US-MDP Nb,;Sn Cos-theta Magnets

FCC Week in Amsterdam,
April 9-13, 2018

%‘ U.5. DEPARTMENT OF Office of

Iifg‘ E N ERGY Science



U.S. MAGNET
DEVELOPMENT

PROGRAM Outline

% The U.S. Magnet Nb;Sn Cos-theta dipole program plan and
/ Development Program Plan ste pS

e Step 1: 15T dipole demonstrator

 Step 2: 15T dipole demonstrator +
utility structure

 Step 3: 16-17 T dipole with stress
management

el © Large-aperture Nb;Sn dipoles: 120-mm

L I aperture dipoles with stress
7l Q) management for HTS coil test

/\I . Z2£Fermilab | ¢ Conclusions
| 3 [MAGLAB
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U.S. MAGNET
PROGRAM ' Nb.Sh Cos-theta Magnet R&D Plan

2016 2017 2018

Push traditional Cos-theta technology to its limit with newest conductor and structure

15T with ,
Cos-theta 4 layer 15T Preload mods e 4-layer 16 T Cos-theta
Leverage IateSﬁ@Pa& Bladder and || Impact of prelﬂadstep 2 Optimized 1£ﬁe@ aghaseline

Key structure training

 Step 1: 15 T dipole demonstrator design.
* Explore target field and force range.
» Serve as technical and cost bases for comparison with new concepts.

 |s an opportunity for program integration, particularly in the area of
support structure design, and for exploration of different mechanical
structures.

* Most cost effective way to exceed the field obtained 20 years ago in the
LBNL D20 dipole.
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U.S. MAGNET

DEVELOPMENT - -
LA MDP 15 T Dipole Demonstrator Design
> Coll: _ > Cable:
* 60-mm aperture, 4-layer graded coil « L1-L2: 28 strands, 1 mm RRP150/169
W, = 68 kg/m/aperture « L3-L4: 40 strands, 0.7 mm RRP108/127

« 0.025mm x 11 mm SS core
* Insulation: E-glass tape
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— RRP-108/127 RRP-150/169
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» Mechanical structure:
* Thin StSt coil-yoke spacer
» Vertically splitiron laminations
* Aluminum I-clamps
* 12-mm thick StSt skin
* Thick end plates and StSt rods
+ Cold mass OD<610 mm
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U.S. MAGNET

DRy MENT SSL and Design Field (or Magnet Design Limit)
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PROGRAM

U.S. MAGNET
() DR A MENT Magnet Parameters at 4.5 (1.9%) K

Parameter D20 (LBNL) HD2 (LBNL) FRESCA2 (CERN) HFDD (MDP)

Test year 1997 2008 2017 2018 (plan)

Max bore field [T] 13.35 (14.7%) 15.4 16.5 (18%) 15.2 (16.5%)

Design field Bge;s [T] 13.35 15.4 13 15

Design margin Bges/Bmax 1.0 (0.9%) 1.0 0.8 (0.7%) 0.96 (0.89%)

@QM IT] 12.8 (13.5%) 13.8 ~13 TB[}>

St. energy at Bges [M]/m] 082 0.84 16 1.7

Fx/quad at Bge; [MN/m] 4.8 5.6 7.7 7.4

Fy/quad at Bges [MN/m] -2.4 -2.6 -4.1 -4.5

Coil aperture [mm)] 50 45 100 60

Magnet (iron) OD [mm] 812 (762) 705 (625) 1140 (1000) 612 (587)
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IEJ'E—:S\EEMSGHET
LOPMENT H .
PROGRAM Fabrication Status

* All coil parts and structural
components are available.

e (Coil and mechanical structure
fabrication is in progress.
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U.S. MAGNET

DEVELOPMENT .
PROGRAM Mechanical Structure

Fillers

End Plates

o

Axial Rods
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U.S. MAGNET
DEVELOPMENT

PROGRAM Coil Components

Cable (FNAL)

L1/2 parts (CERN

/= Y B3 B
* 420 m of 28-strand cable (4UL) /4 | ERE S
« 350 m of 40-strand cable (3UL) — £E ‘ ‘E

“
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L3/4 parts (ENAL) , J r e =
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Ti and Glidcop Wedges  Ti poles and spacers, SS saddles
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U.S. MAGNET

DEVELOPMENT :
PROGRAM Tooling

Plates sealed with
two layers of mica

Plate for alignment
of blocks and lifting

Yoking tooling

Argon inlet ——

Splicing These screws provide compression to seal
lead tubes (shown next slide)

