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FAIR Accelerator in Darmstadt (Germany)
34 ’—;i'i-w
Aim of the project: Investigation of the transient effects in the
SIS100 dipole circuit S
The SIS100 dipole circuit contains: i —— i
- y o= hod sy was

- 12 x energy-extraction-systems ———

. Vi3 — 3
- 108 x dipole magnets o Tl
- 2 X power supplies Vo b
- 12 x water cooled cables el
- 2 x grounding resistors )

- 2 x grounding capacitors

W13
Parameters Value Unit § e w
Current I, 13.2 kA
Vi

Grounding Resistor R, 10 kQ

Inductance of one Magnet L,, 0.55 mH

Resistor EE Ry 67 mQ “\ ¢ 8
Resistor WCC1 0.425 mQ | J

Resistor WCC2 0.3 mQ B '"D y R

Capacitor WCC1 42.4 uF I I D
Capacitor WCC2 30 LF MH] w L
Grounding Capacitor C, 5 uF s |n e

Capacitance Magnet C,, 3.5 nF
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FAIR Accelerator in Darmstadt (Germany)

Motivation to use SWAN-SING for this project

- Re-use PSpice components form the STEAM library

- Have schematic and code to generate netlist in the same place (the notebook)
- Re-use one notebook for another similar circuit

- SIS100 dipole is a large circuit, to do it by hand is very time consuming
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SWAN (Service for Web based ANalysis) was used to generate SIS100 dipole electrical circuit

Electrical circuit SWAN notebook (phyton based)

Power Suppy 1

(D Grounding Resistors and Capacitors

vez R | v
ca In [8]: |# Grounding Resistors
‘ ’. Vs netlist.add(GeneralElement("R_g_1b", a.create_string array(gateway, ("134", "135")), "seeee"))
a1 V135 moz ) % v e
s coz

netlist.add(GeneralElement("R_g 2b", a.create_string_array(gateway, ("135", "1")), "50000"))
| Il 5
Ll | 1T # Ground
Wosa sy ..
a2 N =y e e i | - netlist.add(CommentElement("* Earthing circuit"))
ecNodes = a.create_string_array(gateway, ( "135", "@"))

: 5} # Grounding Capacitors
netlist.add(GeneralElement("C_g a.create_string_array(gateway, ("134", "135")), "{C_GROUND}"))
Va5 netlist.add(GeneralElement("C_g

1",
2", a.create_string array(gateway, (135", "1")), "{C_GROUND}"))

ﬁ ecAttribute = "earthingCircuit"

e b ¢ i Vg ecParameters = a.create_string_array(gateway, ["R_fuse"])
L L ecValues = a.create_string_array(gateway, ["1.000"])

netlist.add(ParameterizedElement("x_EC", ecNodes, ecAttribute, ecParameters, ecvalues))
s IJ! ? s netlist.add(CommentElement("*"))

T Current Sensor (I_DDCT)
VT ves
s F o In [9]: netlist.add(GeneralElement("v_s", a.create string array(gateway, ("1", "1 "e"))

a")),
netlist.add(GeneralElement("R_S", a.create_string array(gateway, ("1d", "e")), "1MEG"))
netlist.add(GeneralElement("E_sC”, a.create string array(gateway, ("1e", "@")), "VALUE = {I(v_S)}"))

8")), "1MEG"))

ves vea
netlist.add(GeneralElement("R_SC", a.create string array(gateway, ("1e", "e"
W 4
nat \l!' LE“I nae

STEAM-SING -> jar file which is loaded at the
beginning of the notebook has various functions
T that are called to write the netlist.

&:

PSpice model (cir. file)




SWAN (Service for Web based ANalysis) was used to generate SIS100 dipole electrical circuit

