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U.S. MAGNET

peveLopMeNT 2 T HTS/LTS Hybrid Common Coil Design

» Hybrid designs for (a) Bi2212 and (b) CORC in series with Nb,;Sn
» Optimized for a good field quality

» 4.2K and 1.9 K design options

» HTS/LTS splice considerations

» Mechanical structure considerations

» Issues/benefits specific to common coll
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U.S. MAGNET
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DS IMAGHETE Field Quality in 20 T Common Coil

PROGRAM

Bi2212/Nb.Sn Hybrid Design

REFERENCE RADIUS (IMIM) . . v i vt m e e e e e e e emeamenannnenansa 15.0000
X-POSITICN OF THE HARMONIC COIL (mm) ......ccuocueenen.. 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) .. .o enan- 19,0000
MEASUREMENT TYPE .. ..o i i e e e e e e e e e e e ALL FIELD CONTEIBUTIONS
ERROR OF HAEMONIC ANALYSIS OF Br ... mme e e ie e 0.26%9cE-03

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

METN FIELD (T) s i i e e m e e e e e e e oemmmmmmmemmemmeemmem 20.0256771
- -4
All harmonics <10 (normal and skew)

NOEMAI RELATIVE MULTIPOLES (1.D-4): SKEEW RELATIVE MULTIPCLES (1.D-4):

b 1: 10000.00000 b 2: g.00000 b 3- 0.00275 a 1: 0.00000 a 2: —0.00g12 a 3: —0.00000
b 4: 0.00000 b 5-: 0.000e7 b &: -0.00000 a 4: 0.00048 & 5- g.00000 a &6 0.00101
b 7: 0.00388 b 8&-: 0.00000 b 9- —0.78484 a i: -0.00000 & 8: 0.28080 a 9: 0.00000
bl0O: 0o.00000 bll: -0.33370 bl2: —0.00000 all: 0.146%4 z11: O.00000 al2: 0.00855
bl3: -0.01708 bl4-: 0.00000 bls: 0.00605 al3: 0.00000 ald: -0.00321 als: —0.00000
bla: O.00000 bli: -0.0066% blB5: O.00000 alo: 0.00545 al7: -0.00000 alg: 0.00152

20T HTS/LTS Hybrid Common Coil Design -Ramesh Gupta, BNL September 29, 2021



U.S. MAGNET

DEVELOPMENT 50 mm, 20 T Common Coil Bi2212/Nb;Sn Hybrid Design

PROGRAM
Bl (T) HTS LTS |MDPCCCORC  Bi2212 -
LTS LTS J Ins w 1'9 11.13
] 20.46 I - - |Ins h 20.3 10.54
e I o = Ins Area 38.570
- . 8.786
C 17.24 Current 12100 g
16.17 7.029
= 15.00 B,=20.03 T |Jo (A/mm~A2) 313.72 o
14.02 EFIEEI( {T} 20.458 5.272
1295 | e
11.87 I h ot _ 3.514
1040 | - =" |mDPH2 NbsSn A
9,727 : i 1 1.757
8.653 o |Insw 1.9 vt
m |Ins h 13.6
| Ins Area 25.840
- 5.431 |
—REa Peak Enhancement Current 12100
- 3.283 o -
— ~2.2% 1Jo (A/mmn2) 468.27
] ;;g: (low peak field enhancement) |Bpeak (T) 15.055
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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
——

