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U.S. MAGNET

T Content

d Initial results of the comparative study of the 20 T designs

» The conductor usage are significantly lower in the common coil as
compared to that in other designs (cosine theta and canted cosine theta).

» This is opposite to what many expected. Difference is even more for the
expensive HTS.

» Isitreal? If so, why?
» Other interesting findings:
o flexibility in the common coil design, including in the number of layers
o overall cost of R&D dipole (for common coil one must have two bores)
d Work ahead and Summary
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Initial Observation from the

Comparative Study of Various Designs
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« Comparative studies of 20 T designs (as presented at MT) revealed that the common coil design uses
significantly less conductor than the other designs. Small differences in relative margin doesn’t explain that.

* This finding is opposite to that expected from the conventional wisdom. Why? Back to the design board...

* Explanation comes from the basic design principles. As the design field gets higher, relative ratio between
the bore area and the coil area changes significantly. That changes the optimization and the outcome.

* The difference is likely to grow for field quality magnets and particularly on the use of the expensive HTS
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us. mAGNeT — Cojl Geometries for Low to Medium Field Dipoles

PROGRAM (coil width much less than the magnet bore)

Accelerator magnets typically have circular bore. Therefore, a shell geometry is a natural choice. At low fields,
the required width (and area) of conductor needed is much less than bore. One can design magnets with a
single layer coil (RHIC). Block coil geometry will require many coils (layers) and may also use more conductor.

The basic rules of the cos theta dipole design: Block Coil Design

 Bis proportional to the width * (current density)
 Conductor area needed to create the dipole field
increases linearly with the radius of each layer
(worse for fixing higher order multipoles)
== ¢ Coil must extend to 60° (or more with wedges)
== for by=0. Maximum is 90°. RN —
— « These principles define the geometry and the
conductor area, with little flexibility left.
* At low fields, block coil designs appear less SPE SR
efficient and less elegant. They have not been
used in any major conductor dominated design

Cosine theta design
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U.S. MAGNET

peveLopMeNT — Another Observation: Coil Thickness

The coil width (number of layers) is primarily determined by the design field in the cosine theta and in the
canted cosine theta designs. A large flexibility in coil width to create same field has been observed in the
common coil design. And interestingly the coil width didn’t impact the conductor requirement that much.

1Bl (T) Bl (T) Bl (T) 4-layer design
6-layer design ~ayer gesign i

m 202 I E ' mm 2% I = 2038 Il ' .
= B =2 "B g == 'IE g
. . !g iy o 17.21 !!= 1:?: . i | B
[Py B 7 - Yoy B | ' B ==
— s | 1 l LR ‘. 1231 8
B e i| u | B e = Ill - 13.98 -
L) ' K ' F
12.81 | O - 12.92 . 1 .J 12.91 — |
11.75 I F = 11.85 I | 11.84 I- 1 \NF]
10.70 I . j 10.78 I . e 10.77 ' T
9.642 B 9.707 F 9.708 1=
725 HTS: 1 layer + pole block 7502 - 7812 e
: . avyer + pole blocks 7.562 . 7.572
Ly . 72'. ; mp I % bor W .. HTS: 1layer + pole blocks . HTS: 1 layer + pole blocks
= ::;(1) LTS é | urns in 72 bore [ 5.417 s 80 turns in %2 bore 5436 % 82 turns in 2 bore
' . O layers 4.344 . 4.368
= 2258 R :{98 turns in %2 bore = oz LTS 4 layers = 3301 LTS: S layers
[ Y 2 — K& < 188 turnsin %2 bore gy 2233 < 180 turns in ¥ bore
LI Total turns = 272 — Y = e
0.118 00ss  Totalturns = 268 0.007 Total turns = 262
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D Lenlar Coil Geometries for Very High Field Dipoles

PROGRAM

(coil width much greater than the magnet bore)

Situation changes for high field designs when the coil width (area) becomes much larger than
the bore (aperture). One must evaluate again the impact on geometry and other constraints.