‘ ) F10048535
“‘ » Mass ~470 kg

Impregnation fixture |
* Reaction/impregnation (2 sets)

Fabrication of coll o L1-L2
reaction/impregnation tooling o L3-L4
was delayed =>impact on coil . Yoking

fabrication schedule
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IEJ'E—:S\EEMSGHET
LOPMENT .
PROGRAM Mechanical Models

Models:

 5cmlong

e 1 mlong

MM components:

* lIron laminations

Al l-clamps

 Coil-yoke shim

* Instrumented “dummy” Al
coils (short and full-size)

Goals:

* To test all main components
of the mechanical structure
and tooling.

* To develop a coil assembly
plan and pre-stress targets.

e To check instrumentation.
 For FEA validation.
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U.S. MAGNET

RO RENT L3/L4 (Outer) Coil Fabrication

Coil #1 Coil #2 Coil #3 Coil #4 (to replace coil #1)
*  Coil winding-curing- e Coil winding-curing is * Coil winding-curing-reaction- «  Coil winding in progress

reaction-impregnation is complete impregnation is complete «  Coil parts from coil #2

complete * Short in the transition e 7 witness samples tested e Cable is available

e 8 witness samples cable has been found * Coil size measurements in g '
tested and repaired progress

* Coil size was measured « Strand damage was o
* Damaged due to shell found in transition area -

buckling

B /R

Coil #5 (spare coil)

. Need coil parts and cable
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U.S. MAGNET

DR AN ENT L1/L2 (Inner) Coil Fabrication

Coil #1 Coil #2 Coil #3 (spare coil)

* Coil winding-curing-reaction * Coil winding-curing is e Coil winding-curing is
is complete complete complete

* Preparation to impregnation Preparation to reaction in e Coil stored in holding fixture
in progress progress
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U.S. MAGNET
DEVELOPMENT

PROGRAM Coil Heat Treatment Optimization

0.7 mm RRP108/127 1 mm RRP150/169
40-strand cable with SS core 28-strand cable with SS core
IEDERS DS HOEDOOE DG o OO C000.
) Y e e WA -~ - < | .
olc(12T) + - 28.75 620
475 | ™ Bc20 * ¥ - 285 600 t . 240
o - 28,25
~ 365 | & 2 o
= 11 T dipole _ F 2075 o in 560 200 &
v * I - 27.5 :: . -
455 | ] ~ 540 . 180
4 t [ 375 = Ic (Billet A)
1 - 27 520 | e Ic (BilletB) 160
445 I i l l 26.75 Average RRR ¢
640 645 650 655 660 665 - 500 140
660 665 670 675 680

Max. HT Temperature (48 h), °C
Max. HT Temperature (100 h), °C

180 ‘-_T ]
L3-L4 witness samples:
E 140 Location: tooling — 1 Rd+3 Ext, retort — 2 Rd+6 Ext
100 ¢ : * 1c(12T) =504 A (tooling)
¢ * Ic(12T) =498 * 3 A (retort)
60 : 'r e

* RRR =108t 22 (tooling)
* RRR=741%6 (retort)

640 645 650 655 660 665
Max. HT Temperature (48 h), °C
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U.S. MAGNET
DEVELOPMENT

CROGRARM Step 2: Utility Structure with Key&Bladder Technology

Step 2: A successful series of magnets will provide a platform for performance improvement.

60 mm aperture
Bues~15T

Utility structure parameters:
o Al shell OD: 750 mm
o Al shell thickness: 75 mm

V4T N
. . o Coil-pack horizontal and vertical size: 320 mm
.. l{.‘_‘t‘_’n\\

o]0 \

oW o * Next steps:
N oo 7 o Design studies are complete (M. Juchno)
\ ale /

o Engineering desigh - FY2018
o Fabrication - FY2019

15 T demonstrator assembly and test in FY2019
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U.S. MAGNET
DEVELOPMENT

PROGRAM

SM

Step 3: 60-mm aperture 16 T Dipole

Step 3: 16 cos-theta design to explore the limit of Nb;Sn in this geometry.

