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BIFROST Motion Safety System
- Implementation and Left to Do



BIFROST Motion Safety

▪ 3 risks in the IHA 

identified for 

operation, 5 other risks 

for maintenance.

▪ Maintenance risks are 

mainly in areas not 

accessible to user 

personnel.

▪ Transferred to Motion 

Safety WU of CMCA

Instrument Hazard Analysis & Handover to Motion Safety
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Motion Safety at BIFROST
Areas: Cave

2025-12-05

▪ Accessibility:

− Bottom floor

− Elevated floor

− Top floor

− All PSS controlled

▪ Main Hazards:

− A: Detector Tank 

Motion

− B: Sample 

Positioning
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Motion Safety at BIFROST
Safety Output Groups (SO)

2025-12-05

▪ SO1:

− Axes of this output group are 
identified as non-hazardous for 
operational users because they are 
behind guards or inside (vacuum) 
housings etc.

− Special procedures for maintenance 
apply.

▪ SO2:

− Axes of this output group are 
identified as hazardous for 
operational users.

− Linked to special Safety function.

− Covers also maintenance scenario.

− Special procedures apply when 
maintenance work makes it necessary 
to override these safety functions.
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Motion Safety at BIFROST
Safety Functions (SF)

2025-12-05

▪ SF1: Motion E-Stop

− Stops all axes in the cave grouped in both 

SO1 and SO2 except pneumatic axes 

(Get-lost-tube)

▪ SF2: PSS Access

− Stops all axes in the cave identified as 

hazardous and grouped in SO2

▪ SF3: Cave Pendant

− Overrides SF2 and enables all axes in SO2 

for a defined time (currently 2 min); re-

triggerable
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Motion Safety at BIFROST
Implementation
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Validation
SS-EN ISO 13849-2

2025-12-05

A. ESS-5467337 - Motion Risk Analysis of 

Neutron Instruments.

B. ESS-1798247 - TBL Table-of-Motion 

(sheet 3).

C. ESS-5944747 - Design Verification 

Calculation (SISTEMA) for BIFROST 

Motion Safety 

D. ESS-5937539 - Motion Safety 

Validation Plan for BIFROST           

ESS-5944161 - Motion Safety 

Validation Report for BIFROST
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Validation
Validation Test Plan / Validation Test Report
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Validation test has been 

passed and approved.
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Motion Safety at BIFROST
Exclusions

2025-12-05

▪ MCC1:

− Instrument Shutter (Pneumatics, behind shielding walls > access only for maintenance, trained 

personnel, LOTO, RAMS)

▪ MCC2:

− Attenuator in-beam positioner (Pneumatics, behind shielding walls > access only for maintenance, 

trained personnel, LOTO, RAMS)

− Miniature Piezo Actuators for the Sample Slit system (slow speed, low force: < 5N)

▪ MCC3:

− Get-Lost-Tube positioner (Pneumatics, in cave, accessible) >> To do list
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Motion Safety at BIFROST
Left to do

2025-12-05

▪ Cave Pendant: 

− Currently first design version installed; without indication and operator stop button

− Requires a skilled user to operate and understand the status.

− Shall be replaced by the new version (LOKI) for more convenient operation before BOT.

▪ Get-Lost-Tube positioner

− Currently no guards; unexpected and fast motion may occur when using the LOTO procedure.

− In combination with the positioning of the detector tank motion may be automatically initiated (for 

anti-collision purposes)

− Requires a skilled user to operate and always a RAMS/LOTO when the cave is accessible and 

maintenance work in the vicinity of the tube is done.

− This is good enough to continue commissioning, but for ORR there needs to be a re-evaluation of the 

hazards and mitigations in place: Guard, standard control and possibly inclusion in the safety functions.
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Motion Safety at BIFROST
Reference Documents

2025-12-05

▪ ESS-1075596 - BIFROST Instrument Hazard Analysis (IHA)

▪ ESS-5467337 - Motion Risk Analysis of Neutron Instruments

▪ ESS-1798247 - BIFROST Table-of-Motion, sheet 3

▪ ESS-5493491 - BIFROST Motion Control System – System Block Diagram

▪ ESS-4934946 - BIFRO Motion Control 3 ePlan

▪ ESS-5450586 - System Design Description - BIFROST Motion Control System

▪ ESS-5944747 - Design Verification Calculation (SISTEMA) for BIFROST Motion Safety 

▪ ESS-5580458 - Electrical inspection BIFROST MC Cabinets

▪ ESS-5936122 - MCA Self-Inspection Report for BIFROST Motion Control

▪ ESS-5501020 - Inspection and Test Report for BIFROST Motion Control (Electrical)

