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Complete and Test a Full Scale Suitable Superferric Magnet — TAMU/TIJNAF

« Description — Advance 1.2m Model Dipole Superferric Magnet Construction
— Fabrication of the FRP Structure onto which the coils will be wound
— Fabricate a long length (125m) of Cable-In-Conduit Conductor (CICC)
— Test wind several windings to validate accuracy of conductor placement on the FRP Structure
— Perform technology validation analyses, write a test plan, and work towards selecting a test site

Status

— Base activities are complete. More investigation into SC magnet design alternatives is ongoing.

Main Goal
— Develop a 1.2m Superferric Model Dipole using CICC as a cost effective technology for JLEIC

Funding

— Not base funding
— FY 2018 NP Accelerator R&D FOA — Not approved or funded

« Budget
FY 2017 FY 20XX | FY 20XX
a) Funds allocated XXXk
b) Actual costs to date SXXXK
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Complete and Test a Full Scale Suitable Superferric Magnet — TAMU/TIJNAF

* Milestones

Milestone Schedule Status
Completion of analyses in support of a robust magnet design August, 2018 COMPLETE
Fabrication of 125m length of CICC August, 2018 COMPLETE
Wind 3-4 coil turns on the FRP structure using a short length (~10m) of CICC August, 2018 COMPLETE
Final Report from TAMU August, 2018 COMPLETE
Development of a test plan January, 2018 Draft COMPLETE

Site selection for future testing

August, 2018

Postponed due to no
follow on funding

Assess alternate Superconducting Magnet Technology to Superferric for JLEIC August, 2018 Ongoing
 Jones Report Ranking
Row Concept / Panel Panel
. Proponent | Proponent Title of R&D Element o Sub-
No. . Priority . .
Identifier * | Priority
17 PANEL TLEIC Elgjgfte and test a full scale suitable superferric ik B

Note: Contract $ to TAMU has been committed and COMPLETED. All invoices have been paid.
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1.2m Model Dipole Fabrication at TAMU

» Goal of a fast ramping, lower cost
magnet technology
« FY’17 R&D
— Construction of FRP Structure

— Fabrication of 125m of CICC
—Trial Winding

« Funded activity COMPLETE!

« See Peter Mclintyre's presentation
for details.
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Technical Analyses

Helium Heat Transfer and CICC Temperature Rise

* Completed analyses for . . Heat transfer coefficient vs flow rate Temperature rise vs ramp rate
— CICC withstanding vaporization of LHe o .

- & =@ 01,035 g/s, 1=0.045, Pi=0.25MPa ;
—AC Losses during Fast Ramping ; a j{Em ik s oz | L
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—Quench Analysis i5 n e £"
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— Stability Assessment s i
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Results of SF Model Coil AC Losses vs Ramp Rate » ;
Loss Component Location 1T/s 05THE  0.25T0s @0 ° E =
. e Based on ramyp Iates ] -_| 000 .23 050 07 100 133 130 173 200 223 130 00 0: 02 03 04 05 06 07 02 09 310 1t
Charging Time _torcach full ficld . s . bs . 12 Pleweeate (pm/s) Remp Rate (T/s)
Ediy cawrent Tmilinced ClITENTS
(couphing and berween 5C flaments . . : T
Magnetization)  due 1o external field  §4.43 4221 2111 Brief Summary of Quench Analysis Summary of SF Model Dipole Stability
loss — Dlaments  changes and between L B Parameters evaluated Passed Rermar ks
and strands (T trands Parameter Case#l Case#2 - — —
el L. ;‘ 1 -;‘l . - =03 Shorl sample perlommance (S5F) in % Wi = TR 62E)
Hysteretic loss (T) 1:.]:1:11;1 SC ﬁh:::g:;im R.973 2973 8.073 Opela‘rmgl temperature (K}_ 5.02 lemperature margin {Sharing emperatare) K Yes =15 018570
_ 5[1]JC1'{'I:TI]J.C|11{‘[01' 3 - - Current sharing tempe%‘atl.u'e (K) 6.99 Stable for Beta (Adiabatic stability) Yes
Penetration loss (J) surface L7es L763 1763 Temperature margin (K) 1.97 Addiabatic s jurmpe stalnhy e
" Induneed clTents . . Short sample performance (%) 62.8 ynamic stability Wes
Sell-field loss (J) lfm n:-:ullfff' ﬁ]'d!.l.]l:‘;ltll.*- 1670 3670 3.670 Length of MPZ (mm) 0.161 Stable in lerm ol twisl pileh No  needed <10.5 mm
(.l.“: .Iu - llf"gh e MQE (ml) 3.57 Slable i fmile elanent siee ¥ e
— Il'“_hl'"‘m wrfmu - - - Conductor length for quench (m) 425 2.84 Cryogenic Stability - Not for the CICC
TOTAT AC TOSS, Fru o (1) 9885  S663 3593 2 e :
T A o w - Hot spot temp. (K) 52.07 74.8% —
TOTAL AC Lof.‘l 5. le_u f“-\.' ﬂ"ﬂ 3208 044 2,96 . 1 I p (h O <1 & 4__,_
during ramp _ _ _ Temp. at the point of initiation after event (K) =2000% 110.6
TOTAL LOSS, Qr.. (W) 16,08 13.44 6.0 Max. voltage, Line to GND (kV) >2.5 1.3
(Tncindes an assioned constans 4 W) Max. MIITs at 200 K | 16.2
MIITs estimated with dump resistor ! 1.19
Time require to run the magnet to 0 A incl. . <43
detection time (ms) for design ' '

