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CO2 cooling developments for 

AMS and LHCb

• CO2 cooling was 1st considered in 1998 at 
Nikhef for the LHCb-Velo cooling to reduce 
the evaporator tube size.

• CO2 cooling was adopted by AMS-Tracker in 
2000 for the same reason

• For AMS a new circulation concept was 
developed based on capillary system used in 
satellite thermal control => 2PACL 

• This 2PACL from AMS has become the 
baseline for all CO2 systems at CERN so far.
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The birth of the 2PACL cycle for AMS
Derived from the capillary pumped loop system 

used for satellite cooling 

All systems so far at CERN use the 2PACL cycle developed for AMS

Initial AMS concept a 
cascade of capillary 
systems (CPL & 
Heatpipes)

Capillary pumps replaced by 
a mechanical pump and small 
tubes with CO2



From AMS to LHCb
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Requirements for tube and 

connection design

• Both AMS and LHCb CO2 piping had to be designed for extreme 
circumstances:
o Vacuum environment 

o In accessible

o Vibration due to launch (AMS)

• Extreme leak tightness requirements
o AMS is a small volume and no possibility to refill

o LHCb inside the LHC vacuum system, a small leak would be catastrophic

• Only known and robust joining technologies were chosen
o Orbital welding of standard 316L tubing

o Capillary tubing: Vacuum brazing (LHCb) / Laser welding (AMS) 

• Vacuum brazing was not an option for AMS as the process requires more 
quality control at NASA than welding 

o Connectors: Swagelok VCR (LHCb) / Dynatube (AMS)

• We were obliged to use the NASA welding method and certification.
o This method was easy and reliable and was also adapted for the construction of 

the LHCb-Velo cooling 
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NASA welding method
Selecting the right welding parameters for automatic welding
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Welding power

Not fully penetrated To much penetration Full penetration (all good welds)

Low limit weld High limit weldNominal limit weld

• The Low-Limit / High limit method is a good method to select the 
nominal welding parameters and assure that possible fluctuations 
do not bring the series welds out of spec.
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NASA welding method
Certification procedure

• Each welding type is pre-qualified with weld samples
o 5 Low limit welds, 5 nominal welds and 5 high limit welds.

o From each weld group the following tests are done to qualify the 
quality

• All visual inspection (in and outside), all should look similar

• 1 burst test (>4x design pressure)

• 1 longitudinal cut and microscopic analyses

• 3 samples for further research if needed

• Production of a series of welds
o 3 high, 3 low and 3 nominal pre welds samples.

o All process welds done at nominal settings

o 3 high, 3 low and 3 nominal post welds samples.

o The pre and post weld samples are send to NASA for inspection

• 1 burst, 1 microscopic and 1 spare for each type

o All process welds are inspected visually and compared with post 
and pre weld samples. 

o Dye penetrant tests on process welds

• Due to the automatic welding and the similarity of all welds, 
no further complex inspection of the welds is needed 

• Welding requirements are described in document PRC-
0010, Rev A, attached to the indico
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The evaporators were designed 

for welding

• Thin wall tubes in straight length were laser welded 
to a thick wall tube weld connector
o 3mmx0.2 to 4mmx0.7 (both 2.6mm ID)

• After bending and assembly the sections were 
welded together with orbital welding.

• Tube layout designed for orbital weld head access.
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AMS laser weld
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Welds were done by the Shell Technology 

Centre in Amsterdam (Shell-STCA)

Laser welded with a Haas™ Neodinium-YAG pulsed

Laser

• Laser spot welds

• Argon backing gas

• No material addition



Laser weld 

pre-qualification

1017/05/2018 B. Verlaat



Connectors in AMS
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Dyna tube fittings 15-5PH SS with 
CRES 345 SS intermediate weld piece 



AMS Orbital welding
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• CRES 316L 4x0.7 mm orbital weld

• Welded with a Swagelok/Cajon™ orbital

welding system

• Welding head: Cajon™ CWS-5H-B

• Fixture block: Cajon™ CWS-5TFB

• Collets: Cajon™ CWS-5UCI-04mm 



LHCb Velo overview
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VTCS Evaporator
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VTCS evaporator

• The VELO evaporator is inside the LHC vacuum system

• Only very reliable joining techniques allowed

• No connectors inside the vacuum system!

