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Overview

This exercise focuses on reducing peak field in the Ends

> ldeally peak field in the Ends should be a bit lower than in 2-d but should not
be much higher than in 2-d

» A higher peak field reduces the margin

Ends should also have small integrated harmonics so that the straight section
(body) and Ends of the magnet can be optimized independently

End turns should also be easy to wind with minimum strain on the conductor.
This and other mechanical consideration should also be taken care of.

» It is easier If the rules for a good magnetic design and for a good mechanical
design are optimized in separate runs and then the two are combined.

This presentation summarizes the initial approach (work just started) for
magnetic design of the ends. It is assumed that the mechanical layout of the
turns is already optimized or will not change substantially (if do need to iterate)
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Peak Field Reduction in the Ends of the Magnet

Significant enhancement in the
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peak field ~6.8 T (2d) to ~8 T (3d)

MARGIN CALC (USING LINEAR JC-APPROX):
BLOCK NUMBER .:.ccocevssncesncssnsnsasasnsossasssnscsa

PEAK FIELD IN CONDUCTOR R R e o TR AR T A T,
CURRENT IN CONDUCTOR: 34 [R) .o voomnnos somsommoes smens -8500.
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ......cvvunnn -886.
PERCENTAGE ON THE LOAD LINE “:cicosassonsacssnsneins 73.
ERIENEREEEED TR o im0 i m pm momsmn et iy s s S 10.
PERCENTAGE OF SHORT SAMPLE CURRENT .......ccvivevennn 66.

MARGIN CALC (USING LINEAR JC-APPROX):
BLOCK NUMBER « o0 0005000000000 00 0 0000 050 000 00008 878 a0 00

PEAK FIELD IN CONDUCTOR T8 L) v o siase e 7.
CURRENT "IN CONDUCTOR 78 (A) {..cisciseisssaeieaeia -8500.
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ........ivv.. -886.
PERCENTAGE ON THE LOAD LINE ..ccocoscacescnccacescnse 72.
QUENCHERELD' 1) i i usms e inge e o me eisias e 10.
PERCENTAGE OF SHORT SAMPLE CURRENT ........cccieuenn. 67.
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Peak Field in the Body of the Magnet (turns divided 1X5)

. . Q2pF15mm cable2K,3-d test 1 22/06/06 09:57
Bl (T) Field on the conductor - peak field
(notincluding the self field) . Field on the conductor - peak field
— 2232 mmﬂm (including the self field)
[ :23; HHHMW / 6.695T=>7.047T e 7.047
— — mm /]]f[
= o i e
e — el 11
4233 % = 5.289
3.881 4,938
3.529 4.586
3177 4.235
2.825 o
- 2.473 3.180
2122 7 2828
- 1.770 2.477
— B =
- ﬂ.?14 L] 1:422
- 0.352 - 1.070
e RYST = 0.719
0.367
ROXIEW.E ROXIEH].E
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G Brookhaven One should keep checking the impact of approximation
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Peak Field in the Body of the Magnet (turns divided 2X20)

Q2pF15mm cable2K,3-d test 1 22/06/06 |B| (T)

Field on the conductor - peak field Field on the conductor - peak field

6.936 : . ;
8] (T) . . . [ ? including the self field
(not including the self field) ] gggg HI”JMM[WW ( g )
: f

mm 5% = 5.868 T
L 6.454 [”ﬂﬂ . ] 5.912
— Z} 5.156
Y Hﬂﬂm | B e00

5.394 '
= 5.041 4.444
B e 4.088

4.334 @ 3.732

3.981 3.376

3.827 3.020

3.274

2.921 I 2.064
- 2.567 2.308

2.214 - 1.951
18 — B
L 1.507 1.239
mm L] 0.883
— R ] 0'527

0.447 B
.., 0.171 From 6.695 T => 7.047T
ROXIE 1. ROXIE 102 to 6.807/T =>6.936 T

AT N I NI BT |
0 20 40 60 80 100 120 140 160 180
140 160 180
G Brookhaven One should keep checking the impact of approximation
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Peak Field in the Body of the Magnet (pole 2X20, others 1X5)

. _ 1B (T) Field on the conductor - peak field
Bl (T) Field on the conductor - peak field - : :
(not including the self field) — (mcludlng the self field) (#3 & #7)
6.808 )
. L 5.900
- = ﬁfl//[///j//yi/ %
5.019 e
4.661 4.516
e
' 3.825
2% 5478
2873 3.133
2.515 2.788
2157 2.442
1.799 2.096
1.442 1.750 ]
1.084 1.404 Check impact of
0.726 1.059 1. g _.C .
0.368 From 6.695T => 7.047T 0.713 the subdivision in
0.010 t0 6.807 T=>6.936 T = 0301 other codes also —
ROXIE oz to 6.808 T=>6.937 T £} ROXIEq: COMSOL, OPERA