7in 21.3 ms. Iin 40.88 ms, *in 768 ms. *#in 51 ms. ! no significance

November 14, 2018 2018 Accelerator R&D Pl Exchange Meeting S Jl.ﬂf&ﬂﬂ Lab



Test Plan — Site Selection

» Test Plan
—Testing in operational configuration — flow through CICC
—Field and Field Quality Measurements
—Ramping at rates up to 1 T/sec
—3 domestic labs provided proposals and appear to have capability
—Testing requires new test cryostat and LHe valve box
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BACKUP SLIDES
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Collider Ring Magnets

« Fundamental shift in Superconducting (SC) magnet technology:
Superferric->Cos-Theta

* lon Complex SC Magnets
—100 GeV lon Collider Ring
—Booster Ring
—200 GeV lon Collider Ring
—SC Magnet Reference Designs (RHIC, SIS300)
— Costing Methodology
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lon Collider Ring SC Magnets — 100 GeV lons

« All Magnets are Straight and have a Coil Aperture of 10 cm diameter

2 Dipoles, 1 Quadrupole, and 1 Sextupole magnet are contained within a single cryostat
Cryostat Size: ~11.4m Length x 0.61m Diameter:

Operating Temperature: 4.5 K

Dipole Bend Radius is 109 m, Sagitta at 100 GeV is 1.83 cm, Bend Angle is 2.1 degrees

Number of Magnet Strength (T, | Magnetic Length .
Magnet Type Magnets T/m, T/mA2) (m) Conductor type Conductor size
Dipole 254 3.06 4.00 NbTi Rutherford 9.73mm x 1.166mm,
30 strand
Dipole 5 4.67 4.00 NbTi Rutherford 15mm x 1.166mm,
36 strand
Quadrupole 155 52.9 0.80 NbTi Std. MR 1.65 mm x 2 mm
Quadrupole 44 82 0.80 NbTi Std. MRI 1.65 mm x 2mm
Sextupole 125 528.7 0.50 NbTi Strand .508 mm
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Booster Ring SC Magnets

« All Magnets are Straight and have a Coil Aperture of 10 cm diameter

Cryostat Diameter: 0.61m

Operating Temperature: 4.5 K

Fast Ramping Magnets — Dipoles ramped at 1 T/s, others follow suit
2 Dipoles and 1 Quadrupole are contained within a single cryostat

