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Overview

» Cross-sections of B1pF and BlapF
« Based on cables that can be easily procured

« Two series of designs with 36-strand cable
— No key stone (rectangular)
— Fully keystone for BlapF (same used in B1pF)
» Rectangular yoke retained; can be changed

« With all 2-d designs iterated, now we can
proceed to 3-d
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Superconducting
Magnet Division

BlpF
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Superconducting
Magnet Division

BlpF - pCDR parameters

Table 6.8: Parameters of the B1PF magnet.

Parameter Value
Magnetic length [m] 3
Maximum dipole field [T] 3.4
Aperture [m] 0.262
Required field quality [%] 0.01
Coil width [m] 0.34
Coil height [m] 0.34
Superconductor Type NbTi
Current density [A/mm?] 241
Cu:5c ratio 1.3
Temperature [K] 42
Peak field wire [T] 4.37
Magnetic energy [M]] 1.36
Ampere turns [MA -t] 1.16
Margin loadline [%] 58

Sept 22, 2020

Rel. field errors (units 10)

1.894
1.789
1.684
1.578
1.473
1.368
1.263
1.157

1.052 =
0.947 —
0.842 =

0.736
0.631
0.526
0.421
0.315
0.210
0.105

Figure 6.34: Vertical magnetic field on the center plane for the hadron beam (a). Figure (b)

shows the good field region.

B1pF & BlapF Cross-sections

(b) Shielded region
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Superconducting
Magnet Division

Bi1pF with Keystone Cable

(keystone chosen from BlapF)

* Mechanically good cross-section

» Collar
angle

»\Wedge
angles
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Rel. field errors (units 10°%)

1.894
1.789
1.684
1.578
1.473
1.368
1.263
1.157
1.052
0.947
0.842
0.736
0.631
0.526
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BROOKHEAVEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (3.4 T @ 8.1 kA)

MAIN HARMONIC . ...ttt st ssnssnnnssssnnsnssssnnssnnsssss 1
REFERENCE RADIUS (M) & vt o v it eenenseensnanansannneas 73.0000
X—POSITION OF THE HARMONIC COIL (Mm) ...eeeeeecoeeeas 0.0000
Y-POSITION OF THE HARMONIC COIL (mm) ...ceeeeeceeeas 0.0000
MEASUREMENT TYPE . ..ottt i i i e ann ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...cuiiiieinnnnnnn 0.1501E-04

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

MATN FIELD (T) o e e e e e et e e e e e e e e e e e e e e e e e e e e e e 3.390620
MAGNET STRENGTH (T/ (I (N=1)) e e ee e ee e eeeeeeeeeennn 3.3906

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: -0.00000 b 3: 0.00574
b 4: 0.00000 b 5: -0.00729 b 6: 0.00000
b 7: —-0.01287 b 8: —0.00000 b 9: -0.12301
bl0: 0.00000 bll: —0.11449 bl2: 0.00000
bl3: 0.02768 bl4: 0.00000 blb: 0.00780
ble: —0.00000 bl7: 0.0031le bl8: 0.00000
bl9: 0.0007e b20: 0.00000 b
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BROOKHIAVEN Good Margin (B=3.4T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

« Very healthy margin in cross-section @4.6 K
v’ >78% field margin, >2.2 K temperature margin

BLOCK NUMBER & vt ottt oeeoeeeeeeeeeeeeeeeeeeseenaaeannn 20
PEAK FIELD IN CONDUCTOR 280 (T) v eusumneeneeenanens 4.0120
CURRENT IN CONDUCTOR 280 (A) t v ev vt ee e teeeeeenenenns -8050.0000
LOWEST FIELD IN CONDUCTOR 276 (T) wueveeeeeemannnn. 2.3731
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) .. ovueennn.. ~652.6459
COPPER CURRENT DENSITY (A/MM2) & v v e e e eeeeee e ~-407.9037
PERCENTAGE ON THE TOAD LINE -« - e v oo e me e eee e eeeeeee e 54.9393
QUENCHETELD  (T) - e e e e e e e e e e e e e e e e e e e et 7.3026
TEMPERATURE MARGIN TO QUENCH (K) v v vvvveeeneennnnnnn 2.2178
PERCENTAGE OF SHORT SAMPLE CURRENT &+ vt eeueennennnns 20.8573
MAXIMUM LOADLINE IN BLOCK 15 (%) « v v oo eeeeeann 56.3052
MINIMUM TEMPERATURE MARGIN TN BLOCK 4 (T) weuen.. 2.1593
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Superconducting ea |e s