== S oo 2

%% 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

DEveLRET Conductor Used

HTS (Bi2212) Nb3Sn
NUMBER OF BLOCK -« « v u e e e eoeee et e eee e e e e e e 1  NUMBER OF BLOCK . . . . . . ... 5
NUMBER OF CONDUCTORS .. ..euinn i 3 NUMBER OF CONDUCTORS -« -« v cneee e eee e e e e aeee e 30
POSITIONING ANGLE (DEG) .+ vuvvvnnvnnnnnnnnnaennannnn. 214.4000  pOSTTIONING BNGLE (DEG) - v v eeneeee e e ee e ee e 110.0000
INCLINATION ENGLE (DEG) - v vvvmee et meee e e eeaeen -90.0000  [NCLINATION ANGLE (DEG) . ..o oo 0.0000
CURRENT IN EACH CONDUCTOR OF THE BLOCK (B) ......... -12100.0000  ~yRRENT IN EACH CONDUCTOR OF THE BLOCK (B) «.@...... ~12100.0000
INNER RADIUS OF THE BLOCK (MM) «t e e vmneeeeeeeeannnn 18.2000  [NNER RADIUS OF THE BLOCK (MM) . ..o 46.3000
CABLE HEIGHT (MM). (INSULATED) ....ooununonnnnnnnnnn. 20.3000  capTE HEIGHT (MM) . (INSULATED) - v vvvvmeeeeeeennnns 13.6000
CABLE INNER WIDTH (MM).(INSULATED) .....cvuunnnnn--. 1.5000  caRLE INNER WIDTH (MM). (INSULATED) .+ eeeunnnnnn.. 1.9000
CABLE OUTER WIDTH (MM). (INSULATED) ................. 1.9000  -aABLE OUTER WIDTH (MM).(INSULATED) .. vvvuueeennnnn.. 1.9000
CABLE HEIGHT (MM).(BARE) ......eiierieonnnnnnnnnnnnn 20.0000 caRLE HETGHT (MM) . (BRRE) . oo vvememem e enn 13.3000
CABLE INNER WIDTH (MM) . (BERE) e vvvsoem e, 1.6000  CaprE TNNER WIDTH (MM). (BARE) .. ... .o 1.6000
CRBLE OUTER WIDTH (MM). (BRARE) ......enniennnnnnnnnnns 1.6000  ~pR1E QUTER WIDTH (MM). (BRERE) - ouuveeeeomeeeeennn. 1.6000
RRDIRL INSULRTION THICKNESS (MM).........ooonnann.n. 0.1500  papTAT, TNSULATION THICKNESS (MM) - - vvvoen e 0.1500
AZIMUTHAL INSULATION THICKNESS (MM)................. 0.1500 27 IMUTHAL INSULATION THICKNESS (MM) . - - veoneennenn.. 0.1500
NUMBER OF STRANDS .. .....oneinnniiiiae e S0 NUMBER OF STRENDS - . vvneseneseee e eee e 37
DIAMETER OF STRANDS (MM) - - - o e v vvoneeeee e e e e e e 0.8000 [ AMETER OF STRANDS (MM) . . ... ..o 0.8000
CU/SC BATIO & ittt e e e e e e emeaeeeaeaeeaaeanenenns 3.0000 CU/SC BETIO oo eoeeeoeoeoeoeoeoeeoe e 1.0000
RESIDUAL RESISTIVITY RATIO........... A 100.0000 ppsTDUAL RESISTIVITY RATIO. - -« nwnesn e eeeeeeee s 100.0000
g?ﬁgiigigiioiingigﬂ jg{ignnng? ?iﬁmiifg? (K) vennn. 29149333 TEMPERATURE AT WHICH JC AND DJC ARE GIVEN (K) ...... 1.9000
NEAn APRORTMATION Doeomn (o meem T c4 0pp  LINEAR APPROXIMATION JC(16.0 T) (A/MM**2)........... 1928.000
CEBLING ANGLE (DEG) -« - oeemmeeeeeeoeeoe oo 1373 LINERR RPPROXIMATION DJC/DB (A/MMY*2 T)............. e
iyttt e SRS . CRBLING ANGLE (DEG) ... eeennnnnnennnnaeaaans. 1.439
NUMBER OF DISCRETISATION POINTS RADIAL . ..oovvvnn... 10 DUMBER OF DISCRETISATION POINTS AZIMUTHAL ---------- ;
CONDUCTOR NEME .« v e e e e eoeoee e ee e ee e e e e e e MDPB2212  LoMBER OF DISCRETLISATION POINTS RADIAL ............. e

CONDUCTOR NAME . ..ttt ittt e i e st m e e amnnaan MDPHZ
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U.S. MAGNET

DEVELOPMENT  [Margins in 20 T Hybrid Common Coil Design @4K

PROGRAM

» Enough (10%) margin at 4.2 K in Nb3;Sn as well

_ 2000 1000
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2 1800 ~>-Brk 2 q %0 ! LTS
S ®-Bo Z E 200 -=-1.9 K Nb3Sn
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U.S. MAGNE"

peveLopmel | orentz Forces @20 T in Bi2212/Nb,Sn Hybrid

[FI /L (N/M)

12.38 ¢ 10° )

11.73 I
11.08

10.43

2.784

8.134
8.484
7.835
7.185
6.535
5.885
5.235
4,585
3.935 Emag. force / L (N/m)
2.285

