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Superconducting verv.ew

Magnet Division

» Q2pF mechanical design would benefit from wider collar. This
will, however, reduce the transfer function and the quench field.

» Impact of increasing collar thickness on the loss in transfer
function and loss in guench margin evaluated to see If this is ok.

» There are other changes in the yoke — notch at yoke inner radius
and holes for tie rods. These will have impact on field quality.
Impact evaluated on the field harmonics.
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SEOMENENSS | Iron Yoke- June 2020 Design

Superconducting

Magnet Division

Collar width = 20 mm
Yoke: ir =201 mm; or =550 mm s ROXIE
Hole@ x = 366.8 mm to 423 mm  wm::

Radius of e-beam hole =75 mm &=:
Current for 36 T/m: 7510 A —5

EIC 36 strand cable 4.2 K Q2pF 20/06/22 17:35
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NATIONAL LABORATORY Or‘iginal DQSign Field Mar'gin at 4.6 K

Superconducting

Magnet Division

e Current for 36 T/m: 7.51 kA
Peak Field: 5.85 Tesla
Margin at 4.6 K: 28%

Margin to quench (%)

94.82
91.28
87.75
84.21
80.68
77.14
73.61
70.07
66.53
63.00
59.46
55.93
52.39
48.86
45.32
41.78
38.25
34.71

sis Margin across the coil:

27.64

ROXIE., Minimum 28% on the

Ioladlilne T’:l'[ 3|6 T{m @416 KE

| [

IB| (T)
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SOROOIHMAVEN Temperature Margin
Superconducting Over Different Blocks at 4.6 K

Magnet Division

Temperature margin (at Jop,Bop,Top)(K)

4.266
4.117
3.968
3.820
3.671
3.522
3.374
3.225
3.076
2.928
2779
2.630
2.482
2.333
2.184
2.036

Jsc(A/mm*2)[
3000 [

0N
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NATIONAL LABORATORY Field Harmonics in QZPF (6/20 mOdeI)

Superconducting
Magnet Division

Field quality in 6/20 design

(collar w

holes for tie rod, no notch)
(all harmonics <1 unit)

iIdth ~20 mm, no

REFERENCE RADIUS (mm) ... ... ..t iienannnns

HAENET STHENGTH iTIim (n-1)) o 36.08373

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1:
b 4:
b 7:
bla:
bl3:
bl6:

May 18, 2021

-0.06000 b 2: 10000.06000 b 3: -0.06006
-6.064348 b 5: 0.000006 b 6: -B8.36357
0.000006 b 8: -B.06184 b 9: -0.000006
8.62176 bll: -B.060608 bl2: -0.00007
0.06006006 bl4: -0.22463 bl5: -0.00000

-B.00000 bl7: 6.00000 bls: 0.01234
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NATIONAL LABORATORY
Superconducting

Yoke modified for tie rods and notch

(New model : May 2021)

Magnet Division

Harmonics with the same coll
(collar width ~20 mm, holes in
yoke for tie rods and notch)

200 250 300 350 00 450 500 50 o

MAIN FIELD (T) . iis i e s e e eseemeameamaanasnnnens 2.986814¢6
MAGNET STREENGTH (T/(Mm™(N—1)) .o e e e e e eeeenns 36.0018
NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -1.50352 b 2: 10000.00000 b 3 -0.181595

b 4: 0.756848 b 5: -0.03335 b © 1.31550< l
b 7: -0.006e7 b B: 0.01562 b 9 -0.00100

b10: 0.55171 bll: -0.00020 blZ2 0.00024

b13: -0.00003 bl4: -0.22307 bl5 -0.00000

ble: 0.00000 bl7: -0.00000 DblS: 0.01231
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BROOKHEVEN | Yoke modified for tie rods and notch

NATIONAL LABORATORY

Superconducting OPERA Model (May 2021)

Magnet Division

Collar width: ~20 mm
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Field in the electron beam region (6/20)

