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Electrical Circuit
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The available 

current is non-

linear with trèfle

resistance due to a 

voltage divider with 

the pull-down 

resistor in parallel to 

the input impedance 

of the PLC module.

Rtrèfle~1 kΩ

Thermo-switch 

normally closed

• When thermo-switch activates (opens), the current goes to the trèfle in parallel to it. The 
trèfle latches and even if the temperature increase disappears, the trèfle keeps the position 
until is manually reset.
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Original TREFLE – reverse engineering
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TREFLE design
▪ Triggering by the rotation of a rotor induced by a current through a 

solenoid

▪ Millinewtons force to rotate.

▪ Friction based design to hold rotor in open position

➢ Friction high to keep position open

➢ Friction low to make sure it triggers

Friction can be adjusted based on current (calibration process)

➢ Max friction: 12.5 mA (used for magnetization)

➢ Nominal friction: 9 mA 

➢ Min Friction: 6 mA

▪ Good mechanical position required for rotor in radial and height for 

optimum performance (assembly process)

▪ No play allowed (assembly process)
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Current seen by the trefle

Design made for 9 mA nominal 

(safety margin)
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Coil Specifications
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• Coil Support: Injection-moulded 
PA6.6GF30Dimensions: 14×14×23.5 mm with Ø5 
mm hole

• Winding Wire: Copper enamelled wire, Ø0.0710 
mm Polyurethane P180, Class 180 (IEC 60317-
51), Grade 1

• Specs:10,500 turns~135 ampere-turns at 19.5 V

• Resistance: 1500–1580 Ω (Avg. 1515 Ω @ 20°C, 
based on PC1002464)

• Cabling: 14.5 cm of insulated flat double cable 
(0.1 mm²)

• Insulation & Protection: Thermal tape Class B to 
protect winding (23 mm); Extra tape to secure 
external cable
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Materials 
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Reset ring (Reset ring, 

Spring, Pins)

Face

Rotor Assembly (Rotor 

core, Leafs, Compass 

rod, Ears) 

Main Body

M3 Nut 

C bars

Glass disc

M2

• Main Body, Reset ring, Leafs, Lears, Face 
– ABS Plastic

• Rotor Core – Brass CW713R -
CuZn37Mn3A12PbSi

• C bars – Steel with coating 

• Compass rod– Steel with coating 

• Shield – Stainless Steel 301

• Latch - Kanthal

• M2 screws – Stainless Steel 316

• Glass disc – Makrolon polycarbonate

Latch

Shield

Coating – Zinc electroplating (blue), 
Thickness 15um
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Rotor position
• Sensitive to position

• Needs to be stable and 

accurately positionedAdjustable 

Set screws

Metal rotor
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Reduced friction 
on rotor Custom made pointed 

screws in St steel to 

reduction friction to brass 

rotor.
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• Tolerances were an issue on 

Polymer parts

• Tapped holes improved

• New machines procured by 

TE/MSC

• Quality gate

• Good results so far

Plastic components
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Material choices

• Risk of corrosion

• Galvanic coupling

• Metalography on current 

operation trefle

• Identification of materials and 

application of equivalent grades 

to new Trefle

• Brass / St steel
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Documentation
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Assembly and 

calibration manual

Edms: 3141021

3D printing guide

Edms: 3166266
3D printing quality checks

Edms: 3166380

https://edms.cern.ch/document/3141021/2
https://edms.cern.ch/document/3141021/2
https://edms.cern.ch/document/3141021/2
https://edms.cern.ch/document/3166266/1
https://edms.cern.ch/document/3166266/1
https://edms.cern.ch/document/3166380/3
https://edms.cern.ch/document/3166380/3
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Conclusion
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Trefle is robust if all the steps are fulfilled correctly:

• Production within tolerances (geometry, coatings, material specs)

• Inspection steps and quality gate respected (metrology, NDT, quality gate manual)

• Assembly and calibration procedure strictly followed (documentation provided)

Results don’t take into account the following: 

• Performance after ageing and radiation tests

• Performance after Reverse polarization effect



home.cern
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Trefle device
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• Electro-mechanical visual indicator for SPS magnets and the design is based on friction. 
Each one is activated by a thermo-switch. One cable line contains ~50 couples of thermo-
switch+trèfle in series. If one is activated, the control room receives a signal, but the exact 
location needs to be checked on site by identifying the activated trèfle.
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Trefle Coil

6/6/2025 TREFLE: Concept and Design 17

• Coil 10,000 turns, wire diameter 0.06 mm, DC 
resistance 1.84 kΩ

• Voltage 12V (current 6.5 mA) / (further tested 
successfully with 9V and 7.5V, worked but 
unreliably with 5V)