I 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

G SIS One should keep checking the impact of approximation; this choice may be a good compromise
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Peak Field Computations with different number of divisions

Same ends in both cases All > Block #3: 796 T SNPPNeN] - Block #3° 805 T
1X5 > Block #7: 7.75T Others 1X5 > Block #7: 787 T

3D REFERENCE MAIN FIELD (T) wuveuenennn.. 2. 6314 Frre e 2.6314

REFERENCE MAGNET STRENGTH (T/(m*(n-1)) .. 31.7036 .+ s s s ssss 31.7037 Takeawav:
MAGNETIC LENGTH (M) . e r s e s s annsnnnas 1505.2139 1505 .2139

MARGIN CALC (USING LINEAR JC-APPROX):

BLOEE NIMBERG 5 e s e e s e s 3 3 1X5 may be
PEAK FIELD IN CONDUCTOR 34 (T) tuvvvreennennnnnnnns 7.9586 v *rrr* k f
CURRENT IN CONDUCTOR 34 (A) tvvvvvvununnnnnnnnnnnns -8500.0000 _ . . . ... 8 .60586 OK 10r
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ..evvvveenn.. -886.0233 |lati
PERCENTAGE ON. THE LOAD LINE 'iiswiosiisussiinsweess 73.8207 4 4 5 s s 5 s -85600.600006 relative
QUENCHFIELD (T) vvvevennnnneeeenennnnnneeeeannnnnees 10.7810 .- .
PERCENTAGE OF SHORT SAMPLE CURRENT . .vvvvvvvnnnnnns 66.0838 & s s & & & & -886.06233 Opt|m|zat|0n
MARGIN CALC (USING LINEAR JC-APPROX): but

BLOCK NUMBER « v e v v e v eeeneeeaneneeneneaneneneenenns T anmansaas 7 . )
PEAK FIELD: IN CONDUCTOR: 70 (T) iviswimuswaswinisais 7.7507 7.8721 SUdeVIde 18]
CURRENT ‘IN‘GONDUCTOR 70 (R) :.:vanevueivavsiesssis -8500.0000  * * * * s .

SUPERCONDUCTOR CURRENT DENSITY (A/MM2) .....eeuenn.. -886.0233 . . . .... -8500.08000 mMmore for the
PERCENTAGE ON THE LOAD LINE +veuvuunnnneeeeeennnnnns 72.2431 )

QUENCHFIELD (T) +rveveueenenenneneaneneneeneneenenns 10.7286 s s s s s 8 & -BB6.0233 final case

PERCENTAGE OF SHORT SAMPLE CURRENT .........civvunn. 67.3827
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Peak Field Reduction-Lower Peak Fields (both inner & outer)
Significantly better > Block #3: 7.96 T

O]MDR > Block #7: 7.75T

> Block #3: 7.16 T
NS 5. Block #7: 7.18T

3D REFERENCE MAIN FIELD (T) «vuuvunennnn. 5 6314 . 2.7383
REFERENCE MAGNET STRENGTH (T/(m~(n-1)) .. 31.7036 s b 32.9913
MAGNETIC LENGTH I[mm] .................... 1505.2136 15"35' 51?-5
MARGIN CALC (USING LINEAR JC-APPROX):

BLOCIE NUMBERC 3 s s st s b st o i T s s 3 el R L 3
PEAK FIELD IN CONDUCTOR 34 (T) wuvvvvnvnnnnnnnnnns 7.9586

CURRENT IN CONDUCTOR 34 (A) +vvvvvrvnnnnennnnnnnnns -8500.0000 TR TR EEEEE 7.1622
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ............. -886.0233 x

PERCENTAGE ON. THE LOAD LINE iisvsvsabosnsanaiiomusss 73:8287 9@ @02 M A adadad 8500.0000
QUENCHFIELD (T) tuveneeneenennnnnnnnnnnnnnnnnnnnnnns LERN 000 naeow -B86.0233
PERCENTAGE OF SHORT SAMPLE CURRENT ......evvveeennn. 66.0838

MARGIN CALC (USING LINEAR JC-APPROX):

BLOCK NUMBER .+ vt vveeeeesnnnnnneeeennnnneeeeennnnnnns B 00000 AR oo sy T
PEAK FIELD IN CONDUCTOR 70 (T) tererenrnereeeeenns 7.7507 7.1772
CURRENT ‘IN CONDUCTOR 70 (A) 5..cupeiieinvsvsiniasis -g5p0.00080 29 @@z 2 ' e EaAamm -
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ...uvevevnnn. SB80.0233 000 ek e b w -B8500.0000
PERCENTAGE ON THE LOAD LINE +uvuueeernnnnnneeeennnns 72.2431

