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Characteristics of the Austenitic Steels Used In the
LHC Main Dipoles

C. Lanza and D. Perini

Abstract—The LHC dipole structure is assembled using this steel as well we need reproducible properties and constant

austenitic steel collars and austenitic steel end-laminations. The dimensions of the fine-blanked parts during the whole produc-
collars will be fine-blanked starting from 11 000 tons of steel; the tion

end-laminations require 1700 tons of steel. Th ti tant feat ired for thi de is it
The procurement of the austenitic steels was divided in two € most important teature required for this grade IS Its

phases: first, we qualified different grades from different pro- thermal contraction. It is important to have a thermal contrac-
ducers, and then, we made the call for tender, adjudicated the tion as close as possible to that of the soft iron used for the

contract and started the series production. The first part of this yoke laminations in the straight par-2-102 between room
paper summarizes the results of the first qualification phase when temperature and 1.9 K).

extensive checks and measurements were carried out on five
different grades.
The second part describes the approach used to control the series [l. QUALIFICATION OUTLINE

production and the results obtained. At the time of writing about : . .
19% of the steel for collars and end-laminations has been manu- We purchased steel in various grades from different producers

factured and delivered. in order to manufacture collars for the dipole prototypes. The
criteria for choosing the supplier were the availability of a grade
fulfilling our technical requirements in the steel producer cata-
logue and his interest and good willingness to deliver material
I. INTRODUCTION in time to respect the construction planning of our dipole mag-

! FTER the decision of making the LHC main dipole CollarQets. The idea behind the qualification procedure was to test the

Index Terms—Collars, steel selection.

using austenitic steel instead of aluminum [1] we launché& mple_te chain from the steel production to the magnet_ man-
acturing. We measured the steel features and behavior, we

a campaign for the qualification and test of possible grades suit-
able for this application. In the mean while we also qualified ne-blanked several thousands of collars and assembled at least

grade for the end laminations one full size prototype with each given grade.

The market survey and qualification procedure lasted approx-The characteristics that were systematically measured for

imately six months. After this phase we launched the call for tefiach steel grz_slde are the_f_ollowmg.

ders and we concluded a contract with one producer of the steefl) Magnetic permeability at 4.2 K and 1.9 K,

for collars (Nippon Steel Corporation) and one of the steel for 2) Thermal contraction between room temperature and op-
nonmagnetic yoke laminations (Kawasaki Steel Corporation). _ €rational temperature (1.9 K),

The steel for collars represents a critical item for the correct 3) Mechanical properties at room temperature and at 77 K,
performance of the LHC dipoles. The LHC machine requires 4) Metallurgical features (grain size, inclusions, ferrite con-
the use of about 1250 dipoles implying the production of 11000  tent etc.).
tons of austenitic steel. The collars are important in the defini- With the collaboration of the fine-blankers we tried as well to
tion of the dipole field quality. Their dimensions must be exestimate the fine-blanking suitability of the different grades. We
tremely precise (tolerances #20 ;m in critical positions) ob- considered the precision and reproducibility of the collars, the
tained by means of a fine-blanking technique (precise punchinggar of the tooling, the flatness of the collars and the quality of
and reproducible all along the production. The collars are locaffje cut. Itis difficult or impossible to quantify all these parame-
heavily stressed and work at 1.9 K. These facts call for high pé@rs after the cutting of few thousands of collars. In principle we
formance and reproducibility of the mechanical properties. Ti$8ould have produced more collars to get better statistics. There-
relative magnetic permeability must be as close as possiblef@e the judgment is mainly based on the experience and the
1.0 and constant along the production in order not to impair thk8ow-how of the fine-blankers. The experience gained with the
field quality. series production tells us that the preliminary evaluation done

The steel for nonmagnetic end-yoke laminations is less c@r @ grade at the beginning is almost confirmed or achieved
ical since these pieces are not heavily stressed. The LHC rR¥en better performances after the fine-blanking of several thou-
chine requires the production of 1700 tons of this material. F&gnd of pieces when all the cutting parameters are optimized.

