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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

Reference magnet current [KA]
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EMR and Control




Description tool and EMR

System |C——> r'::'ggél —> EMR ———> | Simulation
H .
>| Control | ——1
Description tool => - Simplify the interconnection between sub-models

- Analyse state variables / energetic flows...

EMR Description tool => - Allow interconnection following causality principle
- Highlight action/reaction principle (energetic flows)
- Systematic control structure design




Structural / Functional description

Math.
System |——> model ——> EMR
.
Control |—
Structural : :
s ———> | Simulation
) description
Structural description => organisation following real structure
Functional description => organisation following energetic function

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
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EMR pictograms
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Modelling, EMR and Control (IBC)




module A

module B

module C
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Inverters  Lnrinduc // connexionFilter Capa Series Thyristor ~ Transfo  Magnet
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Control
IBC

All control loops are
designed independently
7 ™~

Param of Desired local
inversed model  performance

Possibility to test each
loop progressively

Constraint: Each loop must
respects the dynamics
separation criteria
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UbusD

Regulation

CinvDA\

c

inv_ref

ith_mea |

PWM

UbusC

\ 4

@P(_

kPihf

rd

Cinvc 4

c

inv_ref

ith_mea |

PWM

UbusB

v

(/?(_

kPihf

CinvB

a

inv_ref

IhfB_mea |

UbusA

<-

¥

I(Pihf

¢

CinvAA

U

inv_ref

ith_mea |

PWM

\ 4

o

e

kPihf

)

1-K

AN

B
A

oo i
7 i

-,

l-IinvD_ref >3
9 Cinve Inf2_ref  Unfo_ref
1
Upusc o>
uinvC_ref E
. -
9 invB Uhf ref Up_ref Um_ref m_ref
Ubuss | > ir ({nr 'F(Dv
Uinv_ref hfB_ (ﬂ
- . b
9 Cinva Ihfl_ref Uhfl_ref
ubusA:_>
INVA_re
l | m_mea u hf2_mea|
kIuhf / S
—[x [&qpine_ref |!m_mea
kPuhf klim/ S
¥| -
< Im_fef
A ---K—l 6-@6 Kpim T
transfg
l im_mea Uhfl_meal
Kiunt / S
b 4 JUhf_ref
mh X
I(Puhf

lkni

kDu




Simulation (Simpower - IBC
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Simulation results (Simpower-IBC)
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Implementation




Experimentation 1678A
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Experimentation 18 kA
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Comparisons

PWM: 2 niveaux / 20 kHz

Amplitude 1 boucle 2 boucles 3 boucles
1750 A 1.54% 0.68% 0.28%
2000A 1.67% 0.72% 0.22%
2250A 2.08% 0.6% 0.25%
2500A 2.4% 0.736% 0.30% \
1 boucle 2 boucles 3 boucles
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