• Designed for orbital welding and vacuum brazing only

o Vacuum brazing Nicrobraz EL-36

o Swagelok Series 5, 4 and 8 orbital welding tools

o Welding tool space and access taken into account in 3D model

o Models of weld heads can be downloaded at: 

https://www.nikhef.nl/pub/departments/mt/projects/ams/SiTracker/ModelExchange/Orbitaal/

• Sub elements are brazed first and all orbital welded together

• The rest of the system (plant etc) made with orbital welding and VCR 

connectors (1/4” VCR and ¼” HVCR)

https://www.nikhef.nl/pub/departments/mt/projects/ams/SiTracker/ModelExchange/Orbitaal/


VTCS evaporator
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Flexible bellow containing 
capillaries and return hose

Aluminum cooling blocks

Support and 
outlet manifold

Inlet manifold and 
vacuum feed through



LHCb Velo evaporator joint overview
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A Balg assembly

A1
Ø4*0.7mm orbital weld connctors to 

Ø1x0.25mm capilairies (ca 2m) Nicro-Braz EL-36 27 54 16-14 316Ti-321 Y Y High frequency oven

A2 3/8"x0.035" return bellow flange 
3/8" Orbital weld 2 4 08-10-13 316L-316L-316L N N

Orbital head 8 series incl. Fixing 

block

A3-1
Capilairies (A1) en 3/8"(A2) feedthrough in 

flange Nicro-Braz EL-36 1 2 14-13-12 321-316L-316L Y-12-13 Y High frequency oven

A3-2
Capilairies (A1) en 3/8"(A2) feedthrough in 

flange Nicro-Braz EL-36 1 2 14-08-01 321-316L-316L Y-01-08 Y High frequency oven

A4 Outer below to A3-1 TIG-welding 1 2 04-12 316L-316L N N

A5 Base flange to A4 TIG-welding 1 2 03-04 316L-316L N N

A6 Tube on base flange TIG-welding 1 2 03-? 316L-316L N N

A7 Llength determination 

A8 Heatshield to capillary flange TIG-welding 1 2 01-02 316L-316L N N

A9 Heatshield A8 to A6 TIG-welding 1 2 02-? 316L-316L N N

A10
3/8" cajon connector with weld elbows to 

return 3/8" Orbital weld 3 6 06-07-08 316L-316L-316L N N

Orbital head 8 series incl. Fixing 

block

Orbital 10

TIG 10

Nicro-Braz EL-36 58

Laser Fixing weld 56

Total number weldings 134

B Manifold assembly
B1 27 Ø4mm pipes in ca 1m manifold with lid Brazing 1 2 Vacuum oven

C Cooling block assembly

C1

2x Ø4*0.7mm orbital weld connections to 

Ø1.5x0.25mm capilairies Brazen 27 54 High frequency oven

D Total assembly

D1 3/8" Return tube welding to manifold 3/8" Orbital weld 1 2

Retal of serie 8 weldhead with 3/8" 

fix block

D2 

Spot weld of weld connectors (A1) to 

manifold (B) TIG fixing 27 54 Hand weld

D3 

Orbital weld of coolingblock (C) assemblies 

to manifold (B)

4mm Orbitaal 

lassen 81 162

Retal of serie 4 weldhead with 

4mm fix block



VTCS assembly 

Flexible in and outlet below 
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Brazed 
capillary 
assembly

Feed through

Vacuum 
brazing

Brazed 
inlet 
manifold

Fully assembled hose

Orbital weld 
to outlet 
manifold

Orbital welds to 
cooling blocks

Capillary 
assembly in 
assembly jig

Vacuum feed 
through



VTCS assembly 

Support manifold
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Manifold parts

Machined 
manifold 
section Manifold orbital welding

(Swagelok series 8)

Manifold and 
bellow assembly

Cable and capillary channel

Manifold 
welds



VTCS assembly 
Evaporator block assembly

Manifold 
below 
interface

Cable channel with sensor cables
Aluminum 
cooling block

Assembled 
evaporator
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Cooling block orbital welding 
(Swagelok series 4) 

Capillary routing



Summary & Conclusions

• AMS and LHCB-VELO cooling was designed using professional 

joining technologies. 

• No leaks have ever been observed  in detector cooling lines

o 7 years of development experience and 10 years of underground operation

• The NASA welding method is a helpful method also for non-space 

hardware

• Philosophy of making weld connectors for orbital welding to thin wall 

piping before production worked really well 

• The LHCb Velo system will be taken out of service in LS2. 

Inspection of joints and pipes with 10 years of operation with CO2 is 

foreseen to see the effects of long term exposure
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