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Motivation

>Simulate any LHC event on the fly ;C@

>Automate the analysis of diverse circuit families

‘»fzfv ; ?

>Perform pegriodic tests of validated circuit

models |$:|
x—
V—




Outline of my talk

Introduction to STEAM and softwares used

ABCD Analysis Strategy

Three Improvements

Where does automation begin?

Why is it a challenge: Complexity and diversity of LHC circuit families
Synergy between analysis techniques of magnets and circuits

An example of simulation plots generated

Periodic tests and sanity checks

Automation Flow




What Is Sﬁm ?

« Simulation of Transient Effects in Accelerator Magnets

« Achieve specialized, trusted, consistent, repeatable and sustainable software tools and
models

« Designed to model electrical, electromagnetic, and thermal transients in superconducting
magnets and circuits

STEAM framework

Input files Conductor Magnet Circuit CO::slil;itsi‘Ve Eg:gfrz“::gnt;
STEAM SDK
CHALLENGES

Dakota***

: . ‘ y , : .
Materials properties | Component library Commerdial software is not easily

available to all users and expensive
Co-operative simulation
- Software in green boxes is free to use

STEAM SDK
STEAM SDK

some functionality is under active development

*COMSOL license needed. **Commercial circuit solver from Cadence Design Systems. ***Free tools from Sandia Labs.
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o . et e 25
| PARALLEL ELECTRONIC SIMULATOR JOYT %

4.0.2 NN (ideO de\,\cec %‘;

Wi gset eC @ % e
XYCE \a\\O“ e PSPICE

disp %’% ! 2\ ‘ea\‘\w \og\(:“:; 09e®
_ ) %% . A : ce . . . .
« Xyce (zis, rhymes with e r\l\g} coﬁzgﬁ“wax-\on e Fully functional analog circuit
“spice”) 3 o oo simulator
«  Open source, SPICE- « Supports digital components
compatible, high-performance
analog circuit simulator Integrates system-level

Interfaces with electrical designs

« Developed by Sandia National
Laboratories, USA
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ABCD analysis strategy for all circuit families

Validation of existing circuits

Making models of all remaining CII'CUI'[ types

V;e,rr{ylng circuit- spgcmc mod'é% .
- |
Irrﬁp\‘@g model (A\:ontmum&proce S. X

s |
All the/e %pzs have béen succes§fuli'§/ applle

.U.O.UU.?D
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Snapshot

Steps A, Band C

#44

Load the correct
circuit specific

parameters into the
circuit model

Sigmon csv file

model Data
yaml file

5___,{'_ T

Gives specific

#8 o—

event information o= M. .
Circuit interpolation
Parameters » f€sistance csv |
csv file A file
-\._____.d"l-.:r’__-ﬂ""x 4 \l“ '---__--h'"‘-\x‘
/steam®,
/ models \

Tells which magnet's
coil resistance to use

Tells which circuit
is involved

#40

Helps in
simulating quench




C Circuit Fam
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Challenge: Complex diversity of the eight planets

RQX has three PCs each with different ramp rate, acceleration and current

IPQ has 2 different magnet configurations (2 apertures and 4 apeyy

Although IPD circuits have just one magnet, they employ four
different circuit types and corresponding different magnets.

RQ family has defocusing and focusing circuits and employs a s O v
hierarchical sub-modular structure for the PC. ?{! | | V=t

Lol V/V/V/V/V[/V i 70 s T o . T /‘ NN

600 A circuits may have EE and/or parallel resistors or may be
self-protected.

RB and RQ must include diodes with heating modeling across the magnets that quench.

Nested magnets pose another challenge.




Improvement 1: Coil Resistance Interpolation

The Coil resistances used for interpolation are e e e e e R
derived from earlier Work Of PSPICE-LEDET ; time?vem.R_COiISec‘tions_l t?niii?:;l!_cmil’sec‘timns_l t?n:li?:‘:‘lli_cmilsec‘tions_l tisrizi?::‘m_coilsec‘tions_l tir:iiij;l!_coil’sections_l t:‘noﬂzi?e?:‘tfi_co

3 |-1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00
? I t' b th ST E AM t Th k 4 |-L.DOE-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00E+00 -1.00E-01 0.00
CO'S|mU a |On y e eam . an S 5 |-9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00
R 6 |-9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00E+00 -9.99E-02 0.00

M arVIn I) 7 | -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00
. 8 |-9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00E+00 -9.98E-02 0.00

9 | -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00

10 | -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00E+00 -9.97E-02 0.00

11 |-9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00

L d El t D : EI t Th | 12 | -9.95E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00E+00 -9.96E-02 0.00
umpe = emen yn amIC eC rO- erma 13 |-9.956-02 0.00E+00 -9.95E-02 0.00E+00 -9.95E-02 0.00E+00 -9.956-02 0.00E+00 -9.956-02 0.00E+00 -9.95E-02 0.00

