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Introduction: For the Future Circular Collider (FCC), a 100 TeV post Large Hadron Collider machine, 750 main quadrupoles with a 360 T/m gradient over a magnetic length of 7 m

are required. The poster deals with an 3D electromagnetic design optimization of a double aperture Nb,Sn quadrupole based on a collared structure. Preliminary winding trials are
reported using off-the-shelf cables with a relatively close geometry. The baseline parameters, material properties, conductor performances are all alighed with the 16 T dipole
magnets under development for the Future Circular Collider. This study is performed in the framework of a CERN-CEA collaboration agreement following the EuroCirCol project.

Cables | Electromagnetic analvysis

Vee TS bsn BT R s o Magnet parameter JUnits _rcca ek
mm  0.85 0.85 0.825 w00y B Gradient T/m  367.4 223
- 1.65 1.2 +0.1 1.65 " | o everlume Lead cables Nominal current A 22500 11870
- 35 40 36 : o e — Peak field T 10.52 7.0
Cable bare width (before/after HT) mm 15.956/16.120 18.15/18.363 15.1 V\f Magnet axis | Peak field / (Radius x - 1.15 1.12
Cable bare mid-thick.(before/after HT)  JRluNEW:CEYERE !4 1.525/1.594 1.48 | > Gradient)
mm  1.438/1.481" (15.4%) 1.462/1.530 1.362 = ' 10 p—_ 14 h—o14 | = 7137 LeElInG Mz 7z % 20.0 20.0
mm  1.549/1.596" (8.9%) 1.588/1.658 1.598 nermost turm where the peak field is located. bios = 076 | biggg =068 | bio,s = ~283 Temp magin K 4.6 2.0
Keystone ) 0.40 0.40 0.9 ‘ Field along the innermost conductor Yoke fully covering the straight part Yoke shortened by 50 mm IEEEES (2 B2k, mH 14.4 1
Insulation thickness per side (5 MPa) um 150 145 + 5 142.5 10.8 | ‘ Stored energy (2 ap.) k] 3670 800
10.7 o s shortened yoke Azimuthal force (per 7 coil) MN 12.3 2.6
_ 132 2:: z:zz: Radial force (per % coil) MN 5.5 0.9
Collar mechanical analysis y U YN o seacer 5 % Fx (per 72 coil) I 1.5
- 02 | % g Fy (per % coil) MN 11.4 2.4
. Collar—stee]  Collaring keys —steel  NbsSn block coil azimuthal stress ! % i %, i i % L . ' Midplane shim um 330 137
\ g 9:9 kS 5 RE side & ) Hotspot (total delay) K 350 (30 ms) -
| 10% creep* ) Cable path : Nb of turns per layer - 8 +10 10 + 14
eak eak eak eak c e . . . Total weight of conductor  tonnes 272 -
aveliage aveliage aveprage aveprage Pre"mlnary Wlndlng tr|a|5 Magnetic length m 6.4 3.15
8 182 ?23 3; 1;; 2 iterations for designing the end spacers (blue 1%, black 2M) 1st jteration

Protection sheet — Steel LHC MQ bare cable (Nb-Ti -> more compact / no-steel core) —
*Felix Wolf “Strong creep behavior starting at 125 MPa” in “Effect of transverse stress applied during e

reaction heat treatment on the stiffness of Nb3Sn Rutherford cable stacks”, ECC meeting, 22 May 2018 TOOI | ng baS|C 500 Mmm Cen'[l’a| pOSt (l nner and OU'[EI‘ Ia.ye FS)

Angular wedges — Copper . .
+10% peak stress with elastoplastic collar at warm cable sheath cable clips  pressure rods Kan-twist

Coil block — Nb,;Sn
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Ground insulation — Epoxy
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Double pancake glued
Sliding contact elsewhere without separation
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NbsSn 30 3.9e-3 3D mechanical model under development
Epoxy 5 8 0.34 6.0e-3 Annular part of the collar not shown for clarity’s sake
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the Nb,Sn coils and will be further studied in a 3D FE model. Preliminary winding trials with a likely
more stable cable underlined the difficulty to wind a 2 layer magnet configuration reaching 360 T/m.
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