Manuscript received September 24, 2001. IIl. QUALIFICATION DATA

"I"he authors are with the Main Magnet and supercqnducto_r Qroup, LHC During the market survey phase we were able to pre-select
division, CERN, 1221 Geneva 23, Switzerland (e-mails: {Cristiano.Lanza; . . . .
Diego.Perini}@cern.ch). and test five different grades of steel as shown in the following

Publisher Item Identifier S 1051-8223(02)04172-6. Table I.
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TABLE | TABLE V
GRADES TESTED SPECIFIED VALUES
Grads Praduser TUR I M TR il W PEEROE s e fOd I
13AM18 Sandhvik e ——— T 102400 WPs 150350 MPy
2‘:'.7 MH I_ L!""E TrHm pirvngth . TEE-200 WPy BEIREI Mpp
LIS 130 B ippon
Hyfiorm 200 mod = fueala Shellisha . Sl ksl
KHMHE Hawasa stnrzram w05 GTH ] =
BITTK Figkd and Tenmia BEERTET o T T Bapriat i3 e reom
ETRR T DN TN e Rzl craE
TABLE I Elorgution &, 0% = W%
NOMINAL CHEMICAL COMPOSITION (% OF TOTAL WEIGHT)
C I M P Cr N W
hniund . ’ o] e TABLE VI
phz-t ) BT oM A4 am e Bd oM Rram MECHANICAL PROPERTIES ATROOM TEMPERATURE
S-T WAN P B3 i dbd ik M B aM da = R IS
n P = [}
YUS 130 § i B4 A7 dedd BaM W A1 4k BE eiuad salil “aMP
PR R &0 am EI% im 26
Hyfomm 200 mod B D3 A S0GY BN R4 04 TR L
F0-T MN 50 TES Lo 18] ERC
KHRAMN I T I ADST BOM  B7 a1 AR B
YUS 1308 L TES % 154 1™
Hytomm 200 mad W TE1 ol il art
o A1 ET 16 151
TABLE I i
RELATIVE MAGNETIC PERMEABILITY . (ACCURACY BETTER THAN 1%) AT
DIFFERENT TEMPERATURE AND DIFFERENT MAGNETIC FIELD VALUES
TABLE VII
Grada Boatd2K p oatd2K b os1BK j at1BK MECHANICAL PROPERTIES AT77 K
1 =3T =01T
B=01T B=Y B=0 B=3T Grade g g 1HPE] T PAPa] Ay
1Z2FM119 1.003 1.0028 100075 1.0028
i . e s = 1EAKNE 1113 1624 BB
207 BN 1. 1 i a 1 1.
20-T MK 1138 1880 %
YUS 130 5 1000 1.0018 10015 1.0018 J :
YLIS 130 5 1023 1585 EE
Hylam 200 10005 1.0026 1.0035 1.0025
; Hyfonm 200 mod 836 1533 ES5%
EHKM 1,005 1.0011 1,001 1,001
AL 1050 160 5l
TABLE v TABLE VIl
THERMAL CONTRACTION (A L/ L) BETWEEN ROOM TEMPERATURE AND1.9 K METALLURGICAL ANALYSIS
Gratla Thermal contraction AU Grada grain size rakldual Tarrila max
13RA114 Lr-10" 1R B o 1%
F0-7 WIH i7-10* 20-T MM ] liwi 1%
YUS 130 5 2E+107 YUS 130 5 5 o residual farr s
Hylonm 200 e 27+ 10% Hylnemn 200 modd T lorw 0,002
KHMM 12+10% KHMN 5 no residual ferrie

The chemical composition of each grade is given in Table kbped to follow the series production but we did not repeat the

Concerning the magnetic permeability, the specified value deeasurements for the nonselected grades.
fined in the technical specification jg. < 1.003 at 1.9 K with The specified values for the mechanical properties are the
a magnetic field excitation ol > 8 x 10* A/m (uoH ~ 0.1T) following (Table V).
for the collar grade ang,. < 1.005 in the same conditions for  The measured values are reported in the following Tables VI
the end-yoke lamination grade. Table Il shows the obtained r@ad VII. There is a very good reproducibility from sample to
sults under different magnetic field values. sample (less than 5% of difference).

In the technical specification the required value for the The specification (for both collars and end-yoke laminations)
thermal contraction between room temperature and 1.9 Ksdtates that, at a microstructural observation, the structure have to
2.2.107% < Al/l < 2.6 - 1072 for the collar grade and be fully austenitic and with a maximum grain size 4, according
1.6-1072 < Al/l < 2.2- 1072 for the end-yoke lamination to ASTM E112-83. Table VIII shows the results of the measure-
grade. The Table IV shows the obtained results. ments.