. . . 14| -9.956-02 0.00E+00 -9.95E-02 0.00E+00 -9.95E-02 0.00E+00 -9.95E-02 0.00E+00 -9.95E-02 0.00E+00 -9.95E-02 0.00

LEDET model InCIUdeS non_llnear d namIC 15 | -9.94E-02 0.00E+00 -9,94E-02 0.00E+00 -9,94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00
y 16 | -9.94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00E+00 -9.94E-02 0.00

17 |-9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.936-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00

effects SUCh aS the dependence Of the 18 |-9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00E+00 -9.93E-02 0.00
19 |-9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.92E-02 0.00

t’ d'ff t' I |f 1 d h 20 |-9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.92E-02 0.00E+00 -9.926-02 0.00E+00 -9.926-02 0.00E+00 -9.92E-02 0,00

mag ne S I eren Ia Se 'In uctan Ce On t e 21|-9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00
. . . 22 |-9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00E+00 -9.91E-02 0.00

resence Of Inter_fllament and Inter_strand 23 | -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00
p 24 |-9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00E+00 -9.90E-02 0.00
. . 25 | -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00

Cou pllng Curre ntS In the Conductor 26 | -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00E+00 -9.89E-02 0.00
- 27 | -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00

28 | -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00E+00 -9.88E-02 0.00

29 |-9.87E-02 0.00E+00 -9.87E-02 0.00E+00 -9.87E-02 0.00E+00 -9.87E-02 0.00E+00 -9.87E-02 0.00E+00 -9.87E-02 0.00
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Coil Resistance Interpolation

Once the coll
resistances are taken
from the LEDET
output, we can use
them to interpolate
coil resistances for
current levels in the
range.

For interpolation,
we use the good
old formula_

Other options can (s

be fine tuned, like Y= 1xox) XXXy
how many
magnets and W

apertures are
there, what time
offset should be
used, etc.
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Improvement 2 :Stimulus File Generation

Once we have the interpolated coll resistances,
we can feed that into our next step of stimulus - S R :

(.stl) file generation. > .STIMULUS R_coil 1 M1 PWL
3 + TIME_SCALE_FACTOR =1
4 + VALUE_SCALE_FACTOR =1
R _coil_1 M1 in the adjacent image acts as an B (o oaoss, 0.0 )
external stimulus to the parametrized magnet Bl | o e 00 )
component in the magnets library file. Bl | 157-7200%s, 0.0)
11 + ( 757.73005=s, 0.0 )
. . . . . 12+ ( 757.73505s, 0.0 )
This way of using interpolated coil resistances 13+ (757740052, 0.00024060850000000003 )
. . 14 + . 5, . 00. .
to determine exact stimulus for the L5 + ( 757.7500500000001s, 0.0016714044 )
parametrized magnet helps us with automation | 7 & { 77 7cocs00000001s, 0.00166512727es8055¢
of simulations of very different magnet types. . | 7o 7700200000001, O 00219748568 )
20 + ( 757.7750500000001s, 0.002380548675 )
21 + ( 757.7800500000001s, 0.00253927455 )
Thus we rep|ace the magnet Component to 22 4+ ( 757.7850500000001s, 0.0027746855250000003 )
! :43 + 757.790050000000:15, 0.0029600976000000003 )

include coil resistances.
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Improvement 3. Change of Power Converter Model

Inclusion of global parameters like ramp rate,
acceleration to control the power converter with
an analytlcal equatlon as described below

e SET e S R e Rl — = -~ o e | EEEE = e e e | G e e e | G e men e | G e e e | g e e | G = e men

. |* PSPICE Generic Power Converter components llbrary
2 * Version 1.0: 2022/06/01, Emmanuele Ravaioli, STEAM, TE-MPE-PE, CERN, Geneva, CH
3 * This library includes models of power supplies, i.e. power converters (PC), that can be used for multiple circuits

*st****t'.i:'.l".*'.t'*'.t".l':*'t't'.t".l':**'ttti**ttit**t******t*****t'.l".l".*'t'*'.i:*'.*'.t'*'.t'*:*'.t'tt***tt*i**t**t*********

*
*
k
*
*
*
*
* e
*
*
*
*
*
*

——
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Subcircuit: PC controlled equations

Power supply, i.e. power converter (PC), controlled with an analytical equation

Notes:

- The PC is modelede as two voltage-controlled current sources in parallel governed by analytical equations