Magnet Division

Bl (T)

Peak field over 3.5 T . 1 B

3.716
3.501

3.285
3.070

Peak field
2.854
enhancement 2,639

2.424
2.208

"‘18% 1.993
1.778
1.562
1.347
1.132
0.916
0.701

0.486
0.270

0.055
ROXIE 102 ) ' ‘
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BROOKHFEAEN

NATIONAL LABORATORY Very GOOd Over'all Mar‘gin

Superconducting

Magnet Division

eRHIC Dipole B1PF with B1aPF keystone cable 20/09/21 14:45
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v il Temperature Margin over 4.6 K

Superconduct
Magnet DivisiG+

Over 2.1 K
Temperature
Margin
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eRHIC Dipole B1PF with B1aPF keystone cable 20/09/21 14:45
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AAAAAAAAAAA
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Superconducting

Magnet Divi

sion

BlpF at 4.6 K with
No-keystoned

(rectangular cable)
with 36 strands
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erookurveN | B1pF with no-keystone Cable

NATIONAL LABORATORY

Superconducting (no-keystone - rectangular)

Magnet Division

A reasonably good cross-section mechanically

Rel. field errors (units 10°%)
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BROOKHEAVEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with No-keystoned Cable

Magnet Division

 All field harmonics small (3.4 T @ 8.17 kA)

MAIN HABRMONIC ...t ittt it ittt st e s saenassmsnnsnnssnss

REFERENCE RADTIUS (M) & v vt it it i e e st e e e eensannnneens 73.0000
X—POSITION OF THE HARMONIC COIL (M) .. .cuoveeueeneann 0.0000
Y-POSITION OF THE HARMONIC COIL (MIN) v ucveeunnennnn 0.0000
MEASUREMENT TYPE ... it in it ieeeannn ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ......ceeceeennnnns 0.1481E-04

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

MATN FIELD (T) & oe e e e et e et ts e ecnsennsseseanseansenaa 3.497004
MAGNET STRENGTH (T/(m™(n—=1)) ..o ee e aeennnn 3.4970

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: —0.00163
b 4: —0.00000 b 5: 0.00021 b 6: 0.00000
b 7: 0.00489 b 8: -0.00000 b 9: -0.01759
bl0: 0.00000 bll: -0.21ele bl2: —-0.00000
bl3: 0.00202 bl4: —0.00000 blb: -0.00015
ble: 0.00000 bl7: 0.00559 bl8: —0.00000
bl9: 0.00010 b20: 0.00000 b
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BROOKHIAVEN Good Margin (B=3.4T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with No-keystoned Cable

Magnet Division

« Very healthy margin in cross-section @4.6 K
v’ >70% field margin, >2.1 K temperature margin

BLOCK NUMBER ...ttt it i s ssssassnnsssssnsnssssnnnssss 20
PEAK FIELD IN CONDUCTOR 280 (T) «veeeenenennnnnenas 4.1499
CURRENT IN CONDUCTOR 280 (A) i ieinie e eestannnnenns —8400.0000
LOWEST FIELD IN CONDUCTOR 276 (T) i evieinennnnnnnn 2.4318
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ............. -681.0218
COPPER CURRENT DENSITY (A/MM2) .. i eeennnnnnnnns —-425.6386
PERCENTAGE ON THE LOAD LINE ... i iuiietiennnnnnsanns 56.9585
QUENCHETIELD (T) v vviess e s nsasannsnnssnsnsnssnsnnsnsnss 7.2859
TEMPERATURE MARGIN TO QUENCH (K) .. ivieinennnennnn 2.1273
PERCENTAGE OF SHORT SAMPLE CURRENT ................. 22.5480
MAXIMUM LOADLINE IN BLOCK L 1 T 58.6509
MINIMUM TEMPERATURE MARGIN IN BLOCK 4 (T) ....... 2.0540
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Superconducting
Magnet Division

