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Inner Triplet BPM Design Overview
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BPM Body Manufacturing
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1. Material: CERN material spec. 1001 for 
1.4429 round, forged blanks

2. Strict tolerances
3. Machined ConFlat interfaces
4. Octagonal shape (electroerosion wire cutting)
5. Copper electroplating 0.1 mm (with gold flash 

for adhesion)
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CF – machining results (best – ball mill 0.6 mm) EE-wire cut, Ra3.2

Gold strike and Copper plating
BPM Proto, ACC
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BPM Body Manufacturing – mock-up in 180
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BPM Transitions Manufacturing
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inserts, cutting and forming of 
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quality control
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LHCBPMQST_B0003

LHCBPMQST_B0004

Electron-
beam welding

• CERN material spec. 2000 
for Oxygen-Free Electronic 
copper sheets – transition 
parts

• CuBe 17410 – electric 
contacts

• Electrical contacts are 
supplied in form of 600 mm 
strips

Transitions for test BPM

https://edms.cern.ch/document/2053318/0
https://edms.cern.ch/document/2053328/0


BPM Cooling Link Manufacturing
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Weld interface plate and cooling strip Braze interface plate-cooling strip subassmbly to the tungsten absorber Quality control Packaging

1. Tungsten absorbers will be supplied by the TE-VSC (40 received) 
2. Copper strip and interface plate are welded (ultrasound welding)
3. Then the strip-interface plate subassembly is brazed to tungsten block

1
2

3

(1) Tungsten absorber
(2) Copper strip
(3) Interface plate (is laser-welded to the cooling tube)

CERN Workshop has developed the manufacturing process which will be used to produce 100 pcs. subassemblies

The subassemblies are then 
welded to the cooling tubes of 
the BPM body



BPM Electrodes Manufacturing
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ACc Packaging

• Iterative design, several prototypes have been manufactured
• Strict tolerances
• Material: CERN material spec. 1000 for 1.4429 round, forged round bars 



Scope of work at CERN and BINP
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Scope of work is covered by two engineering specifications:
• Scope of work by BINP
• Scope of work by CERN (including MME workshop, commercial components procurement, operations done at 

CERN, assembly and testing)

Scope of work (BINP) 
https://edms.cern.ch/d
ocument/2387693/1.6

Scope of work (CERN) 
https://edms.cern.ch/d
ocument/2338015/1.2

https://edms.cern.ch/document/2387693/1.6
https://edms.cern.ch/document/2338015/1.2


Scope of work at CERN and BINP
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BPMQSTZB - LHCBPMQSTZB0001   x22

• Assembly of the BPMs will be performed at CERN

• Assembly of tungsten absorbers with cooling links and

interface plates will be done at CERN (MME has a process

used for Beam Screen, they can do 100 pcs. for us)

• All the raw materials will be purchased by CERN and

shipped to BINP

• All fasteners will be purchased by CERN (no need to have

them in BINP as assembly will be done here)

• Commercial components (electrical feedthroughs, CF gaskets,

RF springs, electrical contacts) will be purchased by CERN

• All machining work will be done by BINP

• Electron-beam welding of transitions will be done by BINP

• Copper coating of bodies will be done by BINP

• Preassembly of bodies and transitions - BINP

• Amorphous carbon coating  at CERN



Scope of work at CERN and BINP
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Quality Assurance
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https://edms.cern.ch/document/2005150/2.5 - LHCBPMQSTZB0001 - BPM INNER TRIPLET Type B
https://edms.cern.ch/document/2370344/1.5 - LHCBPMQSTZA0001 - BPM INNER TRIPLET Type A
https://edms.cern.ch/document/2370347/1.5 - LHCBPMQBCZA0001 + LHCBPMQBCZB0001 = BPM INNER TRIPLET D2

• CERN drawings are released (control 2)
• Three drawing folders with final drawings are in “HL Engineering Check” Status

• BINP also verified the drawings and provided feedback. No major comments 
submitted

• BINP will produce their drawings based on CERN drawings, and CERN will approve 
them before starting the production

• CERN procedures exist (or in preparation) for: Welding, Cleaning, Copper and gold 
coating, Leak tests, Amorphous carbon coating

• The quality management is performed in collaboration with HL Quality Team (Hector)
• The BPM items have been created and stored under the EDMS node:

https://edms.cern.ch/project/CERN-0000175704
• MIPs are created for all types of components with control points identified
• There are MIPs for BINP which are linked to higher-level MIPs as per scope

distribution between CERN and BINP

https://edms.cern.ch/document/2005150/2.5
https://edms.cern.ch/document/2370344/1.5
https://edms.cern.ch/document/2370347/1.5
https://edms.cern.ch/project/CERN-0000175704


Quality Assurance
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Quality Assurance
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Quality Assurance
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Qualification tests planned in BINP:

• ConFlat Geometry Machining + Quality Control + Leak Test
• Gold and Copper coating quality with use of witness piece (tube)

CERN raw materials tracking in BINP:
• BINP shall define a stock control program for all materials. 
• All materials shall be kept locked in a particular room exclusively 

devoted to this aim. 
• Access shall be limited to a named QA officer. 
• All materials entering or leaving this stock shall be permanently 

marked and logged by the QA officer and recorded in the 
corresponding certificates such that full traceability from CERN to 
each finished component is ensured.

• Tracking with CERN asset management.



Tooling
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Status of CERN Pre-series

Dmitry Gudkov 17

• Machining is in progress. 
• Ready for next operations as per production plan – Q1 2022.



Conclusions
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• SY-BI is working closely with HL-LHC Project office to refine processes and
documentation for CERN-BINP collaboration in alignment with HL-LHC Quality Plan

• SY-BI together with CERN EN-MME Workshop elaborated an optimized
manufacturing processes to achieve the best quality of BPM components

• SY-BI have re-started the technical discussions with the BINP on planned
manufacturing of the BPM components – catch-up every 3 weeks (E. Pyata, A.
Krasnov, T. Bedareva)

• The CERN Pre-series is well advanced. The work will be continued in 2022 by EN-
MME, SY-BI and TE-VSC

• Many tools to be designed and manufactured. The design for most of them is in
progress

• Overall, the manufacturing process of all the components and assemblies is well
understood due to manufacturing studies and prototypes
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Thank you for your attention!



Quality Assurance. Future actions
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 BINP should have access to MTF (1 person should be managing
BINP quality documentation)  someone from BINP workshop?

 This person should be trained on using MTF: HL-LHC P.O.
provides such a training

 MIP, Spec. and drawings will be sent to BINP for the
manufacturing processes validation. In case BINP wants to
change MIP or drawings, these changes should be validated by
CERN before manufacturing can start

 BINP can create their own drawings based on CERN drawings,
however the quality control will be performed based on CERN
drawings


