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Outline

▪ Scope, Functional Requirement Specifications 

and Acceptance Criteria

▪ Reviews related to CM&Cryo

▪ CA01 status

▪ CM02, CM03 status/progress

▪ Lesson learned in Cryostating activities

▪ Schedule  
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302.4 Scope

12 Q1/Q3 Cryo-Assemblies

▪ 3 pre-series 

▪ 7 series production

▪ Re-work of two Cryo-
Assembly assumed 

4

Magnet

(MQXFA)

Cold Mass

(LMQXFA)

Magnet

(MQXFA)

Cryo-assembly

(LQXFA/B)

4
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Performance Requirements

▪ Cold Mass Functional Requirement 
Specifications (FRS)

▪ CERN approved – EDMS No 1686197 
(28/07/2017)  under revision control

▪ AUP accepted

▪ Requirements are classified into two groups: 

▪ Threshold requirements (CM 27) are 
requirements that contain at least one parameter 
that the project must achieve.

▪ Objective requirements (CM 4) are requirements 
that the project should achieve and will strive to 
achieve.

▪ All requirements are traceable

▪ Needs an update, new release:

▪ Magnetic center separation distance between 
magnets has changed – based on SSW and 
rotating coil measurements

5

US-HiLumi-doc-64

Engineering & Equipment 

Data Management Service 

(EDMS)

Electronic signature on DocDB
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Acceptance criteria

▪ Cryo-Assembly acceptance criteria has been 

developed approved by CERN (EDMS no 

2323981) CERN.

▪ It is based on Requirements documents:

▪ Every individual requirement is separately addressed 

▪ Verification plan was developed for each requirement

▪ Needs to be updated

(US-HiLumi-doc-1127)
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FRS and Acceptance Criteria Update

713th HiLumi Collaboration Meeting - Vancouver, September 2023

R-T-06: The distance between the two nodal points of the MQXFA magnetic 

lengths is 4806 mm ± 5 mm at nominal operating temperature (1.9 K). 



Reviews 

▪ Design change Review follow up
▪ July 2022 the first one, then December 2022

▪ Fully accepted by the committee

▪ DOE review
▪ Re-baseline – needed more money

▪ Successful review in December 2022

▪ Shipping post and shipping post tooling review
▪ Short but important review ensuring the solidness of the 

design; high value to be shipped. 

▪ Conducted in May 2023 

▪ Series Production Readiness Review
▪ In early September 2023 conducted

▪ Three recommendations
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Design modifications due to new/change 

Requirements
▪ Cold Mass design internal interface requirement changed:

▪ The circumferential average interference after welding between 
the SS shell inner surface and magnet outer surface along each 
magnet length must be Delta_C ≥ - 0.2 mm, resulting in 
average coil pre-load increase ≤ 3.2 MPa (old value was 15 
Mpa) at room temperature 

▪ In short spots, for possible local repair, the local Delta_C must be ≥ -
0.5 mm, and the average along magnet length must meet the previous 
specification. 

▪ New requirement R-T-10b: The fixed points of the MQXFA magnet 
shall not move inside the LMQXFA cold mass when subject to 2.5 
bar differential pressure between the ends of each MQXFA magnet 
in accordance with a global pressure gradient of 5 bar linearly 
distributed over the cold mass length (induced by cryogenic 
operation or by quench of other magnets [11] version 1.0) and this 
load shall not introduce any physical damage or performance 
degradation during the cryo-magnet lifetime

913th HiLumi Collaboration Meeting - Vancouver, September 2023



Design change 
▪ Accommodating the lower prestress and ensuring that the prestress is 

always there welding shim design was incorporated.