|t
con e EEeEEE

Variables and constraints to optimize the cosine theta  Variables and constraints to optimize the block colil

and the canted cosine theta designs: and the common coil designs:
> Total coil width (radial width - free to grow) > Total coll width (horizontal width - free to grow)
o : _ » Coil Height (vertical height - free to grow) - major
> Pole Angle (limited to 90° max., 60° min. for b;=0) . .
. . difference from the cos 9 or canted cosine theta
» Field quality: use wedges (may be used for structure) > Field quality: use spacer (structure) & pole coils
» Radial space between layers for structure element g ' P P

» Horizontal space for structure elements

TRy Office of
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us.mMAcNt Qptimization of 20 T Design - max area & max field

TROGRAM (coil area much larger than the bore area)
*®  Need six layers (of which 2 4-layer design * In cosine theta and canted cosine theta, certain coil
m 2= 10 4 layers must be of HTS) .+ (HTS:only 1 layer) thickness or # of layers, is needed to create field.
= U * The same thickness (#of layers) must continue to the
= = I = riﬂ pole (60 to 80 degrees), the fill in between is
"% Gosine theta %,, % E s 5 - mE deter.mlned by.the c;osme theta optimization.
= 7 Y 4 Yé f/“ — = l 'j * The field remains high at pole for many layers, means
=i /2% 2SS w18 |8 may need HTS, depending on the angle.
Ef}ﬁ ’ \= "\ % %‘zég ! A "!"  Quter layers of current cosine theta designs, need to
e | - Common ol be extended to larger angle for field quality, which will
o sase use more conductor without creating much field.
S AR * Furthermore, since the field will be higher there, the
= Block Coil — need for HTS and more layers of HTS will grow.
” « Situation is very different in the common coil design.
EY * Horizontal and vertical sizes are fully decoupled.
o * This provides flexibility and saving on the conductor.
, & * Moreover, the separation between the very high field
" Canted cosine theta % 0 and medium field region is good between the layers.

* This means that the HTS is needed only in one layer!
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vverooven Field Quality in Common Coil Geometries

PROGRAM

(all MT designs had 104 harmonics)

4-layer design

6-layer design S-layer design REEUW

20.22 ! '
20.43 E—
18.10 ™~ 18.28 . F 19.31 I-
17.05 = nay 17 21 . S 18.25 .
15.99 - "- .l 16.14 = 17.18
12.81 ¥ 4 ) = 13.98
B 12.92 -
11.75 : ' L Ty 8
. Lt 11.85 2 e 12.91 —
10.70 ; 10.78 . - 11.84 [ B
9.642 ' : . 10.77 '
9.707 .
8.584 : 0,634 ' e 9.708
7.526 ' B
6.468 7.562 5 Bt e 0 & mdp_oct2021-612212-#0.0utput 3 8.640 . .
’ 6.489 |MREN TIBED! (B) oussvovsvmansnnasss suows svessmmesn vus 7.572 | R0 BRI aUEE] [Hmdp_oct2021-8i2212-e50 output € |
5.410 ' MAGNET STRENGTH (T/(m*(N=1)) -cueuceencenncanceanaans 6.504 MAGNET STRENGTH (T/(m*(n-1)) .........

