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Control structure design

of SIRIUS FP2P2S

using EMR approach
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Specific structure of SIRIUS FP
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Output Diode-Thyristor
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Thyristor: Allows voltage step

Diode: Avoid negative current during the 

opening time of the thyristor



EMR and Control



Control

Description tool and EMR

Description tool => - Simplify the interconnection between sub-models

- Analyse state variables / energetic flows…

System
Math. 

model
Description Simulation

Control

EMR Description tool => - Allow interconnection following causality principle

- Highlight action/reaction principle (energetic flows)

- Systematic control structure design

EMR



SimulationEMR

Structural / Functional description

System
Math. 

model

Control

Structural description => organisation following real structure

Functional description => organisation following energetic function

Simulation
Structural 

description

With current simulator based on ‘structural description’ (Simplorer, SimPowSyst)

=> Fast simulation files design, Large components library available, 

Easy to modify models (add phenomena)

EMR is a functional description tool



EMR pictograms
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Modelling, EMR and Control (IBC)
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designed independently
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Regulation

                                                                                                                                    



1
-K

d
 

kDi 

im_ref 

sk Iim

Pimk

im_mea 

Feed 

Foward 

Ktransfo 
1 





1
-K

d
 

skIuhf

Puhfk



skIuhf

Puhfk









1
-K

d
 

Pihfk  

Pihfk  

Pihfk  

Pihfk  

PWM 

PWM 

PWM 

PWM 

im_mea 

im_mea 

uhf2_mea 

uhf1_mea 

uhf2_mea 

uhf2_mea 

uhf1_mea 

uhf1_mea 

ihfD_mea 

ihfC_mea 

ihfB_mea 

ihfA_mea 

ubusD 

ubusC 

ubusB 

ubusA 

cinvD 

cinvC 

cinvB 

cinvA 

kDi 

kDu 

uhf_ref 

uhf_ref 

                                                                                                                                      
cinvD 

cinvC 

cinvB 

cinvA 

uinvD_ref 

uinvC_ref 

uinvB_ref 

uinvA_ref 

ihfD_ref 

ihfC_ref 

ihfB_ref 

ihfA_ref 

ihf2_ref 

ihf1_ref 

kDi 

kDi 

kDv 

uhf2_ref 

uhf1_ref 

uhf_ref up_ref um_ref im_ref 

ubusC 

ubusB 

ubusA 

ihfC uhf2 

ihfB uhf1 

ihfA uhf1 

uhf1 iT 

Uinv_ref

Uinv_ref

Uinv_ref

Uinv_ref



Simulation (Simpower - IBC)

Sensors

ADC

40kHz / 

80kHz

DSP 10MHz

PWM 20kHz



Simulation results (Simpower-IBC)



Implementation



Experimentation 1678A

Magnet current 

erreur

Voltage 

(UhfAC+UhfBD)

Magnet current



Experimentation 18 kA
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Comparisons
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PWM: 2 niveaux / 20 kHz

Amplitude

1750 A
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2500A

1 boucle

1.54%

1.67%

2.08%

2.4%

2 boucles

0.68%

0.72%

0.6%

0.736%

3 boucles

0.28%

0.22%

0.25%

0.30%