Peak Fields

Bl (T)

Peak field over 3.4 T

Peak field
enhancement

~26%0
(higher)
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ROXIE 102

4.317
4.092
3.867
3.642
3.417
3.193
2.968
2.743
2.518
2.293
2.068
1.844
1.619
1.394
1.169
0.944
0.719
0.495
0.270
0.045
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Superconducting
Magnet Division

Very Good Overall Margin

Over 70%

field margin -

Sept 22, 2020

eRHIC Dipole B1PF NO KEYSTOME CAELE 4.6 K 2000921 15:19
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BROOKHF

v il Temperature Margin over 4.6 K

Superconduct
Magnet DivisiG+

Over 2.1 K
Temperature
Margin
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eRHIC Dipole E1PF NO KEYSTONE CAELE 4.6 K 20/09/21 15:19
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Superconducting
Magnet Division

Overview
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Superconducting
Magnet Division

Overview

Sept 22, 2020

BlpF & BlapF Cross-sections EIC IR Meeting

-Ramesh Gupta

19



BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BlapF
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Superconducting
Magnet Division

BlapF - pCDR parameters

Table 6.10: Parameters of the BLAPF Dipole Magnet.

Parameter Value
Magnetic length [m] 1.5
Maximum dipole field [T] 2.7
Aperture front [m] 0.3360
Aperture rear [m] 0.3360
Design field quality 1x1074
Physical length [m] 1.6
Physical width [m] 041
Physical height [m] 041
Superconductor type NbTi
Conductor Cable 20x2mm?
Current density [A/mm?] 148
Cu:Sc ratio 13
Temperature [K] 42
Peak field wire [T] 3.5
Magnetic energy [M]] 0.717
Ampere turns [MA-t] 1.16
Number of turns 154
Current [A] 7670
Inductance [H] 0.024376
Margin loadline [%a] il

Sept 22, 2020

B1pF & BlapF Cross-sections

Surface: Magnetic flux density narm (T) Max/Min Surface: Magnetic flux density norm (T)
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Figure 6.39: Magnetic field equivalent to the magnetization in the BIAPF magnet.
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srookurven | BlapF with Keystone Cable

NATIONAL LABORATORY

Superconducting (keystone chosen for BlapF)

Magnet Division

* Mechanically good cross-section

EIC Dipole B1APF fully keystone cable 4.6K 20/09/21 17:39

» Collar angle

3.447
3.269 % #

»\Wedge angles m
mo
I \Y
Part of the coil == W\ V4
missing because of ;}“E > e
the choice of scale Y, ¢ ¢

Sept 22, 2020 BlpF & BlapF Cross-sections EIC IR Meeting -Ramesh Gupta



BROOKHEAVEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (2.7 T @ 7.3 kA)

MATN HARMONIC ..t i ittt sttt a e s saannnsnsansnnnssas 1
REFERENCE RADIUS (IMM) & . v ot i v ittt e st s eescnnennneneas 80.0000
X—POSITION OF THE HARMONIC COIL (MIN) &« cucuueunennan 0.0000
Y-POSITION OF THE HARMONIC COIL (MIN) .. cecuueunnennnan 0.0000
MEASUREMENT TYPE ... v i i i i i i snnnnnns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...cuieeeerennnesas 0.9843E-06

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

MATN FIELD (T) o e e et e e e e e e e e e e e e e e e e e e e e e e 2.7126009
MAGNET STRENGTH (T/ (0% (N=1)) & e e e et e e e e e e e e ee e e 2.7126

