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Context Machine Protection Analysis
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Protection Functions (ESS-1089062)
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PIL = Protection Integrity Level



Context MP-SoS

PRESENTATION TITLE/FOOTER 5

Machine Protection Systems of Systems Architecture
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5 Classes of Systems in MP-SoS (ESS-0057251)

§ Local MP-related systems (Accelerator and Target)

§ MP-related proton beam monitoring systems;

§ Beam Interlock System (BIS);

§ MP-related beam switch-off actuation systems;

§ MP-related management systems.



Context MP-SoS Full System Scope 
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Context MP-SoS Fast Beam Interlock System
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Layout and scope of the Fast Beam Interlock System (FBIS)
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Context MP-SoS Operator Interface
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Machine Protection OPIs (Operator Interface)
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MPSMag

MPSVac

MPSID

SRR2B SRR3



Verification Overview & Strategy
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1
Actuator Systems – Test Reports

• Magnetron (ESS-3244791)
• High Voltage Power Supply (ESS-3244790)
• MEBT Chopper (ESS-3069798)
• LEBT Chopper (ESS-3491849) 

Beam Current Monitors - Test Reports 
• MEBT BCM 02 - ESS-3523885 
• MEBT BCM 01 - ESS-3523880 
• RFQ BCM 01 - ESS-3523883 
• LEBT BCM 01 - ESS-3175492 
• ISRC BCM 01 - ESS-3523879 

RFLPS RF-LPS System- Test Reports 
• RFQ RFLPS ESS-4017667 –
• MEBT 1,2,3 ESS-4017668, ESS-4017668, ESS-

401766
• DTL 1  ESS-401766

Slow LPS – Test Reports
• Ion Source PLC (ESS-3432635 )
• Vacuum Interlock System 

(ESS-3260648, ESS-3260650, ESS-3179273
• Quadrupole Systems (11 x Quads) (Spec ESS-

3069799)
• ID LPS Systems (up to16 devices)

• ESS-3209965 (rev 2) - LEBT FC 
• ESS-3213286 (rev 2) - MEBT FC

1. Interfacing System verification 
specifications are reviewed by MP team 
against MP requirements, performed 
by system owners. 

2. Beam Interlock systems are verified 
from interface for all systems in both 
simulation and production 
environment.

3. Subset of Protection Functions are 
tested in Final Integration Test, to test 
full chain protection functions and 
reaction times etc.   

2
BIS Systems Site Integration Testing (SIT) 

• MPSVac SIT Report (ESS-3271566)
• MPSMag SIT Report (ESS-3271572)
• MPSID SIT Report (ESS-3271573)
• FBIS SIT Report (ESS-3532799)

3
Final Integration Testing (FIT)

• MP-SoS NCL Final Integration Test 
Report ESS-3728373

1

2
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MP-SoS Final Integration Testing
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Test case 1 (Beam Disabled, verify mode change sequences, procedures and verify correct limits are set) 
− Configuration Check – Cycle through all Proton Beam Modes, using operational procedure for changing modes and verify BCM thresholds values. 

Configuration Mismatch – Create Beam Mode mismatch and check operational procedures

− Configuration Check – Cycle through all Proton Beam Destinations, using operational procedure for changing Proton Beam Destination and verify motion 
function of destinations. 

Test case 2 (Beam Disabled, verify full chain PFs, diagnostics and operational procedures)
− Scenario 1: Full Chain Tests for Magnet, Vacuum, ID, RFLPS, BCM includes timing check and Procedural elements

Test case 3 (Beam Disabled, using waveform generator to test threshold values of BCMs)
− Scenario 1, 2, 3: Verify interlock function when BCM detects Beam Mode limits are exceeded

− Scenario 4, 5, 6: Verify that BCM Interlocks if Beam is detected downstream of Proton Beam Destination

− Scenario 7: Verify that BCM for ISrc ACCT Interlocks if beam is detected when in Plasma Conditioning Mode (Waveform Generator)

Test case 4 (Beam Enabled, BCM differential tests, and actuator tests)
− Scenario 1, 2, 3: Verify that BCM Interlocks if BCM Differential limit is exceeded between 2 BCMs Phase A (With Beam)

− Scenario 4: Machine Protection actuator testing for Magnetron 

− Scenario 5: Machine Protection Actuator Testing for Choppers

Overview of MP-SoS Final Integration testing (Full Chain / Beam Testing) 
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Challenges
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ESS Facility Configuration Management based on documentation. 
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https://confluence.esss.lu.se/display/EIS/Configuratio
n+Management+for+ESS+Facility

CI = Configuration Item
CIDL = Configuration Item Documentation List
CCR = Configuration Change Request

