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Cavity Progress - Highlights 

•  Substantial progress since the last report at 
KEK 

•  Fabrication started and is well underway 
•  Current plan shows bare cavities ready to 

test by early fall 
– Coordinating delivery to CERN to minimize 

delays 

•  Cavity development in partnership with US 
industry at Niowave 
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Cavity Development in Industry 

•  Most but not all documents in the 
manufacturing readiness list were delivered 
and accepted 

•  Tested all forming steps in Copper 
–  Similar behavior to Nb 

•  Formed nearly all Nb parts 
•  Built test beam pipe assembly 

–  Measured and tested at CERN 
•  Some non compliances (being addressed) 

•  Beam pipe assemblies fabrication started 
–  Working on acceptance plan 
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Requirements for Manufacturing 
Readiness 

Due	  1	  month	  before	  start	  of	  manufacturing	  for	  CERN	  approval	  

#	   Requirements	  

1	   Niobium	  material	  samples	  according	  to	  Sec<on	  3.2	  

2	   Material	  cer<ficates	  and	  quality	  control	  of	  raw	  materials	  (including	  RRR	  measurements)	  

3	   Material	  cer<ficates	  of	  welding	  consumables	  (whenever	  applicable)	  

4	   Func<onal	  and	  manufacturing	  drawings	  (with	  tolerances)	  

5	   Design	  reports	  demonstra<ng	  that	  welds	  are	  designed	  to	  withstand	  the	  specified	  load	  cases	  (refer	  to	  Sec<on	  3.6.1)	  

6	   Welding	  plan	  including:	  
•  Welding	  maps	  
•  Welding	  and	  brazing	  procedure	  qualifica<on	  record	  including	  CERN	  acceptance	  criteria	  in	  Sec<on	  4.2	  (WPQR	  and	  

BPQR)	  
•  Welding	  and	  brazing	  procedure	  specifica<on	  (WPS	  and	  BPS)	  
•  Welders	  performance	  qualifica<on	  (GTAW),	  Welding	  and	  Brazing	  Operators	  Performance	  Qualifica<ons	  (electron-‐

beam	  welding	  and	  vacuum	  brazing)	  –	  WPQ,	  WOPQ	  and	  BOPQ	  

7	   Manufacturing	  procedures	  (whenever	  required	  in	  Annex	  6.3)	  

8	   Test	  procedures	  (whenever	  required	  in	  Annex	  6.3)	  

9	   EB	  welded	  and	  vacuum	  brazed	  samples	  according	  to	  the	  requirements	  specified	  in	  Sec<on	  3.8.4	  

10	   NDT	  personnel	  qualifica<ons	  

11	   Manufacturing	  and	  inspec<on	  plan	  (MIP)	  –	  list	  of	  all	  manufacturing	  and	  quality	  control	  opera<ons.	  
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Beamtube Assembly 
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NIOWAVE 
 Beam tube for Crab Cavity 

Beam tube testing at CERN 
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Dimensional Control at CERN - some 
non compliace 



NIOWAVE 

Beam Pipe Testing Summary 

Assembly and Dimensions: 
•  Some dimensions are not compliant with spec. 

tolerances 
•  The parallelism between the flange and the ring, 

and the diameter of the ring are the most relevant 
tolerances not achieved 

•  The knife edge is acceptable 

Welding and brazing: 
•  Radiographic tests were acceptable 

•  Metallurgic tests were acceptable 
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Manufacturing Tooling and Testing 

From Niowave 
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DQW – Assembly and Spec. 
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• Outer	  conductor	  halves	  
– 4	  halves	  etched,	  fixtured,	  and	  ready	  for	  weld	  

11 

DQW	  –	  Outer	  Conductor	  
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• “Top	  cake	  pans”	  
– 2	  etched,	  and	  ready	  for	  weld	  

DQW	  –	  Cavity	  Lower	  End	  
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DQW	  –	  Cavity	  Upper	  Ends	  

• “Bobom	  cake	  pans”	  
– 2	  etched,	  and	  ready	  for	  weld	  
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DQW - Cake pan assemblies 
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-‐	  Ready	  to	  weld	  



NIOWAVE 15 

• “Bowls”	  
– Complete	  
– Etched,	  and	  ready	  
for	  NbTi	  tuner	  
abachment	  welds	  

DQW	  –	  Inner	  Conductors	  
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RFD – Assembly and Spec.  