Number of

Magnet Strength (T,

Magnetic Length

Magnet Type Magnets T/m, T/mn2) (m) Conductor type Conductor size
Dipole 64 3.0 1.42 NbTi = modified for low 15mm x 2mm, 36 strand
AC losses
Quadrupole 92 29.6 0.40 NbTi=moditied for low 15mm x 2mm, 36 strand
AC losses
Sextupole 64 201.0 0.20 NbTi Strand .508 mm
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RHIC Dipole Magnets — Reference Design (RHIC Configuration Manual)

WARM-UP

« Comparable field strength: 3.52T HEATER

(DO Insertion Dipole) SURVEY
NOTCH

ELECTRICAL BUS SLOT
INSULATOR

* DO Insertion Dipole: 10cm Coll coiL
LOADING

Aperture FLAT
e Cold Mass OD: 0.277 m
e Cryostat OD: 0.61m

BEAM TUBE

STAINLESS
STEEL
COLLARING
—
MAGNET —~
MID PLANE

STAINLESS
STEEL
SHEAR PIN

HELIUM PASSAGE

1.2+0.1 1.166 =0.006mm
(AT MIDPOINT)
[@! FIELD SATURATION
: CONTROL HOLES

}-7 9.73+0.03mm 4|

CONTAINMENT VESSEL LAMINATED YOKE
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Required Changes from “Standard” Rutherford Cable to reduce AC

Rutherford Cable Design for High Ramp Rate

Losses:

Reduced Filament Size — 3.5um to 6.0um
Reduced Filament Twist Pitch

CuMn Interfilamentary Matrix vs Cu

Stay Bright ® Strand Coating

Thin layer of SS between cable layers

References

IFFE TRAMEATTICHNS G AFPLIED SUPFRSONTAICTIVITY, W01, 17, N L JUNE 236468 1475

Cable Design for FAIR SIS 300

Lo lapgents, G, Mosile, ML N Wilson, Mespbes IEEE, AL Clhiosly, A den Chicden, L Bogdanov, 5, Koo,
P oSheherbaboe, L Shivshoy, Lo Tkachenbo, 1 Bichier, A Werwed), G0 Willering, P Pabbeicaloee, aod G Volping

WAMSDO PROCEEDINGS

LOW LOSS WIRE DESIGN FOR THE DISCORAP DIPOLE*

(. \-"nlp[nii T. Alessandria, G Thellome, M. Sorbd, TRTN Bilane, T.ASA Taboratory, Tuldy
P. Tubbricatore, 5. Tarinon, B Musenich, TNIW Genowva, Tl
U Gambardella, INFN LNE, Ttaly
I Kougerts, €1 Morite, ML N Wilson, GR1, Darmstadl, Germany
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. . _ Reference
SIS300 IHEP Dipole — 6T Dipole Reference Design

Design of a 6 T, 1T/s Fast-Ramping

rigidity of 300 T-m, with 6 T, 100 mm coil aperture 2.6 m Accelerator
long superconducting dipoles. A two layer cos-theta
. . I.T. Kangerts, O Marite, £ %uehle, A Agees. T Tlogdanew, & Keenb, P Shcherhakoy, W Syimik.
magnet design, using a cored Rutherford cable, has been 1- Thachenke V. 7k, . Tomimasin 1. M. Wilkan, W, ssenal
chosen. p .
Maik CHARACTERISTICS OF DIFOLE

® COId MaSS OD ~052 m Central magnetic ficld. T [

° Cryosta‘t O D 1 ] O m Magnetic field ramp rate, T/'s 1
COiperating current, A G720
Stored energy. ki 200}
Inductance, mH 1.7
Mumber of lavers 2
Inner layer tarn number fd
Chater layer i number il
Conl inner diameter, mm [ (W}
Length of coil straight part, mm 580
Coil length, mm [ Q20
Collar thickness, mm 30
Thickness ol iron voke, mm L4
Thickness of outer evlinder, mm 10

Cuter diameter of outer evlinder, mm 520

Length of outer eylinder, mm 12492

Fig. 1. Cross-section of the dipole (one quadrant is shown). 1-coil, 2-inter-turn Weight of dipole cold mass, kg 1800

spacers (wedges), 3-key, 4-collars, 5-pin, 6-yoke, 7-outer cylinder, 8-weld. 13 e rg
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