▪ Detailed study and paper was presented at ASC2022 by G. Vallone.
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▪ Without shims the 0.5 mm change in the interference generates ~7 MPa coil 

stress (~40 MPa SS shell stress)

▪ With 2 mm shim the same stress change requires ~ 4 mm interference change 

▪ This drastically changes the requirement on tolerances 

Applied forces:

Transportation: 135 kN

Quench/Cryogenic operation:

61.8 kN (2.5 bar pressure wave)

Allowable pole stress increase: 

-3.2 MPa on the average

-9.6 MPa at any location

~4m

m

0.5 mm



Shim concept
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It can work at cold as 

well maintaining the 

prestress level to have 

enough friction to 

prevent magnet 

movement wrt the shell 

135 kN radial 

force is equivalent

With 0.1 MPa of 

Pole azimuthal 

Stress at Cold (CD)

At room temperature

> 300 kN radial 

force 

Depending on which

Frictional  coefficient

we are using 
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Shell Friction Coefficient Proof Test

12

• To Verify the Friction Coefficient between the Aluminum Shell of the MQXFA 

Magnet & SS Shells and SS Shims between them we conducted sliding 

tests:

Test Trial #1 Trial #2 Trial #3 Avg 𝒕𝒂𝒏 𝜽 = 𝝁

Alum to SS LHe Shell 23.5° 26° 24° 24.5° .456

Alum on SS Shims on SS 

Shell: shims slid on SS

13° 14° 15° 14° .249

Only SS Shims on SS Shell 13.5° - - 13.5° .24

Alum on SS Shim (fixed) 25° - - 25° .466
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Shell Friction Coefficient Proof Test

13

• Follow Up Friction Coefficient Test: Verified the Friction Coefficient 

between the Aluminum Shell of the MQXFA Magnet & SS He Shell at 80K 

(LN2) temp. 

• Room temperature test repeated (3x) prior to introducing the LN2 bath for 

reference of smaller samples with possible change

• difference between room temperature and 80K has negligible differences; 

the friction is getting slightly larger at 80 K

New Tests in LN2 bath

Delta angle = Cold - Warm

Trial #1 Trial #2 Trial #3 Avg Friction

Alum to SS He Shell 1° 3° 4° 2.6° 0.03
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Tack Block Bolt Shear Tests 

14

• Bolt Shear strength Mock-up tests:

• Original test included a steel mock-up machined with identical bolts 

and magnet slot details. Tack blocks were bolted using actual bolts 

procured for the cold mass. Back up strip and plates were welded (per 

specification) to tack blocks mounted on the mock-up fixture. The IB3 

press was used to press plates in increments reaching 80 kN (3x). 

After 3rd cycle, the pressure was increased in increments again until 

bolts sheared at a value of 80 kN (17,985 lbs) while holding in 

preparing to increase to next value.
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Cold Tack Block Bolt Shear Tests 

15

• LN2 Bath Bolt Shear strength Mock-up tests:

• The original fixture was machined to fit the ARMCO Iron inserts 

provided by LBNL. The inserts were then milled to match the profile of 

the tack block seat with 2x M8 threaded holes on both faces to mount 

the tack blocks. Tack blocks were fastened to the ARMCO Iron and fit, 

welded with the backing strip and shell plates.

• The Mock up fixture was set in a dewar and filled with LN2 until it 

cooled down to 80K.

• The IB3 press was used for this test also raising the load incrementally 

in 5-10 kN at a time with 30 sec. hold time between steps until failure 

occurred.



Bolt Shear Results 
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• Result comparison: T(Rm) vs. T(80K)

• Rm temperature: mock-up fixture reached 80kN prior to bolt shear

• At 80K temperature: load reached 103.8 kN prior to fixture failure

• The bolts absorbed 30% higher loads at 80K temperature. 

• Cold re-test planned to achieve true shear value at 80K. 

STEP
Force [kN] 

(LBS)

Press 

(PSIG)

WARM TEST 

[kN] (LBS)

COLD TEST 

[kN] (LBS)
COMMENTS

1 30 (6744.27) 610 30 (6744.4)

2 45 (10116.4) 910 45 (10116) 49.4 (11111)

3 62 (13938.15) 1254 62 (13938) 59 (13333)

4 70 (15736.63) 1416 70 (15737) 69 (15555.4)

5 75 (16860.67) 1517 75 (16860) 74 (16666.5)

6 80 (17984.72) 1618 80 (17985) 79 (17777.6) Warm shear

7 85 (19108.8) 1720 - 84 (18888.7)