e MAGNET STRENGTH  {T7im*in=i33 " o iioiiiiiiiiiiiiiiiiis 5.417 20.0236
- 4.351 - NORMAL RELATIVE MULTIPOLES (1.D-4): 5.436 NORMAL RELATIVE MULTIPOLES (1.D-4):
3,093 NORMAL RELATIVE MULTIPOLES (1.D-d): 4344 1. 10000.00000 b 2: 0.00000 b 3: 1.74349 [ | b 1: 10000.00000 b 2: 0.00000 b 3: 0.03617
B B O D a 3P0 b3 Q.28 [ 3972 b4 -0.00000 b 5: -0.14682 b 6: -0.00000 . 4.368 1, 4: ~0.00000 b 5: 0.08401 b 6: 0.00000
] 2.235 p 7: -0.13070 b 8: -0.00000 b 9% -1.40287 B b 7: -0.06433 b 8: 0.00000 b 9: -1.35518 3301° 7 0.39419 b 8: -0.00000 b 9: 0.78556
1177 b10+ -0.00000 bi11: -0.41513 b12: 0.00000 22 b10: 0.00000 bill: -0.33971 bl2: -0.00000 - b10: 0.00000 bill: -0.00864 bl2: -0.00000
- . b13: 0.01694 bi4: 0.00000 bi5: -0.,00172 - b13: 0.01717 bl4: -0.00000 b15: -0.00691 2.233 bi13: -0.08354 bl4: -0.00000 bl5: 0.01549
0.118 g%g :888828 E%g —88(1)838 318: -0.00000 1.127 »ie: -0.00000 b17: -0.00836 bl8: -0.00000 [ ] b16: 0.00000 b17: 0.00697 b18: -0.00000
. 2 . : . [ ] 0.055 % -0.00005 b20: -0.00000 b B 1.165 p10: 0.00128 b20: -0.00000 b
SKEW RELATIVE MULTIPOLES (1.D-d): : 0.097
- é: 88?%28 3 %: 888%88 . g: 883882 Sml:w RELATSVEOEEETIPOSES (l‘Da‘”sizm 3 0.00000 . et mimee e TN
ad: -0 s % : 3 al: . a 2: . a 3: -0. al: 0.00000 a 2: 0.01594 a 3: 0.00000
21(7)5 _g.ggggg 21?5 ‘8.38338 2135 8-8?88% a 4: -0.05237 a S: -0.00000 a 6: 0.09507 a 4: 0.09502 a 5: 0.00000 a 6: 0.05581
al3: 0.00000 ald:  -0.00453 alb:  -0.00000 5 4 Logach At gunfell mls 0000 a 7: 0.00000 a 8:  -0.50366 a 9:  -0.00000
alb: -0.01161 al7: 0.00000 al8: 0.00013 al0: 0:25613  ‘all: —0-00000 aiz: =9:00656 al0: 0.49972 all: 0.00000 al2: 0.15736
al9: 0.,00000 a20: 0.00099 a al3: 0.00000 al4: 0.01272  als: Re0Rg00 al3: -0.00000 al4: -0.04431 al5: 0.00000
a16: €.01090 .a17: 0-00000 ‘aig: 0-00083 ale: -0.00486 al7: -0.00000 al8: 0.00185
Al9: =0:-000007 .420: 0-00046 7 als: -0.00000 a20: 0.00141 a
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Severosmen Operating Margins in Common Coil Geometries
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PROGRAM .
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. RECAP 1: Relative Difference in the “Bore Area” and

PROGRAM “Coil Area” between Low-field and High-field Dipoles

Block coil design
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RECAP 2: Initial optimization of 20 T geometries reveals that the common coil

designs uses “significantly” less conductor (not more) than the other designs

. Bl (T . . .
ok o Conductor Usage in Various Designs
2050 . 20,38 W HTS cond
= 2 Cosine theta e g, 10000 LTS cond
—B — P -= | 9000
- . 8 Total Cond
—3 Ly S 8000
| o1 $ 7000
o T 6000
9.708 1
e.040 R < 5000
- 6:504 4000
- . 3000
—Re Common caoil
— R 2000
- 1000
- 202 I = 0 I I I I I I
- 19.16 E
R I 1iF T CTICTI SMCTISMCTIl CCT  BLIBLII  cClcCl
15.99 5
= 14.93 _I Ili In
[ = ] .
201 B u i . Block Coi . N
11.75 I F H ot Top coil =
10.70 I . : HTS DP+Nb3Sn DP
o B g _
= 7.526 % 0 E"
6.468
- w5410 6-laver design Bottom coil =
Canted cosine theta g bpodd y g ” HTS DP+Nb3Sn DP
= ff:: 0o 50 150 0
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U.S. MAGNET
DEVELOPMENT