2.6386

1.988 12384

1.336 1734

0.686  _» 11084

10434
0.036 9784,

ROXIEw: — o

(Bl (T)

20.46
19.39
18.32
17.24
16.17
15.09
14.02
— 12.95

Concept used in the
earlier 16 T design for
securing pole blocks
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U.S. MAGNET Click to edit Master title style

DEVELOPMENT
PROGRAM

4.2 K and 1.9 K Hybrid

Designs with CORC/Nb.,Sn
(ReBCO Coils)
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CORC in Common Coil

» Common coil design allows higher Je CORC due to large bend radii

s STTR with ACT anticipated a future common coil CORC =
with an engineering current density of 600 A/mm? -

1 800 A/mm? possible (STAR -Selva)

[ Designs based on 600 A/mm? only

Overall Current density with structure:
* Area for 6 mm wire: pi*6*6/4 = 28.3 mm?2
 Area for 6.5mm X 8mm rectangle = 52 mm?

f = 2:
JO or Je = 600 A/mm Accumulated Lorentz

dJ,=600%28.3 /52 = 326 A/mm? .
© forces can be managed
> Similar to Bi2212; but with a structure in a structure |

O0/0/0/0/0/0/0/C0.0.
00000000000
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us.machi CORC 1.9 K (2 layers) and 4.2 K (3 layers) Designs

DEVELOPMI
AR (in series with Nb;Sn; spaces for structure)

R UhumefguptanllepZDZh’mdpiugZDZ1CCCORC jata] . Preview [fhomefqupta/MDP/Scjl021/mdp_aug-2021-CC-CORC-j0s Jta]
.|

14 1A

13 15

|'; w—‘%\ U.5. DEFARTMENT OF
(W ENERGY | scenc 20T HTS/LTS Hybrid Common Coil Design _Ramesh Gupta, BNL  September 29, 2021



U.S. MAGNET

20.90
19.81
18.71

Field on the Conductor
2-layer CORC. 1.9 K Design

DEVELOPMENT 50 mm, 20 T Common Coil CORC/Nb,;Sn Hybrid Design
15.43
7.780
4.499 Field on the Conductor
(10% Margin) 1.218 (10% Margin)

PROGRAM

17.62
16.52
14.34
13.24
12.15
11.06
9.967

i 8.873
6.686
5.593
3;32 3-layer CORC. 4.2 K Design
0.125

Designs limited by NbsSn
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DS IMAGHETE Field Quality in 20 T Common Coil
PROGRAM