▪ ESS-5937539 - Motion Safety Validation Plan for BIFROST

▪ ESS-5944161 - Motion Safety Validation Report for BIFROST

▪ ESS-5669198 - Operation Manual - MCU5001: 16Ax. Motion Control Cabinet
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Motion Safety at BIFROST
Applicable Directives and Standards

2025-12-05

▪ EU Directive 2006/42/EC (European Machinery Directive)

▪ Replaced by: Regulation (EU) 2023/1230 of the European Parliament and of the Council of 14 
June 2023 on machinery

▪ SS-EN ISO 12100 Safety of Machinery – General Principles for design – Risk Assessment and 
Risk Reduction

▪ SS-EN ISO 13849 Safety of Machinery – Safety Related Parts of the Control System (Parts 1 
and 2)

▪ SS-EN ISO 13850 Safety of Machinery - Emergency stop function - Principles for design

▪ SS-EN EN 60204-1 Safety of Machinery – Electrical Equipment of Machines

▪ SS-EN 61800-5-2 Adjustable Speed Electrical Power Drive Systems Part 5-2: Safety 
Requirements - Functional
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Thank You!

2025-12-05



Additional 

Information

10



Safety Requirements Specification
Table-of-Motion, Sheet 3

2025-12-05

Axes 

listing

Axis 

description
ConHaz 

ID

Risk assessment & 

Treatment for Operation

Risk assessment & 

Treatment for Maintenance
E-Stop

Bunker 

Area

Cave 

Area
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Safety Requirements Specification
Evaluation

2025-12-05

ConHaz 

7 + 20

Bunker 

Area

Cave 

Area

Operation Maintenance
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Risk Analysis & Treatment

▪ Limits of System

1. Area: Motion Safety focusses on areas accessible to instrument users (typically in the cave).

2. Life phases: Experiment Setup & Local Maintenance considered.

ESS-5467337 - Motion Risk Analysis of Neutron Instruments

2025-12-05

ESS-5467337

BIFROST ISRR - MOTION SAFETY



Risk Analysis & Treatment

▪ Simplified approach for hazard analysis and mitigation.

1. Motion Safety focusses on areas accessible to instrument users (typically in the cave).

2. Only two levels defined following the severity path; required Performance Levels a/b and c/d.

ESS-5467337 - Motion Risk Analysis of Neutron Instruments

2025-12-05

ESS-5467337
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E-Stop Design

▪ Modularity: Define different areas; match the area with the respective control cabinets; 

this includes standardised circuits in the cabinet and and a Master/Slave hierarchy 

between (if applicable).

▪ Scalability: A scalable number of fixed installed E-Stop buttons + one Reset button in the 

areas accessible to normal users (i.e. the cave).

▪ Performance Level d as a matter of principle.

▪ Currently Stop Category 0 (STO); design work is ongoing for Stop Category 1 (SS1).

Design Principle
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E-Stop Design

Principle: Contactors are cutting power 

to the stepper motor drives

Performance Level d: How to achieve?

▪ Safety Relay

− 2 channels

− With detection of shorts across contacts

− With detection of shorts to Earth

▪ Safety contactors

− Siemens safety contactor type 3RH2262-

2BB40

− 2 in series

− NC contact in feedback loop

Design of E-Stop Circuit

2025-12-05

EL7041

BIFROST ISRR - MOTION SAFETY



E-Stop Design
Master / Slave

2025-12-05

KF1 23

24

S11

S21

S22

EC1

S12

KF2
S11

S21

S22

EC2

S12

E-stop input

▪ Dual-channel operation with detection of shorts 

across contacts.

▪ Earth fault detection in circuit.

▪ Reset with falling edge

Slave input

▪ Dual-channel operation with detection of shorts 

across contacts.

▪ Earth fault detection in circuit.

▪ No special cable necessary (just shielded)

▪ Auto-Reset

33

34

23

24

33

34S34
Q1

RESET
Q2
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Design Verification
Functional Verification – Test Bench
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Design Verification
SISTEMA calculation

2025-12-05

The SISTEMA analysis for the Motion Safety –
E-Stop Circuit has been successfully completed 
according to EN ISO 13849-1:2023 and ISO 
13850:2015.

▪ The required Performance Level determined 
by the risk graph was PLd, with a calculated 
PFH = 1.45E-7 [1/h]; PLd was achieved.

▪ All subsystems (Pilz E-Stop Boxes, Pilz PNOZ 
relay, and Siemens SIRIUS contactor relays) 
demonstrated compliance with relevant 
requirements for Category 3 or 4 
architectures, with high MTTFD values, 
diagnostic coverage ≥ 90%, and fulfilled 
Common Cause Failure (CCF) measures.

▪ No warnings or non-conformities were 
reported in SISTEMA’s evaluation.

▪ Design of the Motion Safety E-Stop function 
meets the required safety integrity level. 
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