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: 0.00437
b 4: 0.00000 b 5: 0.00488 b 6: —0.00000
b 7: 0.02281 b 8: —-0.00000 b 9: 0.07717
bl0: —0.00000 bl1l: 0.15408 bl2: 0.00000
bl3: —0.00641 bl4: 0.00000 blb: 0.00157
ble: —0.00000 bl7: 0.0001e bl8: —0.00000
b19: —0.00021 DbZ20: —-0.00000 b

Sept 22, 2020 BlpF & BlapF Cross-sections EIC IR Meeting -Ramesh Gupta



BROOKHIAVEN Good Margin (B=2.7T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Divis

ion

« Very healthy margin in cross-section @4.6 K

v’ ~110% field margin, >2.5 K temperature margin

BLOCK NUMBER . ...ttt st ittt saannnsssssnsnsssnsssss

PEAK FIELD IN CONDUCTOR 320 (T) «uiueuiinininennnas 3.
CURRENT IN CONDUCTOR 320 (A) & in e e et nannnnennns —7300.
LOWEST FIELD IN CONDUCTOR 316 (T) .. ciieuinennnnennn. 2.
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) .......c.c... —-591.
COPPER CURRENT DENSITY (A/MMZ2) ... ieeenenannanns —-369.
PERCENTAGE ON THE LOAD LINE ..... .o einnnnnnnsnnans 47 .
QUENCHETIELD (T) &« cviu s enseenenanensaesnassannsnssas 7.
TEMPERATURE MARGIN TO QUENCH (K) .. viiiieinennnnnenn 2.
PERCENTAGE OF SHORT SAMPLE CURRENT ................. l6.
MAXTIMUM LOADLINE IN BLOCK 5 (B) ti e i e e 47 .
MINIMUM TEMPERATURE MARGIN IN BLOCK 5 (T) «...... 2.

Sept 22, 2020
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BROOKHFAEN

NATIONAL LABORATORY
Superconducting

Peak Fields at 2.7 T

Magnet Division

Peak field enhancement ~25%

¥ e

(peak field
cana be
reduced In
design
Iteration but
already a very
high margin)

Sept 22, 2020

Bl (T)

3.447
3.269
3.0,
2914
2.736
2.558
2.381
2.203
2.026
1.848
1.670
1.493
1.315
1.137
0.960
0.782
0.605
0.427
0.249
0.072

ROXIE 102

B1pF & BlapF Cross-sections
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Peak field over 2.7 T
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BROOKHFEAEN

NATIONAL LABORATORY Very GOOd Over'all Mar‘gin

Superconducting

Magnet Division

EIC Dipole E1APF fully keystone cable 4.6K 2000921 17:39

18000

16000

I[A)

About 110%
field margin

12000

-k
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BROOKHF

wonrieen T emmperature Margin over 4.6 K

Superconduct

Magnet Division

Over 25 K
Temperature
Margin

Sept 22, 2020

EIC Dipole E1APF fully keystone cable 46K 20/09/21 17:39

4000 T
=0 —

Jse(A/mm**2)[
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1500 —
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1 2 3 4 5 6 7 B -] 10
T(K)
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BROOKHFAEN

NATIONAL LABORATORY Some ?houghts on the

Superconducting

Magnet Division non-circular iron yoke

Coldmass -
can be E;};gf
circular even e
iIf yoke really o
has to be  oars
.
rectangular. - o
-0:253
-0.169
-0.084
Put extra el
] ROXIE 102
warm iron |
OUtSide the 0 106.25 2125 31875 425 531.25 6375 74375 850
coldmass
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BROOKHFEAEN
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Superconducting
Magnet Division

B1ApF at 4.6 K with
No-keystoned

(rectangular cable)
with 36 strands
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BrookurveN | B1ApF with no-keystone Cable

NATIONAL LABORATORY

Superconducting (nO-RZYSTOne - r'eC'l'CmgU|Clr')

Magnet Division

A reasonably good cross-section mechanically
» Collar I
»\Wedge angles
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BROOKHEAVEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1ApF with No-keystoned Cable

Magnet Division

 All field harmonics small (2.7 T @ 7.3 kA)