8 90 (20232.8) 1821 - 89 (19999.8)

9 95 (21356.85) 1922 - 93.9 (21110.9)

10 100 (22480.9) 2023 - 99 (22222)

11 105 (23604.9) 2120 - 103.8 (23333) Cold fixture fai



Series Cold Mass and Cryo-Assembly 

Production Readiness Review

▪ Recommendations
1. Create a mockup experiment to precisely model the 

configuration of heater wires from the coil ends through the 
cold mass end and capillary tube, including all wire 
conditions, including lengths inside of and beyond capillary 
tube, twists, relative separations, routing directions, 
interruptions due to splices, etc. As part of the experiment, 
monitor wire tension at the strain relief, if present, or at the 
coil termination if not, during the process of bending the 
capillary tube. After bending the capillary tube, begin by 
providing an open circuit at the coil termination and taking a 
TDR measurement, and then incrementally shortening the 
wire length as needed until the value measured on the first 
cryoassembly is achieved.

2. Effort should be made, and resources allocated to the 
development of a cold mass disassembly process should the 
need arise during either continued pre-series or upcoming 
series production.

3. Prior to any future rework of a cold mass or cryoassembly, 
conduct a Production Readiness Review of the planned 
disassembly and rework processes. 
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CA01 Status

▪ CM01 was completed last summer, it was reported on 

the last collaboration meeting and paper was written 

about the CM01 production  (ASC2022)

▪ Cryostating was completed in late fall and preparation 

for the horizontal test was completed in December

▪ Cold Test started in January completed in August

▪ Received at ICBA This week Monday
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Status of Nonconformances/Deviations
• Total of ~180 AUP-internal Discrepancy/Nonconformance reports (integrated 

for cables, coils, magnets, cold mass and cryo-assembly CA01); most were 
minor and handled within AUP

• Total of five major nonconformances for which we are working closely with 
CERN to resolve:
o EDMS 2515070: "nodal" distance between two magnets out of spec; NCR 

accepted and closed
o EDMS 2905753: leak check of CM in the CA was not able to achieve 

necessary background to verify spec; NCR has been accepted by WP and 
CERN Vacuum group, and was sent yesterday to HL Project Office for final 
approval

o EDMS 2937955: VT EE152 is open; NCR under review by CERN Electrical 
group

o EDMS 2769128 and 2883868: two QH failures; NCR under review by CERN 
Electrical group

• Also one Deviation Request (EDMS 2939701) for CM01 welded to ASME 
standard (i.e. WPS was not fully qualified to CERN requirements); DR signed 
by HL project leadership, awaiting approval from HSE
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Weld/Welder Qualification Updates
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▪ Samples completed 

and sent out for 

testing. Samples have 

now passed all 

prescribed CERN 

tests including but not 

limited to Charpy & 

Fracture tests at 4.2K

▪ As of March 2023, 3 

FNAL welders passed 

Welder Performance 

Qualifications (WPQ) 

in longitudinal 

position



Weld/Welder Qualification Updates
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Weld/Welder Qualification Updates
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▪ 3 new Fronius 

Machines have been 

procured to assist with 

longitudinal and 

Circumferential 

Welding. 

▪ New Machines record 

and provide report of 

welding parameters



LMQXFA-02 Cold Mass Assembly
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▪ Beam Tube, 

Heat Exchanger 

Bus Installation 

complete

▪ Backing strip 

installed w/ tack 

blocks properly 

shifted

▪ New Machining 

procedure 

improved 

tolerances
Beam Tube & 

Bus Installed

Tack Block/Backing Strip

Installation

Sliding tack block offset



LMQXFA-02 Cold Mass Assembly
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▪ New Shell 

Machining 

procedure 

improved results

▪ Shell 

Preparations 

with Shims

▪ Shell Fit Up 

completed

Shell Machining

Shell/Shim Prep

Shell Fit Up



LMQXFA-02 Cold Mass Assembly
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▪ Shell 

Longitudinal 

Welding

▪ Shell 

Circumferential 

Welding

End Covers Welded

End Cover Fit Up

Shell Welding



LMQXFA-02 Cold Mass Assembly
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▪ Preparation For Saddle and Nozzle Welding