W GitLab =

Pspice library

Searc

Steam-noteDoOK-api 3
*1 ¥0 Ino OO Updated 1 d:
S Project integrating various API (python and java) for parsing of ROXIE input files and generation of model inputs... peate e ase
STEAM / steam-matlab-utils (& = Maintainer
S This is a collection of Matlab functions that might be useful for different programs. In particular, the following S.. *0 ¥0 Ino DO Updated 2 days ago
STEAM-LEDET STEAM-SMIC
i Maint:
A STEAM / anubis (3} \ Maintainer ) ) *0 YO0 190 DO Updated 4 days ago
a Neural Network Utility Bringing Insights to Signals
STEAM / steam-notebooks @ Maintainer
*0 Y0 1Mo Do Updated 5 d
S The project contains notebooks for an automatic creation of models for selected simulation tools (COMSOL, LE... paate s age
STEAM / steam-ledet (&
*0 Y0 o Do Updated 6 d
S This project contains the source code of the STEAM-LEDET application © paate s a0
@ STEAM / CERNGetDP @ = Maintainer ® %0 ¥0 1o Do Updated 2 weeks ago
S STEAM / steam-ledet-material-library @ Maintainer *0 ¥Y0 1IN0 Do Updated 2 weeks ago
STEAM / st -pspice-libi Maintai
S / steam-pspice-library f§ | Mantainer *0 ¥0 Iho Do Updated 4 weeks ago

Libraries of netlist-based PSpice subcircuits of electrical components used to simulate transient effects in acceler..

Predefined circuits like

EE system,...

sI100_DP

Name Last commit

$I100 Esthlib

$I5100_induction ModeLlib

sis100 lib

SIS100 Switchlis

SIS700_VCPC lib

Last update:

\
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SIS100 dipole circuit

Energy-Extraction-System

Predefined subcircuits are
used from Gitlab.

Dipole magnet model

Power Suppy 1

I
e

1
\R_d_12 [
1

W 134 Vol
R_G_1 R G2
______ C G C G2
[| |
Il |

] R.d 1

Vv 133 1‘{ }—}

R_WGCC 12 H

\ "“lll ] 32[, T

1 1
L_81 .. L_1|:|E'| | :
\ ]
v ey

C_WCC_12

il

P V2

] R_WCC_1

V3

[ ]
TTRALAALT

| L_1..L 18
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1. Visualization with STEAM PSpice-Manager (Matlab based)

e Main.m fil

in the steam-p

% E.
%% Initialization
tic

close a

clear
format c
clc N
%% Import useful functions

pathMainFolder=

addpath (genpath ([pathMainFolder])) ﬁ
addpath (genpath ([pathMainFolder '\Mai 1 U 1 an: '

$% Define project folders and desired signals

Voltage [V]

flag_copyOriginalSimulation=1;

pathWorkingFolder=

if flag copyOriginalSimulation
pathOriginalSimulationPSpice:
nameoOriginalsSimulationPSpice=

copyfile( pathoriginalsimulationPSpice, pathWorkingFolder);
display ([ d fol om ' pathOriginalSimulationPSpice ' to ' pathWorkingFolder])

Voltage across each dipole magnet

u =15V, Magnet: 27

max

U, = <12 V. Magnet: 27

VTlme [s]

Convenient for
big circuits

10.00KA+

5. 00KA

1. 006
1(E_SOURCE) < I(E_SOURCE

Convenient for small circuits
or fast visualization




Current dependent inductance model in PSpice

There is now function in PSpice to simulation a current dependent inductance
- this effect not be neglected in the SIS100 dipole circuit
- a new subcircuit was created to consider the saturation effect of the iron yoke

Measurements from GSI Table in PSpice (ETABLE or GTABLE)

Current-Inductance =T 1 * PSPICE SIS100 Inductance Table for one Magnet
* Sub Model of Inductance Table for one Magnet

* Model Inductance Table

& .subckt inductance_table (IN OUT)

5 E_E1 IN OUT TABLE {V(IN)}=(

& +(0,0.00055)
+(100,0.00055)
+(200,0.00055)

*  +(300,0.00055)
+(400,0.00055)

11 +(500,0.00055)

12 +(600,0.00055)

13 +(700,0.00055)

14 +(800,0.00055)

5 +(900,0.00055)
+(1000,0.0005%)
4(1100,0.00055)
4(1200,0.00053)
+(1300,0.00055)

1 I
5000 10000 15000 « (14000 NNNGSY
Current [A]

A 4

Inductance [mH]

GSOURCE in PSpice

[ Lua
= | =u
L) <
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Simulation of eddy-current effect

SIS100 dipole model

R_eddy 1 R_eddy 2 R_eddy 3
1 1 1
L T L T | I
. . .