OUENEHEEELD L) wonwaionmnsmumees s e o 10.7286 0 s s s s ssssss -886.0233
PERCENTAGE OF SHORT SAMPLE CURRENT ..'vvvieeneneennn. 67.3827

L? Brookhaven

National Laboratory

I\/Iagnet Division Ramesh Gupta Starting of 3-d Optimization of the Magnetic Design of Q2pF June 7, 2022 8



Peak Field Reduction — Three cases - Slide 1
(similar peak fields but different end geometries)

Q2pF15mm cable2K,3-d save no plots Q2pF15mm cable2K,3-d test 1 Q2pF15mm cable2K,3-d save

22/06/03 07:38 ts 22/06/04 12:05
- Broad side:
Broad side: Broad side: N
1B| min (T) [B] min (T) I8l min (T)
6.778 54 mm 555
— R — ] 6.341
5.813 5.560 ] 5.855
[ | [ | 5.369
- 5.330 - 5.098 -
. . 6% R
4.396
. . 4 |
3.882 3.712 Lo 3810
= [ |
3, 3,251 - 3.424
- | 2.937
2.789 - -
[ | 2.451
2.327 d
[ | [ |
1.865 - 1.965
I
1.403 1.479
[ | [ |
0.942 0.992
[ | [ |
- 0.480 - 0.506
0.018 0.020
Narrow side: Narrow side:
|B| max (T) IBl max (T)
7.031 7.153
I I
6.608 6.736
[ | [ |
6.185 6.320
- 5.762 - 5.903
- 5-339 - 5-485
[ | [
- 4816 - 5.069
4.493 4.653
- 4.070 - 4.236
- I
x 3.819
I I
- 3.224 - 3.402
2.801 2.985
2.378 2.569
1.855 2152
1.532 1.735
1.109 1.318
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Peak Field Reduction — Three cases — Slide 2
(impact of pole blocks of inner and outer ending at different places on peak field)

> Block #3: 6.74 T

» Block #3: 7.16 T » Block #3: 7.15T

» Block #7: 7.03T

» Block #7: 7.18T > Block #7: 6.70 T

- 2.8237
3D REFERENCE MAIN FIELD (T) «@vneonnn...
2 ez s e 0y 247383 . 2.8144 . 34.0199
MAGNETIC LENGTH (mMM) ... v e e i e e eeee e 3‘2 & 9913 .. 33 . 9654
1505.6175 15858820 e 1585.9138
BLOCK NUMBER .+ .vvvvvvvvnnnnnnnnnnnnns e *
PEAK FIELD IN CONDUCTOR 34 (T) .... 3
CURRENT IN CONDUCTOR 34 (A) ........ 3 3
SUPERCONDUCTOR CURRENT DENSITY (A/MM2 71.1622 - I
.......... -8500.0000 . 7.1537 ‘. 6.7449
.......... -886.0233 . -R500.0000 _— -8500.00006
BLOCK NUMBER .+ vevvevesnennennennens 7
PEAK FIELD IN CONDUCTOR 34 (T) .... 7 J_ ? e
R *
i e e 7.1772 - 7.0314
*********** -8500.0000 . 6.7028 -8500.0800
*********** -886.60233 . -B506.60000 ol *
"‘ Brookhaven b2save
National Laboratory 10
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Techniques for Reducing in Peak Field in the Ends
(spread the turns in the end block with high peak fields)

> BI k #3. 6 82 T 3D EEFERENCE MATN FIELD (T} ....cccuieriennnnnnnnnnns 2.8254
()(: . . EEFERENCE MAGWET STERENGTH (I (m™(n-1)) 34.0408

MAGHETIC LEMGTH (MM) .....ceneiemeennnnessnnnnnnnnns 1505.919%6

> Block #7: 6.92 T

MARGIN CALC (USING JC-FIT) :

BLOCK NUMBER .t vt vvsunesnnessnnesnnesnneenneennnens 3
PERK FIELD IN CONDUCTOR 34 (T) +uvvvuveenneennenns 6.8167
CURRENT IN CONDUCTOR 34 (B) +uvvruvernnrenneennenns ~8500.0000
PP - - SUPERCONDUCTOR CURRENT DENSITY (B/MM2) +vvuvvennen.. ~886.0233
Slgnlflcant reduction in PERCENTAGE ON THE LOAD LINE ..uuvvessnnneernnneenns 65.0746
i i QUENCHFIELD (T) + v usevesnnnresnnnnessnneeeennneennn 10.4753
the peak field in the ends TEMPERATURE MARGIN TO QUENCH (K) «vvvrvuueeeennneenns 3.2089
PERCENTAGE OF SHORT SAMPLE CURRENT ...uvvvnveennenns 26.1400
First case: 7.96 T ]