Inspection prior to Saddle Welding – PAUT Complete

CM02
(MQXFA05, MQXFA06)



Long & Circ Phased Array Ultrasonic Test
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▪ LMQXFA-02 Long. & circ. welding PAUT – complete

▪ No Defects found  



Cold Mass 02 Alignment 
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LMQXFA-03 Cold Mass Assembly
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▪ LMQXFA-03 Ready for Shell Cutting post Longitudinal 

Welding

Longitudinal Welding Complete – Prep for Shell Trimming & End Cover Prep

CM03
(MQXFA11, MQXFA10)



Cryo-Assembly Lesson Learned

▪ Once the CM02 is ready cryosting activity

▪ CA01 utilized CERN work instructions

▪ AUP developed their own traveler

▪ CA01 was the first CA and several improvements of 

the procedure, and the execution of the work has 

been addressed

▪ Cryostat works as it has been designed

▪ Successful cryogenic test 

▪ Heat loads measured during cold test was very close 

to the design calculations 
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Lesson learned
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▪ MLI installation
▪ Installation provision to prevent pinching of MLI when setting the Cold 

Mass.

▪ Added MLI slits to Cold Mass blanket to prevent tearing in the event the 
parallel plate relief device opens.



Lesson learned
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▪ Cryogenic piping

Adjust lengths for 

integration with the 

horizontal test 

stand



Lesson learned
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▪ Removal and reattachment of one thermal shield 

cooling extrusion prior to placing the Cold Mass due to 

interference with the capillary systems. 



Lesson learned
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FSI system

Tooling and optical 

survey method for 

locating the thermal 

shield covers.



Lesson learned
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▪ CLIQ/KMOD/IFS

▪ Add weld preps on 

vacuum vessel 

flanges, IFS adapter 

rings, and 

CLIQ/KMOD/IFS cover 

flanges to improve 

weldability.



Lesson learned
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▪ Cryogenic piping

▪ Check carefully interfaces; integration with the horizontal test stand.



Shipping Post 

3713th HiLumi Collaboration Meeting - Vancouver, September 2023

Shipping posts procurement completed

One of them was tested for deflection 

and compared with FEM analysis

Good agreement up to 3 g load 

 

 

Synchronized jack 

Shipping post 

GFRE support post 

Vacuum vessel 
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Shipping Post Tooling 

▪ All the tooling are in house

▪ Installation procedure is close to completion

Shipping post installation steps
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Dates From July 2023 Working Schedule

Assembly Delivery Dates with Current Plan of 2 horizontal test failures

Agreed Early 

Delivery Date 

Agreed Late 

Delivery Dates

Q1/Q3 Delivery 01 Nov-23 May-24 Oct-24

Q1/Q3 Delivery 02 Jun-24 Dec-24 May-25

Q1/Q3 Delivery 03 Aug-24 Apr-25 Jul-25

Q1/Q3 Delivery 04 Nov-24 Jun-25 Oct-25

Q1/Q3 Delivery 05 Mar-25 Oct-25 Feb-26

Q1/Q3 Delivery 06 Jun-25 Dec-25 May-26

Q1/Q3 Delivery 07 Aug-25 Mar-26 Jul-26

Q1/Q3 Delivery 08 Nov-25 Jun-26 Oct-26

Q1/Q3 Delivery 09 Apr-26 Sep-26 Mar-27

Q1/Q3 Delivery 10 Aug-26 Jan-27 Jul-27

July 2023 working 

Schedule

Schedule



Success oriented schedule
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Conclusions

▪ CA01 has been completed and being prepared for 
shipment to CERN (acceptance formalities are 
underway)

▪ CM02 weld is complete and passed PAUT NDT 
tests. Next is to weld the saddles

▪ CM03 longitudinal weld has been completed and it 
is being prepared for cutting the shells

▪ New AUP traveler for CA activities has been 
prepared

▪ Shipping post and the shipping post installation 
tools were procured, and shipping post installation 
procedure is close to completion
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