WA AAF W AAAT WA A AT

L_eddy_1 L_eddy 2 L_eddy 3

\\K_ 1 n_ouTo,_z K /

C_mag ——— —_—— C_mag

Each magnet contains this model
- 108 models
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Simulation of eddy-current effect

Impedance graph in Ohm

104 E T T T T T 1T T T T T T 1T T T T T 1T | T T T T 1T T T T T T 1T T T T T 1T IE
i R_Eddy_1 R_Eddy_2 R_Eddy 3 ]
| — | — I
10° & LI I | _
i . . . i
WAAALT WAALALT WALAAS
102 &= L_Eddy_1 L_Eddy_2 L_Eddy_3
e _
- - Measurement 7
9. - Limit of measurement device | -
E [~ —
10° & =
107" = - The eddy current loops cause a reduction of the |mpedance ina weII =
F ; deflned frequency area. - .
L1 ~+ the parameters of the three current loops were determined in a |
107 ¢F numerical way E
10_3 1 1 1 1 I | | 1 1 1 1 I | | 1 1 1 1 I | | 1 1 1 1 I | | 1 1 1 1 I | | 1 1 1 1 I |

10° 10! 102 10° 10*
Frequency [HZz]

10°

10°
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FPA simulation of SIS100 dipole circuit (simulation results)

14000

12000

10000

8000

6000

Current [A]

4000

2000

-2000

9

Current through each dipole magnet

FPA: EE systems open and the
current is discharged through
12 dump resistors.

m

= 12447 A, Magnet: 6
ax

time constant = 72.25 ms

0.5

CE/RW
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Time [s]

3.5




FPA simulation of SIS100 dipole circuit (simulation results)

Voltage across each dipole magnet After FPA all 108 dipole magnets
20 U = 15V, Magnet: 82 - dISCharged
if\\ f/_ - \ I
A / P N .
- Investigation of induced voltage
= ol —
g /
g |
L wof- / .
“f
@l | - Zoom to FPA
00 N . Voltage across ea‘ch dipolel magnet ‘
o0 - © u . =-113 V, Magnet: 10 | 2r 7
0.5 1 15 _ ES] 2.5 3 35 L

Voltage [V]

1 1 1 1 1 1 1 1 1
2289 228901 228902 228903 228904 228905 228906 228907 228908 228909

Time [s]
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FPA simulation of SIS100 dipole circuit (simulation results)

Voltage across each dipole magnet
T T

Zoom to FPA
Voltage across each dipole magnet
I [ [ [ I
2l After FPA all 108 dipole magnets
- discharged
S w- - Investigation of induced voltage
| | | | | | | | |

Time [s]
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FPA simulation of SIS100 dipole circuit (simulation results)

Voltage across each magnet after FPA animation.

Time = 2.289037¢+00 s

50 The animation shows how the voltage

wave traveling through the circuit

Voltage [V]
SHE

-
h
o
T
I

-200 - ]

-250
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Electrical Position
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FPA simulation of SIS100 dipole circuit (simulation results)

400

Voltage difference between adjacent dipole magnet
\

30 ¢

200 ;

100

u

m

=309 uV
ax

This voltage difference will
not trigger the quench
detection system!

Voltage [¢V]

-100

-200

-300

-400 '

The voltage| difference
between adjacent dipole
magnets is important for the
guench detection system

0.5

1 1.5 2 2.5 3 3.5
Time [s]

9
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FPA simulation of SIS100 dipole circuit (simulation results)

Voltage to ground of each dipole magnet
I I I

000 - Huge voltage peak after

u__ =825V, Magnet: 57 FPA
800 (— max —

600 [—

400 —

200 —

Voltage [V]

-400 —

-800 — 6 u . = -806 V, Magnet: 58 7

mi

-1000 [— =

0.5 1 1.5 2 2.5 3 35
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FPA simulation of SIS100 dipole circuit (simulation results)

Voltage to ground of each magnet after FPA animation.

Time = 2.289037¢+00 s

1000 .

800 1 The animation shows how the voltage
600 wave traveling through the circuit

400 1

[\
=
o
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Voltage [V]
o

-200 1

-400 y

-600 y

-800 T

_1000 | 1 | 1 1
0 20 40 60 80 100 120

Electrical Position
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Conclusion

STEAM-SING

- Using the STEAM library is very convenient and time-saving

- Python-based notebooks allow to build large electrical circuits
- Changes can be done very quickly and easily

- Interface with other STEAM tools

SIS100 circuit

- Very good match of the impedance measurements with the PSpice model
- The transient investigation showed that the FPA case will not cause a damage in the circuit
- The quench detection system should work properly during the normal operation
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Thank you very much for
your attention
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