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MSS

Protects all LHC experiment magnetsProtects all LHC experiment magnets
ALICE

Warm Dipole and Solenoid magnetsWarm Dipole and Solenoid magnets
ATLAS

Cold magnets – Barrel Toroid, End-caps, Central Solenoidg , p ,
CMS

Cold magnet – Solenoid in 5 yokes
bLHCb

Warm Dipole
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MSS

Stored energyStored energy
MSS must protect the magnets against its own 
stored energystored energy

Q hQuench
MSS must protect the magnets against 
quenches (ATLAS and CMS)quenches (ATLAS and CMS)
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MSS

Stored energyStored energy

Energy in magnetic field:
E = ½ x L x I2
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MSS

Stored energyStored energy

Energy in magnetic field:
E = ½ x L x I2

ALICE Dipole: 6 kA,  1 H => 18 MJ
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MSS

Stored energyStored energy

Energy in magnetic field:
E = ½ x L x I2

ALICE Dipole: 6 kA, 1 H => 18 MJ
ATLAS: 20.5 kA, ~7.3 H=> 1.6 GJ
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MSS

Stored energyStored energy

Energy in magnetic field:
E = ½ x L x I2

ALICE Dipole: 6 kA, 1 H => 18 MJ
ATLAS: 20.5 kA, ~7.3 H=> 1.6 GJ
CMS: 20 kA, ~13 H => 2.6 GJ!

=> Melts 18 tons of gold
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MSS

Stored energyStored energy

Energy in magnetic field:
E = ½ x L x I2

ALICE Dipole: 6 kA, 1 H => 18 MJ
ATLAS: 20.5 kA, ~7.3 H=> 1.6 GJ
CMS: 20 kA, ~ 13 H => 2.6 GJ!

=> Melts 18 tons of gold
=> ~ 650 kilo of TNT

2009-02-17 PH-DT-DI

 650 kilo of TNT



MSS

QuenchQuench
Training quenches

Magnet system settlingMagnet system settling

Spurious quenchesSpurious quenches
< 1 mJ to quench

l l l l / d kAlarm level: 1 volt/1 second =>20 kW
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Why?y
How?
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MSS

The purpose of the MSS is to detect anomalies endangering the safety of the 
magnet and to take appropriate action in order to bring the magnet into a safe 
state. 

Maximum availability/reliability
Dedicated sensors
Multiple detection techniques/Overlapping sensors
Redundancy
G l i I l tiGalvanic Isolation
Fail-safe operation
Common Hard-ware – Software (!) 

ALL problems must be detected!
NO false problems may be detected!
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MSS

Measurement methods:Measurement methods:
Voltage?
T ?Temperature?
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MSS

Voltage measurements?Voltage measurements?
Yes and no…

V=-L*(dI/dt)
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MSS

ATLAS 
Electrical 
Circuit
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MSS

Voltage measurementsVoltage measurements
Yes and no

V=-L*(dI/dt)

Long ramp timesg p
Noise?
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MSS

Voltage measurementsVoltage measurements
Yes and no

V=-L*(dI/dt)

Only for bus-bar protection (no y p (
inductive component)
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MSS

Temperature measurementsTemperature measurements
Yes, but…
Many channels neededMany channels needed

CMS: 200 channels initially

ALICE: 168 channelsALICE: 168 channels

Mostly for bus-bar protection (CMS-ATLAS)
Main protection in ALICE and LHCbMain protection in ALICE and LHCb 
(Thermoswitches)
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MSS

BridgeBridge 
Measurements

Used in:
ATLAS BT - ECT – CS
CMS
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MSS

BridgeBridge 
Measurements
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MSS – ATLAS ¾ Bridge Connection

P
O

T
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MSS – CMS Bridge Protection
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MSS

Overlapping sensors?
Multiple detection techniques?
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MSS –Supra-Quench Detection (SQD)

Used in ATLASUsed in ATLAS 
only
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MSS – Differential Detection

2009-02-17 PH-DT-DI



MSS – ATLAS BT Differential Detection

2009-02-17 PH-DT-DI



MSS – CMS Differential Detection
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MSS

Problem detected! What now?
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MSS

Problem detected! What now?

ALICE Dipole and SolenoidALICE Dipole and Solenoid
LHCb

Cut Power Converter
Diverse status signalsDiverse status signals
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MSS

Slow Dumps:
For all machine related signals (MCS, Cryo, Vacuum..)For all machine related signals (MCS, Cryo, Vacuum..)
For minor magnet measurement signals (sensor faults..)
Emergency Stop in local control room and racks
Emergency Stop in ACR

Fast Dumps:
F ll i t tFor all serious magnet measurements
Emergency Stop in local control room and racks
Emergency Stop in ACR

Difference: 
L/R
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τ=L/R



MSS

CMS
Electrical 
Circuit

Operator

RSD=2 mOhm
RFD=30 mOhm
VFD!
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MSS

ATLASATLAS 
Electrical 
CircuitCircuit
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MSS

ATLASATLAS 
Electrical 
CircuitCircuit
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MSS

Fast Dump
Then what…

Noise?
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MSS

Fast Dump
Then what…

Cryogenics recovery!
ATLAS 4-5 daysATLAS 4 5 days
No false quench detection!

MDS analysisMDS analysis
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Magnet Safety System

Why?y
How?
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Information
CERN
Power

3 sources

Information
Exchange MSS

Power Supply/
B tt iBatteries

MSS

Magnet
Emergency

Stops

Circuit

Redundant
power

E-stops

MSS
Sensors

Sensor

Status

MSS
Monitoring

Circuit
Breaker

Open

Status

Chassis status,
cable trace, etc...