The measurements were performed with an accuratyaf- Concerning the fine-blanking suitability, the judgment from
10—2. A more accurate deviceH0.05 - 10~2) based on laser the fine- blankers based on a limited number of tests can be
measurements through a window in a cryostat has been degelmmarized in the following Table IX.
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TABLE IX
COLLARS FINE-BLANKING SUITABILITY
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Fig. 1. Sample with the ferrite rate of 1% (the dark area).

IV. QUALIFICATION CONCLUSIONS

Fig. 2. Collar shape (male figure) with indicated where samples for magnetic

permeability measurements are taken.
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Fig. 3. Yield Strength, as a function of sequence of the coils; LSL and USL
are respectively the lower and the upper specification limit.

This grade was specially developed for this application and
the sample belongs to the very first melt. The producer con-
firmed that some parameters in the process were found to be
inappropriate during the test melt and we are convinced that the
implemented corrections will avoid any problem in the future.

Atthe end of the qualification procedure we can conclude that 10 investigate the effect of the fine-blanking on the mag-
all the selected grades are of good quality. Some weak points 8&4C permeability of the collar edge, two samples (as shown in
be improved with the experience that will be gained producierg- 2.) were cut and measured at 4.2 K. The collar was punched

a large amount of material.

from a steel sheet of the same grade chosen for the large series

The 13RM19, 20-7 MN, YUS130S and Hyform 200 modProduction. ,
are good grades for the collar production. The KHMN is a good The result of the measuremenys{1.002 as in the untouched

grade for the nonmagnetic end-yoke laminations.

areas) shows that there are no changes on the magnetic perme-

The grade YUS130S [3] for the collars and KHMN [5] forability due to the strain hardening of the steel in the boundary
the end-yoke laminations were finally chosen, after a call f§°Ne€:

tender, according to the best commercial offer received.

The remaining overview of this paper is mainly focalized on VI. SERIESPRODUCTION OF THESTEEL FOR THECOLLARS

the steel for the collars.

V. ABOUT THE MAGNETIC PERMEABILITY

Like most of components of the LHC dipole structure [2],
the series production of the austenitic steel for the collars is
continuously monitored through graphical analysis of the data.

As explained in the introduction one of the most importarfthe parameters, representative of the material performance, that
parameters to monitor for collars materials is the magnetic pare checked every coil2 tons), are: Yield Strength (Fig. 3),
meability of these grades. During the measurements one sangasile Strength, Elongation, Hardness, while grain size and in-
of the grade Hyform 200 mod. was found out of tolerance wittlusions are checked once every mel4Q tons). For quality
a magnetic permeability of 1.0038 at 0.1 T, 1.8 K and 1.002fhecks, the decision taken was to use the Quality assurance Plan
at 3T, 1.8 K. In order to understand the problem an analygisoposed by Nippon Steel Corporation (NSC) with some small
of the ferrite rate was made. The sample was cut every 0.5 mmodification to the Technical Specification issued by CERN to
along the width. The maximum rate of ferrite (1%) was founddapt it to Japanese standards. All metallurgical and mechanical
just under the surface (see Fig. 1). This behavior can explain fiv@perties are measured by NSC in the frame of their Inspection

increasing of the magnetic permeability in this sample.

and Test plan [3].
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Fig. 4. Percentage of Silicon; LSL and USL are respectively the lower and t

upper specification limit E% 6. Magnetic permeability, measured on different samples at different

applied magnetic field and at 4.2 K. Each sample number represent a melt;
the letters A and B represent two measurements performed, respectively, in
perpendicular and parallel direction. The process parameters could be different

i T from melt to melt in order to optimize the production.
e o)
L bl = saturation), this parameter is very sensitive to changes in com-
S : o N , osition or process.
81007 Rl i e p
E'W"-": VII. CONCLUSIONS
1.0017 We pre-selected and measured the main characteristics of
: five grades of steel. After a competitive call for tenders the
A =T L L series production was launched with a precise monitoring of the

! " o lﬁaﬁ:] “ - main steel production parameters in close collaboration with
e the two Japanese producers involved (Nippon Steel Corporation

Fig. 5. Magnetic permeability at 4.2 Kand at 1 T, in function of the sequené%nd Kawasaki Steel Corporatlon).
of the casts. LSL and USL are respectively the lower and the upper specification
limit. ACKNOWLEDGMENT
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