- One current source models the first phase (I start-->I end 1) and the other the second phase (I end 1-->I end 2)
- The PC current is set to follow this pattern:

--- stay at I start until t>t start

change parabolically, then linearly, then parabolically from I start to I end 1

--- wait at I end 1 for a time t plateau

--- change parabolically, then linearly, then parabolically from I end 1 to I end 2

--- if at any time the simulation time reaches t_PC_off, the PC is switched off and its current set to 0 A even if the ramp is not finished
- The transition from parabolic to linear phases is set so that the dI_dt does not change abruptly

- To simplify the lunderstanding of the logic, wirtual voltage nodes are used to calculate relevant times

- Parasitic components are included. The default settings improve numerical convergence in many practical cases.

iy |



Where do we begin? What do we begin with?

o a
LHC Magnet circuits, °" ®
o 7

Powering and

Da
Performance Panel (MP3) o
Repository All relevant information about that
particular FPA event for a particular
circuit

Fast Power Abort (FPA)

Circuit Events Including ramp rate, acceleration,

plateau duration, type of quench,
position in the magnet, date, time etc.

Produced by SigMon- Signal Monitoring




Synergy between analysis of magnets and circuits

Integration of the analysis of circuit events into the
ParsimEvent step (the skin of our human body analogy)

Just change case model from ‘magnet’ to ‘circuit’

For example, reading FPA circuit event files instead of
guench dictionaries as done for magnets

——
—_

ot
(IFF..J}J
.__,'|I




Simulation Plots: RQX

A B C

1 Clrcunt \‘a.Clrcun Far Period

2 |RQX. RQX

12KA

10KA -

B+

bK<

Date (FGC Time (FGC FPA Reasc Timestam Delta_t(FCRamp rate Ramp rate Ramp rate Plateau di Plateau diPlateau dil_Q_RQX 1_Q_RTQXI_Q_RTQX MIITS_RQ: MIITS_RTCMIITS_RTCI_Earth_mDelta_t{Q1_Q_Q1
35:37.7 Magnet qt

D

Operation #####sis

E

F

G

35:37.8

H I

-32

0

J

0

K

0

L

359.96

M N

359.96 359.96

(o)

6581

10U

P

-20.3

Q

4460

R

8.506

S T

0 2.243

U

-38.0859

V

-1

s .45
o I{x nag_1.L_mag)

0.2Ks
[(x_mag_2.L mag)

&)

0.3Ks

B.4Ks

B.5ks

B.6ks

[(x_nag 3.0 _nag) & [{x_nag 4.L mag) o I(x_ROX.u1 ph) + I{x_RTQX1.u1_ph)

0.7Ks B.8Ks
I{x_RTQx2.u1_ph)

Tine

0.9Ks

1.8s

1.4

1.2 1.3Ks

o U{102,101)

0.1ks
U(103,104)

0.2k

8.3Ks
U(163,162) & U(104,101)

0.4
U(262,201) + U(2020,202)

0.5ks

U(203,202b) .

0.6Ks

U(204,203)
Tine

0.7Ks

w

6559.4

0.8Ks

X
I_Q_Q2
11039

0.9s

Y Z
1_Q_Q3
6585.2 Beam-ind Q2

AA

AB

> Automate the analysis of diverse circuit families
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RQX.cir (active) X QX.dat (actly
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Periodic Tests and Sanity
Checks

Sanity checks are exercised upon the

signal values at points of interest. For example:

currents during discharge and ramp up
voltages across power converters
minimum/maximum values

checking at certain points of time

> Perform periodic tests of validated circuit
models




Automation Flow > Simulate any LHC event on the fly

Plots and
Reports
generated

Signal Checks
performed b

Viewer 5%‘

\
o
steam_sdk

Analysxs

\/

Circuit csv file | o Y

] ; ]

(
 § o b ﬁl v v L Y L Y =
S ; Modify Model
Load Circuit Write : Run
|- ; ) > i . )
e iocel " Parameters ;—’ Stimulus file JUDIE N [ Hodiibdods Simulation
| Variables
) | v
i ' | 4
1! | R
1! I
| Data Analysis '
1! ]
[
L
| ]
0 g i
i
\ ! Stimulus file
| A )
. |
1 \/\
i 1
s 2 i g Diagram Key
steam models Conflguratlon
dev S file 1 FuLe
- [CJ ANALYSIS STEP
\ ~ O RESULT
| model Data
} yaml file
|
i

\_/(\

Circuit
Parameters
csv file ‘
\/\
steam
models
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Conclusion

>Simulate any LHC event on the flv 2/@%

5

>Automate the analysis of diverse circu’; Z1milies

>Perform pegriodic tests of validated circuit

models |$:| 50'
x—
V—
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