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Detector cooling

supply lines

BPIX Detector

Length:             50 cm

Diameter:         40 cm

The CMS BPIX Phase 1 Detector – An overview
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The CMS BPIX CO2 cooling system Detector cooling pipes (halfshell)

Sensor 

cooling pipes

Supply lines for the

6 individual cooling - loops
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Detektor 

KühlrohreLoop-shorts

Inlet and Outlet

lines

The CMS BPIX CO2 cooling system Detector cooling pipes (halfshell)

40 cooling pipes

Total: 2 x 2 x 40 = 160
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Electronics

cooling loops

Cooling lines

to the detector

VCR connections

to the CO2 cooling plant

The CMS BPIX CO2 cooling system Supply tube cooling pipes (halfshell)
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The CMS BPIX CO2 cooling system Length of the individual loops

Total length: 2 x 2 x 70 m = 280 m
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Testloops – Experience made with laser welded testloops

Picture of running test - loop under pressure (200 bar)
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Testloops – Experiences made with laser welded testloops

• A test loop includes all the components of a complete BPIX cooling 

loop

• Swagelok VCR Fittings

• Custom made Mini-Fittings

• All tube sizes (Supplytube and Detector)

Experiences made with testloops

• Reliability of the individual components

• Swagelok VCR fittings - no problems found

• Custom made Mini-Fittings - no problems found

• All tube sizes (Supplytube and Detector) – no leaks found since we do laser welding
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Detector-Testloop

Testloop part 

of the Supply 

tube

Thin wall tube 0.05 mm

Smallest occuring distance in

the system 10 mm

Mini-Fitting

Swagelok 

connector

Testloops – Experiences made with laser welded testloops Testloop components
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The final BPIX cooling system - Material used

Material used for the different components

• We use the same stainless steel quality for all components

• Swagelok VCR fittings - Stainless steel 316L

• Swaglok fitting adapter - Stainless steel DIN 1.4441 (compatible to 1.4435) 

• Custom made Mini-Fittings  - Stainless steel DIN 1.4441 (compatible to 1.4435) 

• Cooling tubes - Stainless steel DIN 1.4441 (compatible to 1.4435) 

• We use the same stainless steel quality for all components

• Chemical composition
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The final BPIX cooling system - Material used

Cooling tubes made by MEDELC



14

Cooling Loop Engineering Model improvements

Number of Welding joints

We can omit the most problematic part and reduce the number
of Welding joints by a factor of two....

Notice:
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The final BPIX cooling system - Optimal bending radii

Bending tests to find the best pipe diameters to guarantee perfect bendings
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The final BPIX cooling system - Diameters of the cooling pipes
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The final BPIX cooling system - The Swagelok VCR Fittings 
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The final BPIX cooling system - The adapter parts
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The final BPIX cooling system - The custom made Mini-Fittings 

Sealing ring 
(copper) Mini-Fitting counter partMini-Fitting screw
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The final BPIX cooling system - The custom made Mini-Fittings 

Sealing ring 
(copper) Mini-Fitting counter partMini-Fitting screw
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The final BPIX cooling system - The custom made Mini-Fittings 
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The final BPIX cooling system - The custom made Mini-Fittings 

Sealing ring 
(copper)

Mini-Fitting screw

Mini-Fitting counter part
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The final BPIX cooling system - Laser welding quality control

Quality control of the laser welding

• Visual inspection after welding

• Check geometry of completed component

• Check the contour of the welding seam

• Pressure tests at 200 bar of all individual components immediately
after the laser welding
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The final BPIX cooling system - Testing of the BPIX cooling system

BPIX cooling system tests

• Pressure tests at 200 bar of all individual components immediately
after the laser welding

• Test adapter parts with Swagelok VCR fittings (before welding to the longer
thinner tubes)

• Test individual completed cooling loop parts of the Supplytube

• Test individual completed detector cooling loops

• Long time pressure tests at 200 bar of complete cooling loop
components – whenever possible

• Pressure tests at 200 bar of complete cooling system

• Pressure tests at 200 bar after integration of the cooling system
(Supplytube and Detector)
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Production of the cooling system Bending of the pipes at Huber & Suhner

CNC Bending machine at Huber & Suhner
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Detektor 

Kühlrohre

Completed set of detector supply lines

Production of the cooling system Bending of the pipes at Huber & Suhner
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EDM cutting

machine with the

installed cutting tool

Production of the cooling system EDM cutting of the pipes at Hanhart
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Production of the cooling system EDM cutting of the pipes at Hanhart

Completed set of detector supply lines
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Production of the cooling system Laser welding at Createch

Welding tool for

a layer 1 loop

Laser welding of a layer 1 loop
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Detector cooling loops of

layer 1 during the pressure

test a Createch

Test pressure: 200 bar 

Production of the cooling system Laser welding at Createch
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Production of the cooling system Laser welding at Createch

Detector cooling loops of

layer 1 during the pressure

test a Createch

Test pressure: 200 bar 
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Detector cooling loops glued

to the carbon fibre blades and

endrings

BPIX Sensor modules are

mounted to the corbon fibre

ladders

Production of the cooling system Completed detector supportstructure (Layer 1)
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Supply tube cooling pipes

installed in the welding

frame

Production of the cooling system Laser welding at Createch

Laser welding of the Supply tube cooling loops
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Production of the cooling system Laser welding at Createch

Laser welding of the Supply tube cooling loops

Welding frame installed on 

the laser welding machine
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Completed Supply tube

cooling systems after the

passed pressure test at 

Createch

Test pressure: 200 bar

Production of the cooling system Laser welding at Createch

Laser welding of the Supply tube cooling loops
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Cooling pipes

Supply tube support structure

Power - electronics

Readout - electronics

Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure
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More detailed – View 1

Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure

Mini - Fittings



3838

Detektor 

Kühlrohre

Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure

More detailed – View 2
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More detailed – View 3 

Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure
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Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure

More detailed – View 4 
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Production of the cooling system Intergration of cooling system

Integration of the Supply tube cooling loops on the Supply tube support structure

More detailed – View 5 

Mini - Fittings
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Production of the cooling system Intergration of cooling system

Completed Supply tube structure
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Production of the cooling system Intergration of cooling system

Completed Supply tube structure
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Layer 1

Layer 2

Layer 3

Layer 4

Production of the cooling system Intergration of cooling system
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Detector

Production of the cooling system Intergration of cooling system

Completed detector halfshell

Detector cooling

supply lines
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Layer 4

Layer 3

Layer 2

Layer 1

Detektor

Supply tube

Production of the cooling system Intergration of cooling system

Mini - Fittings
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Production of the cooling system Intergration of cooling system

Completed BPIX detector halfshell

Detektor

Supply tube

Supply tube
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Production of the cooling system Intergration of cooling system

Completed BPIX detector halfshell

Detektor

Supply tube
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Production of the cooling system A historical moment… Friday, February 3rd 2017

The completed BPIX detector halfshells ready for the shipping to CERN 