CCR process only relevant if changes affect documents!

https://confluence.esss.lu.se/display/EIS/Configuration+Management+for+ESS+Facility


Examples
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Changes to Configuration. 
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CCR: ESS-3732221: 
Temporary hardware masking of the MEBT Chopper feedback to FBIS until 
SRR2

CCR: ESS-4089190 Rev 1
Removing the MEBT chopper as beam stop actuator until SRR3

CCR: ESS-3528829 
(Scope Change) Beam instrumentation systems in initial NCL phase - Beam 
Current Monitors 

CCR: ESS-3481590  
(Scope Change) Beam Instrumentation systems in initial NCL phases -
insertable devices

CCR: ESS-4123454 
Additional allowed beam modes in MPSID for DTL1 FC

CCR: ESS-4099584
Removing security cable between the FSU and the magnetron PS

CCR: ESS-###### 
Update MEBT Chopper PCB Interface for DTL04 conditioning 

CCR: ESS-4224098
Sector gate valves need to be temporarily masked for an initial phase of 
SCL conditioning and operation.

CCR: ESS-3999230 
change of the allowed voltage range (on the HV platform) for beam 
extraction



Challenges
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Non Conformities (PIL = Protection Integrity Level of Protection Function)
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• Non Conformity: 10225 = MEBT Chopper not operational as beam stop actuator
Since the MEBT chopper is not operational as beam stop actuator, PIL 1 can not be reached for the fast protection function (less than 3 us).
see "ACT COMB 5 - LEBT, MEBT CHOPPER" in "ESS-2755165 - PIL Report for Actuation Systems“

• Non Conformity: 10222 = LEBT cooling not compliant with PIL 1 requirement
sensors below are not compliant with MP-MC-REQ-2 (ESS-0151690)
ACC.E02.W01.E01.BF011 (FIS-XXX) LEBT FC, ACC.E02.W01.E01.BF003 (FIS-XXX) LEBT EMU 1
ACC.E02.W01.E01.BF010 (FIS-XXX) LEBT EMU 2

• Non Conformity: 10226 = FBIS is not compliant with PIL 2 requirement

• Non Conformity: 10220 = BCM system not compliant with PIL 2 requirement



Challenges
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Managing operational limits 
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NSOI-204
Temporarily Increase Threshold on Errant Beam Detection for DTL1 
BCM from 3mA to 5mA

NSOI-208
Temporary Mask Interlock Function for DTL1 BCM Max Allowed 
Beam Current 

NSOI-205
Temporary Mask DTL1 BCM Errant Beam Interlock Function

NSOI-163
Interlock Masking for Ion Source repeller voltage, LEBT repeller
voltage

NSOI-171
Mask LEBT Collimator Thermocouple Interlock

NSOI-191
Permanently Change LEBT Repeller Threshold

https://jira.esss.lu.se/browse/NSOI-204
https://jira.esss.lu.se/browse/NSOI-208
https://jira.esss.lu.se/browse/NSOI-205
https://jira.esss.lu.se/browse/NSOI-163
https://jira.esss.lu.se/browse/NSOI-171
https://jira.esss.lu.se/browse/NSOI-191


Challenges
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Managing operational limits 
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Currently no centralised database for managing/tracking limits, excel file is used for this (ESS-3445208)



Thanks,  
Questions?
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Beam Modes and Destination 
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Beam Modes and BCM Limits 

ESS-2169873 - BCM Look Up Table for Beam Mode Consistency Checks during the ESS Normal Conducting Linac
Commissioning



Supporting Slides
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Changing Beam Modes and Destination 
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2. TDS Distributes the new “requested” 
configuration to all systems

5. FBIS Checks all systems have correct Configuration or inhibits beam, 
and that all Beam Permits are OK for Destination or Interlocks beam. 

3. BIS Systems check status of all input systems relevant for 
destination. PLCs Send Configured Mode & Destination to FBIS. 
(All upstream devices, all actuators)

1. Operator selects a predefined 
configuration from OPIs. Can only change 
when Beam is Stopped
( Requested Beam Mode (BM) and Beam 
Destination (BD)

4. BCM system updates thresholds for ACCTs based on 
new “requested” configuration (Hardcoded). Sends 
Configured Mode & Destination to FBIS and removes 
Beam Permit if Beam is outside the limits, 
(Values are based on look up tables)

1

2

3

4

5

3



Supporting Slides

PRESENTATION TITLE/FOOTER 20

Protection Functions

2022-10-11

BCM, BPM, BLM

RF-LPS, VVF, Collimators

Target phase sensors

ISrc, PSS, TSS, MEBT ch

VVS, Magnets PC, ID

Position switches,
Cooling sensors


