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Abstract
This poster presents the design of a simulator of a large-scale control system for the cryogenics of lhc and presents the results obtained. The simulator follows the real system architecture 
and is therefore made of a number of components sharing data through a standard protocol. The modeling of the process makes use of ecosimpro, the commercial simulation software for 
industrial systems. Each cryogenic component is represented by a set of differential-algebraic equations; helium properties are obtained from a specialized library. The control system is  
simulated with a plc-simulator running the process control logic implemented for the cryoplant. These are then connected to the same scada system used to operate the cryogenic plant.thus, 
both the actual control policy and the supervision systems are reused during simulation. The objectives of this work were threefold: first, to provide tools for operators training, second, to 
test new control strategies before their implementation. 

Process Model component connections

The developed simulation components library contains five main categories. All components 
have been validated independently :

      • Storage components, such as ducts, phase separators, etc.
      • Hydraulic components imposing a mass flow, such as valves, compressors, turbines, etc.
      • Thermal components that can be composition of the two above with the addition of heat 
        transfer, heat exchangers, heaters, etc.
      • Interface components to connect the simulator to the control system.
      • Control components to perform control action in the simulator.

Complete Cryogenic and Control Simulation Suite

Simulator Architecture Similar 
to Installed Control System

Drag and drop graphical model construction 
Including connection to PLC simulators

Outstanding Simulation Results 

CMS Detector Cryoplant 

LHC 4.5K Refrigerator 

LHC 1.8K Refrigeration Unit

CONCLUSION

The PROCOS components suite for cryogenic systems is now operational and has been used successfully 
to model optimize and commission several cryogenic systems at CERN. It will now be used to train the 
operation crews. 

Two main challenges are still ahead of us: 
    • modelling developments must be made faster and easier
    • for large systems, optimization are still necessary to reach acceptable simulation duration. 

New feature will be introduced in the CERN generation tools to cope with this.New control system 
developments to other infrastructure system at CERN now justify the extension of the simulation 
capabilities of PROCOS to other types of continuous systems.

The simulator is generally faster than real 
time. Nevertheless, real-time is not 
reached for the 4.5 K refrigerators of the 
LHC sectors because of the large number 
of coupled equations generated by heat-
exchangers.

Performances

0 5 10 15 20 25 30 35
0

200

400

600

800

1000

1200

1400

1600

1800

2000

t (hr)

m
(g

/s
)

Total massflow

0 5 10 15 20 25 30 35

8

10

12

14

16

18

20

t (hr)

P
 (

ba
r)

High Pressure

22 24 26 28 30 32 34
0

2

4

6

8

10

12

14

16

18

20

t (hr)
P

 (
W

)

Heating power in phase separator

0 5 10 15 20 25 30 35
0

50

100

150

200

250

300

t (hr)

T
(K

)

Temperature after HX4A

Real Plant
Simulation

Real Plant
Simulation

Real Plant
Simulation

Real Plant
Simulation

10 15 20 25. 30

10

100

Entropie (kJ/kg.K)

T
em

pe
ra

tu
re

s 
(K

)

Mesures
Simulation

5

50

300

17,8 bar

3,65 bar

1,2 bar

T123

T45

T67

T89

T10

200 g/s @ 3bar / 4,5 K
Vers LHC

180 g/s @ 20K
depuis LHC

20 g/s @ 280K
depuis LHC

1 kW

30 kW @ 50 K- 75 K
Ecrans Thermiques

Storage components
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