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Motivation
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➢Simulate any LHC event on the fly

➢Automate the analysis of diverse circuit families

➢Perform periodic tests of validated circuit 
models



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

Outline of my talk
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• 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

What is STEAM? ?
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XYCE                                                    PSPICE

• Xyce (zīs, rhymes with      
“spice”) 

• Open source, SPICE-
compatible, high-performance 
analog circuit simulator

• Developed by Sandia National 
Laboratories, USA

• Fully functional analog circuit 
simulator

• Supports digital components

• Integrates system-level 
interfaces with electrical designs
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A. Validation of existing circuits 

B. Making models of all remaining circuit types

C. Verifying circuit-specific models

D. Improving model (A continuing process…)

All these steps have been successfully applied for all circuit types of all the 8 circuit families.

ABCD analysis strategy for all circuit families
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Snapshot
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Steps A, B and C



LHC Circuit Families : The Eight Planets
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IPD

RQX
RQ

600 A

80-120 A

60 A

IPQ

RB



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 apertures)

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                                           
hierarchical sub-modular structure for the PC.

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.
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Improvement 1: Coil Resistance Interpolation

The Coil resistances used for interpolation are 
derived from earlier work of PSPICE-LEDET 
co-simulation by the STEAM team. (Thanks 
Marvin!)

Lumped-Element Dynamic Electro-Thermal 
(LEDET) model includes non-linear dynamic 
effects such as the dependence of the 
magnet’s differential self-inductance on the 
presence of inter-filament and inter-strand 
coupling currents in the conductor.
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Coil Resistance Interpolation
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PSPICE 

Once the coil 
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 
be fine tuned, like 
how many 
magnets and 
apertures are 
there, what time 
offset should be 
used, etc.



Improvement 2 :Stimulus File Generation

Once we have the interpolated coil resistances, 
we can feed that into our next step of stimulus 
(.stl) file generation.

R_coil_1_M1 in the adjacent image acts as an 
external stimulus to the parametrized magnet 
component in the magnets library file.

This way of using interpolated coil resistances 
to determine exact stimulus for the 
parametrized magnet helps us with automation 
of simulations of very different magnet types.

Thus, we replace the magnet component to 
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 analytical equation, as described below
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LHC Magnet circuits, 

Powering and 

Performance Panel (MP3)

Repository

Fast Power Abort (FPA)

Circuit Events

Produced by SigMon- Signal Monitoring 
project

Where do we begin?             What do we begin with?
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Simple csv file 

All relevant information about that 
particular FPA event for a particular 
circuit

Including ramp rate, acceleration, 
plateau duration, type of quench, 
position in the magnet, date, time etc.



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 
quench dictionaries as done for magnets

Synergy between analysis of magnets and circuits
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Simulation Plots: RQX
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A closer look…
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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

Periodic Tests and Sanity 
Checks

18



Automation Flow
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Conclusion
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➢Simulate any LHC event on the fly

➢Automate the analysis of diverse circuit families

➢Perform periodic tests of validated circuit 
models 50%

95%

50%