PROGRAM Specific to the Common Coil Design

» Updates
» Challenges, Opportunities, Work Ahead
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vverosment  Mlodular Common Coil Design (1/22)

PROGRAM

(matched margins, all Nb;Sn identical, one HTS + pole)

» Three Nb;Sn layers made identical - less tooling, less spares, sort/switch between layers - reduces cost of R&D magnet
» Good field quality; margins between HTS & LTS matched within a few tenth of a percent; considerations for the structure

Structure

—|E== 111
1 | \

1 I :

N —— .
? 0 50 100 150 200 250 300 350 400 450 500 550 600 . ) wﬁ .
7 9 11 Bi2212 NbsSn lterate magnetic &
=

od
Identical in size (and in total current) blocks (1,2,3,4); (7,9,11); (8,10,12) mechanical design
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orveoeme SUMmMary of the Modular Design (1/22)

PROGRAM

(good field quality, matched margins, HTS & 3 identical Nb;Sn)

1Bl (T)
Geometric harmonics < 0.5 10“ (not 5.0 104) | _ ...
19.66
= 18.57
- 17.49
METN HERMONIC . it ittt i e e e es s s esesceenseseeseenenns 1 —
REFERENCE RADIUS (M) e e e e e e e e e e e e eee e e 15.0000 pam 1%
¥-POSITION OF THE HARERMONIC COIL (mm) ........c...... 0.0000 :;fi NO Of Turns
Y-POSITION OF THE HARMONIC COIL (mm) ............... 200.0000 e (Y2 bore)
MEASUREMENT TYPE . ..ovveneseeannnnnnnnn. ALL FIELD CONTRIBUTIONS 0.92
ERROR OF HARMONIC ANALYSIS OF BT +ovevnevneennnnnnn. 0.3228E-04 8.806 = HTS: 80
SUM (Br(p) - SUM (An cos(np) + Bn sin(np)) ;:i: .
= LTS: 182
MEIN FIELD (T) & ee ettt e et e e e e e e e e e e e 20.000066 W 33
MAGNET STRENGTH (T/ (m™(N-1)) «@vvorreeeeeeeeennnnnn. 20.0001 Rl 221 Total: 262
] 1.208
0.120
NORMAL RELATIVE MULTIPOLES (1.D-4): 100 Bo (T) Bpk(HTS) Bpk(LTS) Margin
b 1: 10000.00000 b 2: 0.00000 b 3: 0.00537
b 4: -0.00000 b 5: 0.02576 b 6: 0.00000 90 20.00 | 20.75 | 13.60
b 7T: -0.07742 b 8: -0.00000 b 9: -0.41532 80 23.00 23.88 15.68
b10: 0.00000 bill: -0.26062 bl2: -0.00000 23.10 23.98 15.74 15.5%
bl6: 0.00000 bl7: -0.00436 blB: 0.00000  __ =
b19: -0.00092 b20: -0.00000 b < 60 =-lc (Bi2212)
SKEW RELATIVE MULTIPOLES (1.D-4): o oBo (T
a 1: 0.00000 a 2: -0.018%0 a 3: -0.00000 S 40 o(T)
a 4: 0.00591 a 5: -0.00000 a 6: 0.11424 o Bpk(HTS)
a 7: 0.00000 a 8: 0.02483 a 9: ~0.00000 30 -+Bpk(Nb3sn)
alo: 0.14186 all: 0.00000 al2: -0.00881 20
al3: 0.00000 alé4: 0.00515 al5: -0.00000 . T ——se,
alé: 0.00259 al7: 0.00000 alB: 0.00066 10 ///*
alg: -0.00000 a20: 0.00012 a _—
0 —
0 5 10 15 20 25

Field (T)
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U.S. MAGNET

proc=NT 1 orentz Forces in the Common Coll

Common coil geometry is advantageous in

8
Structure £ 7 B FORCE -X- dealing with the large Lorentz forces
a ﬁ ﬂ l z B FORCE-Y- > Primary horizontal (maximum vertical
! 10 12 E 5 . .
Q > 4 force on any block is 1/3 of horizontal)
Hm E z » Horizontal forces do not put much strain
H === g 1 I II I I on conductor in common coil (more later)
1 —
3 X 2 L1 1 » Small forces on pole (mostly horizontal)
o ) » Space for structure to be iterated