16 
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• Outer	  conductor	  halves	  
– Gages	  being	  fabricated	  for	  profile	  measurements	  	  

RFD	  –	  Outer	  Conductor	  
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• Bowls:	  2	  Niobium	  stamped,	  2	  blanks	  cut	  
– Expect	  stamping	  done	  this	  week	  

RFD	  —Inner	  Conductors	  
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• S<ffener:	  Niobium	  Stamped	  (yet	  to	  machine)	  

RFD	  -‐	  S<ffners	  
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• End	  cap:	  Niobium	  stamping	  in	  progress	  

RFD	  –	  End	  Caps	  
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RFD	  –	  HOM	  +	  FPC	  Ports	  

• Small	  HOM	  Box	  Side	  Port	  
–  2	  in	  QA	  (4	  halves)	  
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• FPC	  &	  HOM	  
Box	  Port	  Halves	  

• Niobium	  blanks	  
cut,	  ready	  to	  
stamp	  

RFD	  —Power	  Couplers	  and	  HOM	  Ports	  
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QA at the company 

•  Dimensions are checked against a 
reference and documented in Indico 
– Setting up EDMS folder 

•  About ½ of the parts measured 
– A few variances, approved by the design 

teams 

23 
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Nb Parts Measurements 
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Summary from Niowave 

•  Nearly all Nb parts are stamped 
–  Waiting for ¼” plates to finish stiffners for one RFD 

•  Due next week 

•  All parts are measured at the factory 
–  Variances addressed on a case-by-case basis 

•  DQW bodies ready to weld 
•  RFD bodies will be ready to weld in about one 

month 
•  Beam pipe assemblies fabrication underway 

–  First welding cycle this week 
•  CC team will visit Niowave on Thursday 

–  Inspect all parts that are ready and available 

25 
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Other CC Fabrication Activities 

•  HOM couplers and filters development 
– Finalized for SPS, presentation tomorrow 

•  Dressed Cavity integration and He 
Vessel Design 
– Review last week @ CERN, summary 

presentation tomorrow 

•  Cryomodule design and integration 
– Ongoing at CERN and the UK 

26 
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Short term plans 

•  Complete cavity fabrication 
•  Build two fully dressed cavities of each 

kind 
– Vertical test @ US lab before shipping 
– Ship at least two cavities of one kind by 

Dec. 2105 
•  Ambitious but not impossible 

–  Integrate cavities in cryomodule(s) for SPS 
test to begin in 2017 

27 
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Conclusions 

•  Cavity production of both cavity 
designs is underway at our US industrial 
partner 

•  Finalizing dressed cavity design and its 
integration in cryomodule 

•  Schedule for SPS test remains very tight 
•  Active contributions from all 

collaborators 
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Questions 
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Production Plan from Eng. Spec. 
BARE CAVITIES (WITH INTERFACES)

MANUFACTURING PROCESS

Materials Niobium sheets Materials Drawn Niobium parts Materials SS flanges/Niobium parts Materials SS flanges - Niobium tube Materials Brazed joints Materials Brazed assembly Materials Brazed joints
Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment ISO 3530 or ASME BPVC Section V

Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier

Training/qualifications Supplier Training/qualifications Supplier Training/qualifications Supplier Training/qualifications ASME BPVC Section IX, part QB Training/qualifications
EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2 Training/qualifications Supplier Training/qualifications

EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2

BC-1-QA BC-2-QC BC-3-QA BC-4-QA BC-5-QC BC-6-QC BC-7-QC

Procedure Procedure Procedure Procedure Procedure Procedure Procedure

Section 3.8.2 & 3.8.3
Section 4.1 - to be defined by 

supplier
Section 3.8.5 (Annex 6.5 and 6.6) - 

to be defined by supplier
Section 3.8.6 & BPS (ASME BPVC Section 

IX, part QB) ASME BPVC Section V
Section 4.1 - to be defined by 

supplier
EN 13185 or ASME BPVC Section V 

- to be defined by supplier

Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria

N/A
Functional drawings approved by 

CERN N/A N/A ASME BPVC Section VIII Div. 1
Functional drawings approved by 

CERN Section 4.4

Report N/A Report Yes Report N/A Report N/A Report Yes Report Yes Report Yes
Record MIP Record MIP Record MIP Record MIP Record WIR Record MIP Record MIP

CERN control N/A CERN control NP CERN control N/A CERN control N/A CERN control HP CERN control NP CERN control NP

Materials Brazed joints Materials Brazed assembly Materials EB assemblies Materials EB welded joints Materials EB welded joints Materials EB welded assembly Materials Cavity
Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier

Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier

Training/qualifications
EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2 Training/qualifications N/A Training/qualifications ASME BPVC Section IX, part QW Training/qualifications

EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2 Training/qualifications

EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2 Training/qualifications Supplier Training/qualifications N/A

