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I. HO CORRECTOR MAGNETS II. PROJECT STATUS

INFN ïLASA follows the design, prototyping, construction

and test of 54 HO corrector magnets for the

HL-LHC interaction regions, from skew

quadrupole to dodecapole

Superferricdesign

Å ~50% of thefield by racetrackNbTi coils+ ~50% by laminatediron

Å Compactandmodular,few components,easierto industrializew.r.t. othermagnets

Constructionwas awardedto industryĄ How to maintain the high-quality production

standardsovera relativelylargeseriesproductionof specialcomponents?

III. S ERIES PRODUCTION CHALLENGES

Measurements for 6p

The industrial production of 54 High Order (HO) corrector magnets and their 510 NbTi superconducting coils posed Quality Assurance (QA) challenges. Standard and custom QA methods were adopted for the analysis of the electrical parameters of the coils. This poster discusses their 

sensitivity and the final observed effectiveness on the series production. In some cases, the methods led to Early Defect Detection (EDD) thus avoiding possible severe damages already observed in a prototype magnet. Link video by SRV and SaesGetters

IV. ELECTROMAGNETIC COMPARISON (ECCO) V. SURGE TEST VI. I MPEDANCE COMPARISON

Param. Value Origin

C 2 nF From specs.

Rc 54.3 Ý Measured

Lc 49.3 mH Measured

k 0.77 FE model

h 0.33 (4 layers) Fit result

Rshort 40 Ý Fit result

Magnet
Rs
(Ҡύ

Lm 
(mH)

k
Re 

(kҠύ
Rp

(kҠύ
Cp
(nF)

MCDXF01103.3 293 0.58 2.32 25.6 0.27
MCDXF02103.3 295 0.57 2.29 25.4 0.30
MCDXF03104.2 302 0.60 2.30 24.5 0.30
MCDXF04103.1 299 0.60 2.35 25.5 0.28
MCDXF05103.1 303 0.60 2.43 25.3 0.30
MCDXF06103.0 298 0.62 2.19 25.2 0.27
MCDXF07104.0 300 0.60 2.31 25.5 0.30
MCDXF08104.0 299 0.60 2.23 25.0 0.30
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Seriesproductioncompleted,~50% of the

magnets tested and found compliant,

~40% of themagnetsdeliveredto CERN.

Test at LASA are proceeding,present

schedule: all magnetsdeliveredto CERN

by Sep. 2022

CERN acceptanceongoing, MCSXF01

first HL-LHC seriesmagnetacceptedin

memoryof GiovanniVolpini

NC subject # coils

Exit wire damaged 7 (1.4%)

Impregnation 7 (1.4%)

BT-S2 detaching 5 (1%)

Electrical
Å# of turns

Åinternal short

5 (1%)
4 (0.8%)

1 (0.2%)  

Dimensions 4 (0.8%)

Total 28 (5.5%)

Challenges

Å Learning curve

Å Manufacturing 

defects & human 

factor

Å New specifications

Å Design changes

Å Production 

constraints

Å Large number of tests

Key tools

Å Stringent QA methods (in 

coop. with CERN)

Å Good communication with 

the firm

Å Flexibility (new spec. or 

schedule)

Å Fast prototyping and testing

Å Dedicated test station with 

automation

4p

8p

The numberof turns is checkedthrough

a custommeasurementsetupoptimized

through FE simulationsand automated

with LabVIEW for its industrialuse

1. Repeatableresultsover the largecoil

production

2. Five coils with measurementabove

threshold

Å6p: coil #4, #5, 8p: coil #1, #2,

(12pn: coil #27discussedin par. V)

ÅMeasurements compatible with

predictionsfor oneturn less

ÅRoot cause: new operator and

insufficient details in the winding

procedures

Surgetestat V0 = 2 kV to detectinternal

insulationdefects

1. Very goodsensitivity: downto 1 turn

over 754, up to 10Ýshortover 100

mÝturn resistance

2. Repeatableresultsover the largecoil

production

3. One coil with measurementabove

threshold: interlayer short as in the

fault of MQSXFP01

Coil #27
Meas. for 12pn

The impedanceZ(j�Z) is the ñelectricalID

cardòof themagnet.

Measuredat warm for the sakeof production

control, the information is then extractedby

meansof a 5-parametersfit .

Repeatableresults for all magnet families.

Example: measurementsfor the10p corrector.

We thank the CERN team composedby E.

Gautheron,A. Musso,E. Todescofor its support

https://www.youtube.com/watch?v=OjDkF-BXidw