MAIN HARMONIC .. .i i i s s s s eannnsssnssnsnssssnssnsssssass 1
REFERENCE RADIUS (M) @ vt v it ittt eee s eensennanenas 80.0000
X—POSITION OF THE HARMONIC COIL (mm) .. ..uoeeeeeeeonn 0.0000
Y-POSITION OF THE HARMONIC COIL (mm) .. ..ueeeeeeeeonn 0.0000
MEASUREMENT TYPE .. ..ot i e i i e e e n ALL FIELD CONTRIBUTIONS
ERROR OF HAEMONIC ANALYSIS OF Br ......eiiiiueunenenn 0.1276E-05

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

N N I 0 2.698351
MAGNET STRENGTH (T/(Mm™(n—1)) et ieninnnnnannnnnnn 2.6984

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: 0.00006
b 4: —0.00000 b 5: —0.00125 b 6: —-0.00000
b 7: —0.01985 b 8: 0.00000 b 9: —-0.18040
b1l0: —0.00000 bll: —0.056e90 bl2: 0.00000
bl3: —0.0114e bl4: 0.00000 bl5: 0.00378
ble: —0.00000 bl7: 0.00114 bl§: 0.00000
b19: 0.00003 b20: -0.00000 b
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BROOKHIAVEN Good Margin (B=3.4T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with No-keystoned Cable

Magnet Division

« Very healthy margin in cross-section @4.6 K
v’ >105% field margin, >2.5 K temperature margin

BLOCK NUMBER &t vttt ee e oeeeee e ee e et eeeeeeaaeaaeennns 16
PEAK FIELD IN CONDUCTOR 295 (T) v vumeenenennens 3.4179
CURRENT IN CONDUCTOR 295 (A) v et vt ee e eeeeeeeannenns 7300.0000
LOWEST FIELD IN CONDUCTOR 286 (T) v oo 1.4077
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) . vueunenenn.. 591.8404
COPPER CURRENT DENSTITY (A/MM2) v v eeeeeemeeeaeeennn 369.9003
PERCENTAGE ON THE TLOAD LINE &« e v oot e e ee e eeeeae e as 47.5880
QUENCHETELD  (T) e e e e e e e e e e e e e e e e e e e e e e e e e 7.1824
TEMPERATURE MARGIN TO QUENCH (K) vt vvvveeennennnnnns 2.5360
PERCENTAGE OF SHORT SAMPLE CURRENT &« v v evuennnennnnn 16.2221
MAXTIMUM LOADLINE IN BLOCK 16 (%) «uvuuneneennnnnn. 47.5880
MINIMUM TEMPERATURE MARGIN IN BLOCK 4 (T) wuunn.. 2.5360
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BROOKHFAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Peak Fields

Peak field
enhancement

~26%0
(higher)

Sept 22, 2020

EIC Dipole E1APF NO keystone cable 4.6K 2000921 21:37

Peak field over 2.7 T

Bl (T)

3.417
3.243
3.069
2,894
2.720
2,546
2.371
2.197
2.023
1.848
1.674
1.499
1.325
1.151
0.976
0.802
0.628
0.453
0.279
0.104
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Very Good Overall Margin

Over 105% —
field margin -

Sept 22, 2020

EIC Dipole E1APF NO keystone cable 4.6K 2000921 21:37
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BROOKHF

v il Temperature Margin over 4.6 K

Superconduct
Magnet DivisiGn

EIC Dipole E1APF MO keystone cable 4.6K 20009721 21:37

Jsc(A/mm**2)[

Over 25 K s
Temperature -
Margin =T

1500 —

o000 —

Sept 22, 2020 T(K)



BROOKHFEAEN
ON LABORATORY

Summary

» All 2-d designs of cable magnets completed (Blpf
and BlapF just presented were the last one)

» All are based on the cables that can be easily
procured

» Two series of designs with 36-strand cable based
on (a) No key stone (rectangular) and (b) based
on fully keystone for BlapF

» Rectangular yoke retained; can be changed

» With all 2-d designs iterated, now we can proceed
to 3-d (Q2pF partially performed)
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