— e Emag. force / L (M/m) Fx /L (N/M) Fy /L (N/M)
. === ] .
4 =7= E9=F113 ] (109 277 (10
14001 1 - 14.00 - .
2 13268 ] — — R
12535 ] - 11.05 - 6.138 |
— 7 % 11803 : — RS — e
e 1070 8.105 — R | | |
10338 ] . 3.682
- ;. [ | | |
gggg 5158 2.864
: 3.684 2.046 | |
8139. 1.227
7407, 2.210 .
—rl—=& G674, 0.736 0.409
. ) 5942, 073 -0.40
Bi2212 Qm Nb-Sn —  be -2.21 1.22 _
3 4476, -3.68 -2.04 |
Z . aT4a = s I L |
s 6.63 -3.68
2219, 2 - = -4.50
1545. ; . -5.31
o1 | Ry . .
e = . .

-14.0 -7.77
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U.S. MAGNET
DEVELOPMENT

PROGRAM

Design with More Space for Structure

(to be iterated with mechanical analysis, may need less)

Only 8% increase in conductor for providing

~3-6 mm vertical and 6 mm horizontal space

MAIN HBRMONIC: wiovsivanisiseisn stowiierrssisnienia sraieisiswemsteinnte 1
REFERENCE RADIUS (M) .o aiosicsisaeieteisione seialie st sterees 15.0000
X-POSITION OF THE HARMONIC COIL (MM) .....coceeceens 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ......ccceceee- 200.0000
MERSUREMENT: BYPE: :cicimsesivne aie: srorem:sierereisinioieme ste ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br .....coceeececncnans 0.3463E-04
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAIN FIELD (T) «cececeeneneencacacncnacnsencanannanas 20.000772
MAGNET 'STRENGTH. (T/ M2 (N=1)] < cecriciens sossenssonsni 20.0008

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: 0.00750
b 4: -0.00000 b S: 0.03035 b 6: 0.00000
b 7: -0.03184 Db 8: -0.00000 b 9: -0.57950
bl0: 0.00000 bl1l: -0.18084 Dbl2: -0.00000
bl3: -0.00462 Dbl4: -0.00000 Dbi1S: -0.00500
blé: 0.00000 Db17: -0.00297 bil8: -0.00000
bl9: -0.00044 Db20: 0.00000 b

SKEW RELATIVE MULTIPOLES (1.D-4):

a l: -0.00000 a 2: 0.00071 a 3: 0.00000
a 4: -0.03296 a S: -0.00000 a 6: -0.00676
a 7: 0.00000 a 8: 0.35166 a 9: -0.00000
alo: 0.22734 all: 0.00000 al2: 0.01060
al3: -0.00000 al4: 0.00915 als: 0.00000
aleé: 0.00620 al7: -0.00000 als8: 0.00130
alg: 0.00000 a20: 0.00031 a
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Current (kA)
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8.724
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6.555
5.471
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3.301
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0.048

T
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No. of Turns
(Y2 bore)
HTS: 82
LTS: 201

Total: 283
(increase from

80+182=262)
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4 4]

I(kA)

Bo (T)

Bpk(HTS) Bpk(HTS)

Margins

13.57
15.83
15.83
16.01

20.00
23.00
23.00
23.25

20.654 13.503
23.757 15.489
23.757 15.489
24.018 15.659
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T Work Ahead
(priority mechanical desigh and analysis)

Mechanical analysis of the 20 T HTS/LTS hybrid design (work just started).

PROGRAM

YV VY

Provide feedback to magnetic design for the space needed for the structure
between layers and within layer. Iterate magnetic and mechanical designs.

Develop concepts for assembling the magnet.
Perform 3-d magnetic and mechanical analysis for a 20 T design.