MARGIN CALC (USING LINEAR JC-APPROX) :

Last case: 7.03 T BLOCK NUMBER ..« v vvvesvsnnnnneneeeseennnnneeeesennnn 7

) PEAK FIELD IN CONDUCTOR 70 (T) «vvnvvmneenneennenn 6.9172
This case: 6.92 T CURRENT IN CONDUCTOR 7O (B} v v vnvenerneeeeneneeenenns -8500.0000
SUPERCONDUCTOR CURRENT DENSITY (BA/MM2) .« oevnneennn.. -886.0233
PERCENTAGE ON THE LOAD LINE .. evuvemnenaeneanennnns £5.9191
QUENCHFTIELD (T} - v e e eomeeoeee et e ee e e e e e e e eeeeeeen 10.4934

PFERCENTAGE OF S5HORT S&MPLE CUREENT .............0.c.0.. 71.7238
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Initial Optimization of Peak Field and End Harmonics
(with inner and outer layers ending at about the same place)

s J—— - s > Block #3. 6.82 T, Block #7: 6.92T

1|8 6 1 MINABS ~| o 1l MARGIN CALC (USING JC-FIT):
2|B 10 1MINABS | 0 Ll BLOCK NUMBER .« v vt vveeseneetet e eeeeeeieeannneenn 3
3|PERESD 5 oMIN =] o 1 PEAK FIELD IN CONDUCTOR 34 (T) tuverrrerennnnnnnnn 6.6522
4|PERESD 7 OpIn | 0 1 CURRENT IN CONDUCTOR 34 (A) urueriveeeeeeeenneeeee. -8500.0000
m - SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ............. -886.0233
Jun6 09:04 e PERCENTAGE ON THE LOAD LINE +ovvvvsevseereennnannnns 63.8421
home/gupta/EIC/Q2pF+/2022/3D2022May/Q2pF3D-peak-opt03.data] QU ENCHFIELD I:T) .................................... 10.4197
TEMPERATURE MARGIN TO QUENCH (K) +vvvvrrnrrnnnrnnnnns 3.2942
PERCENTAGE OF SHORT SAMPLE CURRENT ....vvvivnnrnennnn 25.2997
Design Variables
. E.2t o MARGIN CALC (USING LIMEAR JC-APPROX):
BLOCK NUMBER &+ vt titeesennenneennoannennsnnnennnns 7
No Xs| String PEAK FIELD IN CONDUCTOR 78 (T) vvvevernvrnnnrnnsnns 6.9507
1 1162.71 20 CURRENT IN CONDUCTOR 78 (A) cuurrineenennnnnnnnnn -8500.0000
z 1118.53120 2 SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ........ov.u.. -886.0233
3 £.2163 WI 2 PERCENTAGE ON THE LOAD LINE ...vviiiunrennnnnnnnnnnn 66.1734
4 5.6257 WO 2 QUENCHFTIELD (T) 4ivvvvnnunnnnnnosnnnnnnsnnsnnnsnnsas 10.5038
5 45.9768 D2ZR 2 PERCENTAGE OF SHORT SAMPLE CURRENT ..vvvivvvvnnnnnnn 71.5716
6 22.7173 DZZR 2
7 40,2569 DZZR 2 3D REFERENCE MAIN FIELD (T) t'viiinnrnennnnnennnnnns 2.8559
8 14.6026 DZZR 2 REFERENCE MAGNET STRENGTH (T/(m~A(n-1)) ...vevvvnnnn. 34.4083
9 25.6626 DZZR 2 MAGNETIC LENGTH (MM) . .vvennteennnennennnennennnns 1506.08212

NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):

b 1: ©.00000 b 2: 10000.00000 b 3: -9.00000
b 4: ©.00000 b 5: ©.00000 b 6: -9.09342 L
b 7: 0.00000 b 8: 0.00000 b 9: e.e0000 Optimization
bie: -9.12319  b11: ©.00000 bi2: 0.00000 :
to continue
~ . b13: -0.00000 b14: -9.51991 bis: -9.00000
kf Ea(i‘;‘gh?bﬂr‘ggg Q2pF3D-peak-opt03.data b16: -0.00000 b17: ©.00000 b18: ©.80995
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