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• Mitigation against EMI/RFI noise on 

Detector cabling and Data Acquisition 

Electronics.
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• Brief overview of an IEC 61508 Neutron 

Instrument Personnel Protection Interlock 

System.



Why do we need EMI/RFI shielded rooms?

Detector Electronic Signals

Volts (V).

EMI/RFI Noise levels (dB).
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Millivolts (mV).



Background noise levels with all 

power off within R80 (TS2 Building) 

Single photon pulse (tube noise) 

directly from pre-amplifier.
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power off within R80 (TS2 Building) 

from 500kHz – 30MHz

Zoomed out view of a neutron signal 

directly from the Pre-amplifier.



All Narrowband to Broadband frequencies.

< 10kHz. Mainly AC power supplies and its associated 

harmonics.

10kHz – 10MHz. Switch mode power converters.

> 10MHz. Digital processors, Radio transmitters, 

What noise are we trying to suppress?
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> 10MHz. Digital processors, Radio transmitters, 

Mobile phones and Wi-Fi



Attenuation

• -40dB = 100:1 reduction

• -60dB = 1000:1 reduction

• -80dB = 10,000:1 reduction (high performance steel chambers)

What ratio of field strength reduction are we trying to 
achieve?
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• -80dB = 10,000:1 reduction (high performance steel chambers)

• -100dB = 100,000;1 reduction



CHIPIR LET NIMROD

Sheet steel is formed into precise 
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Sheet steel is formed into precise 
panels/pans/trays.

A twin gasket is crushed between the 
flanges.



Doors are single or double knife edge seals (good for -110dB).
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Windows are double mesh system with fully gasket surround (good for -80dB).



• Power filters.

Ventilation vents are honeycomb waveguides (good for -110dB).
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• Data and communications filters.

• CCTV systems (Fibre optic links)

(All good for -110dB).



Mains AC Power.
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All mains AC power feeds to a shielded 

room have:-

• Uninterruptible power supply (UPS).

• Double wound Isolation transformer.• Double wound Isolation transformer.

• Single phase power filter.

• Bypass switch.
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Screened Cable Trunk.

• Each trunk is 5 metres minimum length with a minimum of 2 - 90° changes of 

direction.

• Every metre ferrite tiles are installed to suppress any EMI/RFI.

• Any excess space within trunk is filled with Bronze wool and activated foam.

• All cables are fully screened and earthed.
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Testing.

Shielding standards

All screened rooms are tested to:-

• EN50147-1 – based on the MIL 
STD 285

• IEEE299- International standard 
with many test points (especially 
around the door and windows).



This type of shielding system is only part of the overall 

EMI/RFI mitigation carried out at ISIS. It will not be 

effective without exacting earthing regimes and accurate 

specification of electrical/electronic equipment with 

reduced EMI/RFI noise. 
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IEC 61508 Personnel Interlock Systems.

ISIS Design Division Electrical Engineering.



1. IEC 61508 Why?

2. Documentation

3. PPS Interlock System Overview.

a. System 1. - SmartGuard Controller

b. System 2. - Safety Relay & Key Control.

c. System 3. - Beam Off Buttons.
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c. System 3. - Beam Off Buttons.



Why IEC 61508 FUNCTIONAL SAFETY

• IEC 61508 is a technical standard that defines functional safety

design methods, technical requirements and quality assurance.

• Currently IEC 61508 compliance is not a statutory requirement.
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• HSE state that IEC 61508 compliance is recognised as “Best 

Practice”.



So what is IEC 61508?
IEC 61508 is titled "Functional Safety of Electrical/Electronic/Programmable 

Electronic Safety-related Systems".

ISIS Design Division Electrical Engineering.



The standard covers the complete safety life cycle from Concept 

through to Decommissioning.

The safety life cycle has 16 phases which roughly can be divided 

into three groups as follows:

• Phases 1-5 address analysis.

• Phases 6-13 address realisation.
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IEC 61508 Overall Safety Lifecycle Structure.

• Phases 6-13 address realisation.

• Phases 14-16 address operation.



Beamline Components

IEC61508 ICEBERG.
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Interlock Panel Components
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After the beamline PPS interlock system is commissioned and proof tested it 

will be formally handed over to Experimental/Instrument Operations. 

To guarantee that each beamline PPS interlock system continues to meet 

IEC61508, the following must take place:-

• Before each user run the PPS interlock system undergoes a short test 

sequence (door switches etc operated and verified) and the PPS software 

verification code is checked and recorded (This will be the same code as 

previously recorded) .
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previously recorded) .

• Annually a full system proof test is completed and fully documented.  

• Any modifications made to the system must to go back through the 

IEC61508 lifecycle at the appropriate level.



System 1. - SmartGuard Controller

System 3. - Beam Off Buttons.

BOBS

System 2. - Safety Relay & Key Control.





POLARIS PPS FORTRESS KEY CONTROL.

Safety 

Relay

Shutter Closed Switch 1. 

Shutter Closed Switch 2.

Radiation Low

Main Blockhouse O2.

Aux Blockhouse O2.

No Vacuum.

Shutter 

Closed.

Radiation

O2.

O2.

Inhibit 

Shutter 

Open.

Shutter 

Closed.

Main Key 

Exchange.

Release Key

No Vacuum.

Future.

Vacuum 

Interface.

Vacuum 

Pump.
VSK 1.

Inhibit Run 

Interlock.

Vacuum Key.

Blockhouse Door 

Lock Key 

Exchange.No Vacuum

Release 

Key









The End.

Questions?Questions?