Perform refined mechanical analysis for practical 3-d structures.

YV V V VY

Several common coil dipoles with main coils have been built and tested.
However, none have been built with the pole coils necessary for the field
qguality. Build pole coils and demonstrate them in a proof-of-principle magnet.

» Perform cost estimates of R&D dipoles and for large scale series production.

Office of

“2/ENERGY | science Common Coil & Relative Conductor Usage in a 20 T dipole -Ramesh Gupta, BNL Feb 2, 2022



U.S. MAGNET Key Benefits of the Common Coil Design

DEVELOPMENT

PROSRAN for HTS/LTS High Field Hybrid Dipoles

Structure
 Coil layers move as a module without causing 3 Qﬂ 7ﬂ ﬂi 12

strain at ends (BNL common coil had 200 pum).
This should also save on the structure needed

wT'

 Flexible space for stress managed structure

J Natural segmentation between HTS and LTS for ﬁ[ﬂ
efficient optimization of conductor usage =

Bi2212 &  Nb.sn
=

1]
il
i\l[“

. ||||: |_|

1S

\
;

d Simple coil geometry with large bend radii allow - yETETE
more technologies (W&D, R&W), more cables, ' ﬂ A
more materials, etc.

J Modular design for low-cost, fast-turn-around Q_‘y’l*
R&D (PoP: 12.3 T MDP HTS/LTS hybrid dipole)

Office of
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U.S. MAGNET A Few Possible Layouts of Pole Coils Clearing
DEVELOPMENT

PO the Bore (other geometries shown elsewhere)

Practice pole coil windings and
preliminary designs (performed under
three SBIR Phase I; no Phase Il).
They can be built and tested under MDP.

T Office of
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U.S. MAGNET Splices in Common Coil Design

DPMENT

%% (between two single layer coil)

%% In common coil design, splice (even between two types of coils), can

— be easily made in the middle of the coil where the field is very low
——

—— ,

%% Perpendicular Nb-Ti splice in the low field

region of BNL common coil dipole DCCO17

MuTi JUMPEES '

Bi2212 Nb,Sn
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U.S. MAGNET

DL ORMENT Summary

» MDP comparative study revealed that for very high field dipoles (20 T),
common coil design uses significantly less conductor than that used in other
designs. The analysis presented here explains why it is so. Is mystery solved?

» Common coil allows easy and efficient segmentation between HTS and LTS -
only one HTS (Bi12212) layer is needed for creating 20 T with 15% margin.

» Designs presented here show that the same design of Nb,Sn coils can be used
for all layers. This provides a significant savings on design, engineering,
tooling, number of practice and spare coils, etc. This means that the cost of
common coil R&D dipole may be competitive despite the two apertures.

» A lot of work is still remaining to fully develop various aspects of the design
and technology for all options (including ReBCO). A good opportunity for long
term R&D for young scientists and engineers for pioneering work.

Office of
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U.S. MAGNET

DEVELOPMENT Some Observations and Possible Explanation

Cos3 without and “with stress management” : .
& Block coil designs

 Comparative studies of 20 T

. , 0‘.’5\ RO :
comonon oot dosigh, one oo 2 fHeSes o Cemedosne The
get away with fewer layers 8Eey Seragy
and it uses less conductor. \:o:'f'/ \‘1’:0:.'
* This is opposite to what was .
the conventional wisdom. | PR &% Common coil