Parameter

IC oC

Bore field, T

Peak field, T
Current, A
Inductance, mH/m
Stored energy, MJ/m
Fx, MN/m/quadrant
Fy, MN/m/quadrant
Number of turns

15.61
16.25
11.34
25.61
1.65

5.8 1.6
-1.2
44 65

-3.3

16.07
16.44
10.80
35.42
2.06
4.8 4.7
-0.5
38 102

Bore quench field (T)

18.5

2500

3000

——BL 4.2 K
—@= BL 19K
—o—SM 4.2 K
—@= SM19K

3250 3500 3750 4000
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Equivalent Stress

ANSYSL'
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U.S. MAGNET
DEVELOPMENT

PROGRAM

11T
Structure: 556 MPa

Next step

120 mm 2-layer and 4-layer dipoles

ANSYS
NODAL SOLUTION T8l
STEP=3 FEB 6 2018
SUB 16:46:00
TIME=3
SEQV (BAVG)
DMX =.440E-03 -127E+08
SMN =.127E+08
SMX =.170E+09 L299E+08
L472E+08
. 644E+08
X
.816E+08
989E+08
L116E+09
L133E+09
L151E+09
170 MPa ol
X
HFM Optimization

Equivalent Stress

MP shim

=0m Rad shim=.125E-03m Skin shr=.400E-03m

15T

U S OEFAaRTRMERNT OF

ENERGY

Current = 10100 A B at 0,0= 15.0659 T T =4K
Cyl: SS SS SS SS SS

Pol: Ti Ti Ti Ti

Wed: SS SS S5 SS

HEM Optimization

ANSYS Release

Build 18.1
FEB 1 2018
14:15:39
NODAL SOLUTION
STEP=3

SUB =1

TIME=3

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.436E-03
SMN =.392E+07
SMX =.215E+09
o

Hl 119408
I .223E+08
B .3418+08
[ .445E+08
[ .564E+08
[ .668E+08
[ .787E+08
[ .891E+08
[ .101E+09
[ .111E+09
[ .123E+09
[ .134E+09
[ .145E+09
] .156E+09
0 .168E+09
[ .178E+09
Hl 190E+09

ANSYS)

NODAL SOLUTION F:18.1)
FEB 6 2018
A ~ 13 l_““ 16:49:08

-.134E-04

max

-.119E-04
-.105E-04
-.899E-05

-.753E-05

//// -.607E-05
/ // -.460E-05
/j:::;/ -.314E-05

/ -.167E-05
é — oI
oM

X
HFM Optimization

Coil-structure gaps

MP shim =0m Rad shim=.125E-03m Skin shr=.400E-03m
Current = 10100 A B at 0,0= 15.0659 T T =4 K

A__ ~40 pm

Pol: Ti Ti Ti Ti
Wed: SS SS SS SS

maXx

HFM Optimization

ANSYS Release
Build 18.1

JAN 30 2018
23:02:12
NODAL SOLUTION
STEP=3

SUB =1

TIME=3

CONTGAP  (AVG)
DMX =.435E-03
SMN
)

-.368E-04
-.347E-04
-.327E-04
-.307E-04
-.287E-04
-.266E-04
-.246E-04
—-.226E-04
-.206E-04
.185E-04
-.165E-04
-.145E-04
-.125E-04
-.105E-04
-.843E-05
-.641E-05
-.438E-05
-.236E-05
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U.S. MAGNET

DR AN ENT Coil Stress Management Technology

 Two possible end designs and
technologies:
o Design 1: winding with spacers;
o Design 2: winding into slots.

Design 1

Dffice of

FHT N, us. DEFARTRENT OF ) o O
S ENERGY | science



U.S. MAGNET
DEVELOPMENT

CROGRARM Cos-theta Dipole Test in Utility Structure

60 mm aperture
Bues~15T
BL

Utility structure

' . . .."-..
oL cesReat . .
.wmﬂ.

60 mm aperture

Bues~17 T
SM /
: 14 , '9
E ' E 2 heccscscsccacsess ' “
ii:‘ =—8F ¢ I:_ e m perre mm aperture |- “‘
-m=ma=— K—=—==-32 Bues™15T [
: | Support structure has to keep > '
7 iron yoke closed \ "'
010 1I2 1;4 16 “ 0’
Bore field (T)
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U.S. MAGNET

DEVELOPMENT H
PROGRAM Conclusions

Fabrication of 15 T dipole demonstrator is in progress:
o Design and procurement are complete.

o Coil fabrication is in progress.

o Mechanical structure is being tested.

o Magnet test is scheduled for September of FY18.

Design study of 16 T dipole with small aperture is complete:
o Ready to start SM coil technology development.

Design studies of magnet Utility Structure are complete:
o Engineering design is next.

Design studies of large-aperture 15 T dipole continue.
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U.S. MAGNET
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