLC r
130.92.128.167

LDetek
130.92.128.168

SFP,

192.168.0.31

SC-C
DELL switch

(-7

argoncube02
192.168.0.2

n
s
£ 192.168.0.1

130.92.128.166




Sensor data on argocncube02 (running Influxdb & Grafana)

Mozilla Firefox
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SingleModule PLC control : Summary

PLC is configured and programmed - ready for Single Module run in March

PIDs parameters to be tuned at the run start

Safety subsystem tested and ready (Parameters, Link failure, ODH, Red Button)

We are on low start for the run.

Big thanks for the FNAL team: Ting Miao, Trevor Nichols, Matthew Micheli !