Small differences in margin

[ TSRS :
. EEEs SREmEE ' design
can’t explain that S i EmeEg
P : EEEES - SoaEgg T T—
- in goi L AL SN T - L [
* Any basic change in going AN T =z se=i=
: : 5 0% S = =R
from lower to higher fields" S 4 ot
Parameter Unir CTI CTII SMCT I SMCT I CCT BL1I BL II CCI ccl CCclII
Ins. cable I width/thick. mm 10.7/1.5 12.0/1.7 123/15 123/15 18.7/1.9 17.1/21 17.1/21 18.7/18 18.7/18 7.5/75
Ins. cable IT width/thick. mm 94/15 142/21 10.7/1.5 139/15 - 17.1/21 17.1/21 136/19 136/19 216/19
Ins. cable ITT width/thick. mm 93/1.5 79/15 9.1/15 9.1/15 - - - - - -
Current_op kA 10.7 13.0 114 118 12. 126 122 14 139 17.8
B _bore_op T 200 200 201 200 200 200 200 200 200 200
B _bore opHTS/LTS T 205/12.7 203/16.1 206/136 206/16.0 202/132 206/15.1 209/152 204/138 202/13.7 21.0/17.0
B bore_ss T 244 235 244 232 234 236 236 229 23 217
B bore ssHTS/LTS T 249/154 238/177 249/164 238/184 236/129 243/17.7 247/18.0 233/157 233/157 247/18.2
Load-line margin % 18/25 21/15 22/18 20/15 14/ 14 21/17 22/17 13/13 13/13 15/7
Area quad. ins. cable HTS mm? 3241 1494 2091 1527 4490 1360 1500 1290 1154 1012
Area quad. ins. cable LTS mm? 2150 6106 3780 5148 4915 4740 6000 2326 2558 4191 <« =Typ0’)
Coil width* mm? 105 129 144 149 135 80 112 70 104 106

Coil inner radius* 25 25 30 30 35 35 25 25

'1‘_ U5 DEFARTMENT OF Dﬁ'l =] f_'rf

ENERGY |science 11/19/2021 P. Ferracin, "Towards 20 T hybrid accelerator dipole magnets" 20

NERGY | scionce
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Magnet Designs for <10 T Dipoles

— two-phase helium
two-phase P
helium

‘\, single-phase liquid helium
X

20> Q2 e e
<> N IATEIITIIIITIELTEEIIEILESE LIS ST I \\’
4 /  —  —
: ’:(—\\ ‘ - ) . \“\

fi— aluminium-alloy collar

groove-and-tongue
interlock of collar
and yoke

beam pipe with
correction coil

weld joints of half yokes
and half cylinders

_ e LHC Dip
RHIC Dipole

WARM—UP ELECTRICAL BUS SLOT bk |
HEATER

. Alignment target

- ...~ Omadripole bus-bars
NSULATOR ——

-——Heat exchanger pipe
.~ Insulation

SURVEY
NOTCH

COIL -
LOADING __Superconducting
1 § N
BEAM TUB [ - i magnet
A Twin beam pipes
I|
Nacuum vessel
AINLESS [
ST | ‘. Beam screen
; OLLAF
/1 i '-J l . Amxdliary bus-bars
MAGNET E )
MID PLANE |\

- '-.-'l--.__He].iu.ln vessel

A/~ Thermal shield
T  to 73
] &N Non-magnetic
- il support collars
B ) STANLESS | Iron yvoke (1L.9K)
S :

e Dipole bus-bars
"~ Support post

HELIUM PASSAGE

CONTAINMENT VESSEL LAMINATED YOKE

5. DEPARTMENT OF Ofﬁce Of

NERGY Science

(all use NbTi conductor and cosine 0 design)

Cosine (0) like current distribution
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U.S. MAGNET

beveLopMENT - Common Coil Concept for Collider Magnets

) - » Simple 2-d coil geometry for collider dipoles
Coil #1 > = > Conductor friendly design with large bend
= radii (determined by the spacing between two
apertures) without complex 3-d ends
> Allows both React & Wind and Wind & React

» Block design with lower internal strain on the
conductor under Lorentz forces

» Easier segmentation between LTS and HTS
coils for high field magnet (modular design)

» Fewer coils (about half) as the same coils are
common between the two apertures

» Simple magnet geometry and simple tooling,
expect lower labor and tooling costs

I . . . . . . .
1 Main Coils of the Common Coil Design > More options for producing relatively lower
: (more complex pole coils also required for field quality) cost and more reliable high field magnets

2-in-1 Coil

2-in-1 yoke
e
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