Remote reset
Status

Sensor
values

Quench
Heaters

MSS
ACS/LCS/API/APC

MCS

Inhibit

Fault

TriggerStart-up test,
operator SD, etc...

Events values

Power
Converter

MSS
Annunciator

Status

Status

Isolate

Status

Events, values...

SD,
inhibit...

Current status,

Vacuum

DSS Cryogenics

MSS
equipment

dump status...
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Block

Analog sensor inputs.
Unique sensors - Directly cabled

16 channels/chassis

Block
Diagram

Redundant power input
Chassis monitoring/reset

ACS - Analog Chassis System
8 Dual Channel Cards + Analog Outputs

ACS: Analog Chassis System

Warnings/Alarms
from signal conditioning
modules

Analog copies of
sensor values.
To MCS-Annunciator

Digital
copies of warnings/
alarms.
To MCS-Annunciator

ACS: Analog Chassis System
LCS: Logic Chassis System
APC: Application Control
API: Application Interface

Redundant power input
Chassis monitoring/reset

LCS - Logic Chassis System
2 Sections: 4x16 Input Cards/1 Hard-wired Logic Card per section.

Total: 128 Inputs

ou
tp

ut
 s

ig
na

ls

co
m

m
an

d 
si

gn
al

s

LCS input signals.
64 inputs
1 DCS section

H
LM

 o

D
um

p 
c

API/APC - Application Interface and Control
Interface between MSS and application.

Max 3 DCS
Emergency Stops Safety

relaisMax. 3  DCS

2009-02-17 PH-DT-DI

External application
signals.
Dry-contact inputs

Actuator signals for
Power Supply-Circuit
Breakers, etc.
Safety relay output

MSS output signals.
Opto-coupled/relay
outputs



TypicalTypical
Rack
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MSSMSS
Block Diagram – Analogue Module

Isolation     amplifierOver-voltage protection Filter
1600 Hz-6 dB/oct Instrumentation amplifier

2 kV isolation

Positive Voltage
Input
Negative Voltage
Input

Off-set adjustment

Main analogue signal
0- +/-10 V

for GainxV in

Current source

Current Out

Current In

Power supply Fuses

Buffer
0 - +/-10 V

Front-panel
output

Active filter
10 Hz-12 db/Oct

Power
In

Monitoring

Dual bi-level voltage D l d ti di i i t O t l
Warning Output

Buffer
0 - +/- 10 V

To multiplication
module - AOM

Card Monitoring/ M d l ti

Cable
Trace Monitoring

Module Dual bi level voltage
discriminator Dual duration discriminator Opto-couplersCard Monitoring/

Status Memorization Front-panel
status indications

Reset

Manual
R t

Reset

Alarm Output

Common Hard Dump Output

Mode selection

Overrange/
Front-end
fault
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Decoupling

Opto-couplers
Warning OutputOn-board

test
connections

Latch Reset circuit

Reset

Dual memorisation
Front-panel

status
indications

Remote
Reset

Alarm Output



LCSLCS
Block Diagram

DIM: Digital Input Module
HLM: Hard-wired Logic ModuleHLM: Hard wired Logic Module
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Input
protection/ Filtering/

Analog level
Surveillance by over-range

Analog Module

Time

Level fail-safe
Opto normally ON

Level fail-safe
Opto normally ON

Cable fail-safe.
If cable is
dismounted, all
alarms/warnings
are active.

Fail-safe
Galvanic isolation:

> 2 kV

Cable trace

protection/
Signal

conditioner
Sensor input

g
Voltage

discrimination

Time
discrimination

Over-range

Power

Cable
trace

Analog
outputs

Monitoring
system

Module
fault

Level fail safe
Digital Input
M d l

Hard-wired Logic Module.
S d ti t h

MCS/
Annunciator

LCS-Logic Chassis System

Level fail-safe
Opto normally ON

Module

Digital

Level fail-safe
Opto normally ON

Second section not shown.

Monitoring/

Clock ALTERA

Digital
outputs

Monitoring/
Cable trace

Monitoring
system

Monitoring

MCS/
Annunciator

API/APC-Application Interface

Cable fail-safe.
If cable is
dismounted, fast
dump is initiatedand Control dump is initiated.

Monitoring/
Cable trace

Monitoring
system
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Fail-safe
Relais normally
ON

MCB, CP, CR,
etc.



MSSA-B - ATLAS
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MSS – System Summary - MSSA
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MSS – HEC
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System summary - ATLAS

ATLAS:
8 Racks / 24 analogue chassis / 12 digital chassis
Analogue sensor channels (ECT-AC BT and CS)Analogue sensor channels (ECT-AC, BT and CS)

Bridges: 24
Voltages: 28
SQD’s: 36
Temperature: 40Temperature: 40
Differential: 8

_____
136

Digital inputs / outputs: 1024 / 64

HEC – Heater Energisation Circuit
Heater channels 64
Monitoring channels: 128
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System summary - CMS

CMS:
2 Racks / 4 analogue chassis / 2 digital chassis
Analogue sensor channelsAnalogue sensor channels

Bridges: 5
Voltages: 20
Temperature: 8
Differential: 5Differential: 5

_____
38

Digital inputs / outputs: 256 / 32
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System summary – ALICE - LHCb

ALICE:
1 Rack / 0 analogue chassis / 2 digital chassis
Digital inputs / outputs: 256 / 32 

LHCb:
1/2 R k / 0 l h i / 1 di it l h i1/2 Rack / 0 analogue chassis / 1 digital chassis
Digital inputs / outputs: 128 / 16 
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MSS

M
S

S?S?
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MSS

Mine 
iS not to reason why;

mine iS but to do or die!mine iS but to do or die!
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MSS

M
S

S?S?
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MSS

More 
Salary

!to this particular Staff member!
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