CORC/Nb;Sn Hybrid Design
2-layer ReBCO; 1.9 K 3-layer ReBCO; 4.2 K

HAEMONIC ANALYSIS NUMBER ........¢¢ciiiiiiiiiinnennnn 1
MAIN HARMONIC . seneneeaeananananenananenenenennns 1 HARMONIC ANALYSIS NUMBER ...........coeoneennonenn. !
REFERENCE RADIUS (IIN) -+ eeneneanenenneneaeanenenns 15.0000 MAIN HARMONIC .......ovnnennrnnnnnnnnneneeenn L
X-POSITION OF THE HARMONIC COIL (M) & vuvvuennennnn. 0.0000 REFERENCE RBADIUS (INM] & vt vt i et e n e e e n e mnemaaannnnan 15.0000
Y-POSITION OF THE HARMONIC COIL (D) - .eeovnvoenn... 169.0000 X-POSITION OF THE HRARMONIC COIL (MM) ............-.- 0.0000
MEASUREMENT TYPE .. ..oeouenennenenennnn. ALL FIELD CONTRIBUTIONS Y-POSITION OF THE HARMONIC COIL (mm) .........-.---- 165.0000
ERROR OF HARMONIC ANALYSIS oF Be . 0 2671E-03 MEASUREMENT TYPE .. eevnvnnnnnnnnannnnnn. ALL FIELD CONTRIBUTIONS
SUM (Br(p) - SUM (An cos(np) + Bn sin(np)) ERROR OF HARMONIC ANALYSIS OF B ..cooonnevreonnnnns 0.2730E-03
SUM (Br(p) - S5UM (&n cos(np) + Bn sin(np))
MAIN EFIELD (T) - euvnnneeneene e e e aaeaennnn 20.009287
MEG'NET STRENGTH ET"f [mﬂ [n_'l) } ....................... 2[:] . 0093 ME]:N FIELD [T} ..................................... 19. 99?422
MAGNET STRENGTH (T/ (™ (N-1)) «ueunennrnaanannannnnns 19.9974
NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 10000.00000 b 2: ~0.00000 b 3: ~0.00157 NORMAL RELATIVE MULTIPOLES (1.D-4):
b o1 0 00000 b = 0 0004E b E. 0. 00000 b 1: 10000.00000 b 2: 0.00000 b 3: 0.00080
b 7: -0.01379 b 8: ~0.00000 b 9: ~0.22156 b4 ~0.00000 b 5: ~0.00477 b 6: 0.00000
b10: 0.00000 bll: ~0.49290 Dbl2: ~0.00000 b T ~0.01270 b &: 0.00000 b 3 —0.53135
b13: ~0.01713 bld: 0.00000 b15: 0.00929 All b10: ~0.00000  bli: -0.44273 blz: 0.00000
blé: ~0.00000 Dbl7: ~0.00697 Dble: 0.00000 : bi3: -0.00775 bld: ~0.00000 bis: ~0.00185
b19: ~0.00160 b20: 0.00000 b harmonics | »ie: ~0.00000 b17: -0.00815  blg: 000000
p b19: ~0.00109  b20: ~0.00000 b
SKEW RELATIVE MULTIPCLES (1.D-4): < 10
a 1: ~0.00000 a 2: ~0.00529 a 3: ~0.00000 SKEW RELATIVE MULTIPOLES (1.D-4):
a 4: -0.00138 a 5: 0.00000 a é: ~0.00951 a 1 ~0.00000 & 2: 0.00063 & 3: —0.00000
a 7 ~0.00000 a 8: 0.24968 a 9: ~0.00000 a 4 0.00130 & St 0.00000 & o: 0.01017
alo: 0.36532 all: ~0.00000 al2: 0.02140 a T 0.00000 & &: 0.15633 & 3 ~0.00000
al3: ~0.00000 al4: -0.00234 als: ~0.00000 al0: 0.08500 all: 0.00000 alz: 0.00766
alé: 0.01042 al7: 0.00000 alB: 0.00292 als: ~0.00000  ald: 0.00281  als: ~0.00000
Ny 0 00000 =20- 0 00042 = alé: 0.00343 al7: ~0.00000 al8: 0.00112
alg: ~0.00000 a20: 0.00059 a
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U.S. MAGNET Lorentz Forces in 50 mm, 20 T

DEVELOPMENT

~M - Common Coil CORC/Nb;Sn Hybrid Design

Emag. force / L (N/m) Lorentz Forces in )
2-layer CORC. 1.9 K Design Lorentz Forces in

i N 3-layer CORC. 4.2 K Design
e 18047 A —
17681 = DEDEIE e e s = )
10715 i, i 18186 EERp====——
. 15748 T = = T 234 B0 ===
14782 il —— —— T s =
T 20 aal——01 — - 19332 E=nfl—=§
11883 D:l-?r ] — :__*_“‘_‘*"*H'*_‘j_:::_'_;;: 14380 ‘E‘D‘E‘ = — St
10917 O 58U e . 13429 o ==
9951. 5 [T E R e 12477 == = e E——
8984, Ol E E e e
B 11526 ] LJE0 e e
8018. | ' 10575 T e e
7052. i mEn OO e e
- 9623. = AL e s s
0080, O %E 8671 T === | =
5119. = = ' b | e e
- NEN O] = 7720, [ ===
_ 4153. [] — 5 =
3187, = 6768.
i 2221, 0 5817.
1255. 0] = 4866.
288.8 L 3914.
ROXIE 02 EEEES —— oo
DEPARTMENT OF Office of E%%
NERGY Science |:||:||:|

-Ramesh Gupta, BNL September 29, 2021



DEVELOPMENT

PROGRAM Clearing Bore (others shown elsewhere)

() U.S. MAGNET A Few Possible Layout of Away Pole Coils

Practice &
Tested Coils

CORC coil can
be bent first
away and then
up/down
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Key Benefits of the Common Colil Design

for HTS/LTS High Field Hybrid Dipoles

 Natural segmentation between
HTS and LTS (and different cables)

 Easier tuning between HTS & LTS

 Coil layers move as a module
without causing strain at ends
(BNL common coil had 200 um)

S Structure

d Intermediate space for stress
management structure. It can be
easily adjusted, even at the late
stage of the magnet construction

U1 HTS/LTS Hybrid Common Coil Design -Ramesh Gupta, BNL September 29, 2021