BC-8-QC BC-9-QA BC-10-QA BC-11-QC BC-12-QC BC-13-QC BC-14-QC

Procedure Procedure Procedure Procedure Procedure Procedure Procedure

ASTM E 1001
Section 3.8.5 (Annex 6.6) - to be 

defined by supplier
Section 3.8.7 & WPS (ASME BPVC 

Section IX, part QW) ASME BPVC Section V ASME BPVC Section V
Section 4.1 - to be defined by 

supplier
Section 4.3 - to be defined by 

supplier
Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria

Section 4.2.2 Table 7 N/A N/A ISO 13919-2 & Table 6 of Section 4.2.1
ISO 13919-2 & Table 6 of Section 

4.2.1
Functional drawings approved by 

CERN Section 4.3

Report Yes Report No Report N/A Report Yes Report Yes Report Yes Report Yes
Record WIR Record MIP Record MIP Record WIR Record WIR Record MIP Record MIP

CERN control HP CERN control N/A CERN control N/A CERN control HP CERN control HP CERN control NP CERN control HP

Materials Cavity Materials Cavity Materials Cavity

Equipment Supplier Equipment ISO 3530 or ASME BPVC Section V Equipment N/A
Tools Supplier Tools Supplier Tools Yes

Training/qualifications Supplier Training/qualifications
EN ISO 9712 or SNT-TC-1A (ASNT) - 
minimum level 2 Training/qualifications N/A

BC-15-QC BC-16-QC BC-17-QA

Procedure Procedure Procedure
Section 4.1 - to be defined by 

supplier EN 13185 or ASME BPVC Section V
Section 3.9 - To be defined by 

supplier
Acceptance criteria Acceptance criteria Acceptance criteria

Functional drawings approved by 
CERN Section 4.4 N/A MIP Manufacturing and Inspection Plan

WIR Welding Inspection Record
Report Yes Report Yes Report No N/A Not applicable
Record MIP Record MIP Record MIP HP Hold Point

CERN control NP CERN control N/A CERN control HP NP Notification Point

FINALIZATION OF MANUFACTURING PROCESS

Materials Cavity Materials Cavity Materials Cavity Materials Cavity Materials Cavity
Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier Equipment Supplier

Tools Supplier Tools Supplier Tools Supplier Tools Supplier Tools Supplier
Training/qualifications N/A Training/qualifications N/A Training/qualifications N/A Training/qualifications N/A Training/qualifications Yes

BC-18-QA BC-19-QA BC-20-QA BC-21-QA BC-22-QC

Procedure Procedure Procedure Procedure Procedure
Section 3.8.5 (Annex 6.6) and 

Section 3.10 - to be defined by 
supplier

Section 3.10.1 - to be defined by 
supplier

Section 3.8.5 (Annex 6.6) and 
Section 3.10 - to be defined by 

supplier
Section 3.10.2 - to be defined by the 

supplier To be defined by supplier
Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria Acceptance criteria

N/A N/A N/A N/A Section 4.5

Report No Report No Report No Report No Report Yes
Record MIP Record MIP Record MIP Record MIP Record MIP

CERN control N/A CERN control N/A CERN control N/A CERN control N/A CERN control HP

Bulk chemical polishing Heat treatment

Ultrasonic examination Chemical polishing Electron-beam (EB) welding Visual examination

High pressure water rinse
RF acceptance tests at cold 

temperatureLight chemical polishing

Helium leak tightness test

Dimensional control
Resonator frequency check & 

tuning

Dimensional control Helium leak tightness test Packaging & shipping

Visual examinationShaping and machining Dimensional control Cleaning and chemical polishing Vacuum brazing Dimensional control

Radiographic examination
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Stamping/Forming/
Machining  

Poles, OC, End cap 
Beam pipes, WG 

Stiffeners  
  

EBW 
Pole+OC 

WG  
  

Brazing 
BP+Inferface+Flange 

  

Leak 
check, 
cold 
shock 

Niowave	  

Niowave+ODU	  

ODU	  

Machining stamping dies 

Grinding 

Die 
Insp 

Weld prep, 
Machining Braze prep 

Weld 
insp 

EBW 
Half body+plate 

stiffeners 
WG+Ports 

Weld 
insp 

LARP+ODU	  

Trim, Weld prep 

EBW 
Half body+Half body 
End cap+WG+Ports 

Freq 
check 

Trim 

Final weld Leak 
check 

Stiffener, tuner tab 
weld 

Freq 
check 

Tuning 

RFD Fabrication Plan 

Weld 
insp 

Shipping 

CMM/EP? 

Information only. 
To be incorporated to master plan. 
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