NATIONAL LABOR
superconducti  Yoke OR = 550 mm, Hole@366.8 mm
gnet Divisio
C 2 5E-03
k=2 2 4E-03 ) ]
% Vertical Axis
D — 2.2E-03
8 t 2 1E-03
(@) OE-
S @ e i
© Such small fields in the hole
= =0l Ccan be shielded with the
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&%‘33'5&%"‘91 Field in the electron beam region (6/20)

Magnet Divisio

Superconducti yoke OR = 550 mm, Hole@3668 mm

Title
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(@) | — NewLine
.CT) \ . I
8 . T vertical Axis
S = |
N m
>
O
= : _ _
+ Such small fields in the
1 hole can be shielded with \
E 0, \ | the techniques developed Boert
\ Horizontal Axis
\__,__ Opera

May 18, 2021 Q2pF Design Iteration EIC IR Meeting -Ramesh Gupta 10


mailto:Hole@366.8

BROOKHERAVEN | Yoke modified for tie rods and notch

NATIONAL LABORATORY

superconducting | Coil modified for field quality (5/21)
Magnet Division ¢
Harmonics with the iterated coll
(collar width ~20 mm, holes in
yoke for tie rods and notch)

(all harmonics now <1 unit,

bl, asmall dipole component at
high field; it will go away once
symmetric holes are put)

METIN FIELD (T) . is i e m e esssseseaneanassassesneneans 2.995451
MAGNET STRENGTH (T/ (M (n-1)) .ccuuiume e eeennnn 36.1259

NORMAIL EELATIVE MULTIPOLES (1.D-4):

b 1: -1.5127¢ b 2: 10000.00000 Db 3: -0.1582¢1
b 4: 0.75723 b 5: -0.03405 b 6: -0.00006 < I
b 7: -0.00667 b B8: 0.0154% b 5: -0.00101
b10: -0.00006 Dbll: -0.00020 Dbl2: 0.00023
b13: -0.00003 bl4: -0.115584 bl5: -0.00000

ble: 0.00000 DbI17: -0.00000 DblS8: 0.00175
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BROOKHFVEN
NATIONAL LABORATORY

Superconducting
Magnet Division

Evaluation of the Impact of

Increasing the Collar Width




BROOKHEVEN .

NATIONAL LABORATOR] New Ir'on YOke: May 2021 DgSlgn
Superconducting
Magnet Division

|Btot] (T)

ROXIE 102

=211niie nedcheld quality 21/05118 (

ROXIE

drugrd

Yoke: ir = 211 mm
Yoke or = 550 mm
Holes in yoke for tie rods %

Notch at yoke inner radius
» Collar width: ~30 mm ‘_L |
T 18

36 T/mat 7.78 kA
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BROOKHEVEN  New Design: Collar 30 mm (May 2021)

NATIONAL LABORATORY

Superconducting Field Margin at 4.6 K

Magnet Division

° Current for 36 T/m 778 kA EIC Q2pF 4.6 K ir=211nfie nedcRield quality 2110518
« Peak Field: 5.85 Tesla
« Margin at 4.6 K: 27%

5.864
] ) = 5.556
Margin to quench (%) | 5.248
= 4.939
- 4,631
- 4,323
- 96.36 ., 015
92,74 - - 3.706
- 89,06 3.398
[ 3.090
— B85.40 2.782
- B1.75 2473
7840 - 2165
— T4.44 = :22:73
70.79 .
- 1.240
67.14 — G
63.48 5% . . .
59.83 m ¢ Field in coil blocks
56.18
5252 e at 36 T/m
., Lol g Fu il o il § ol
- B o 1 1 1 1 1 1 1
41.56 :
[ ] 1791 0 20 40 60 80 100 120 140 160 180
L] 34.26
. i il-
= 2@ Margin across the coil:

26.95

rRoxIE.,MINIMuM 27% on the

Ioaltdlirlle alt 3(? T/rln @,?46| K

0 20 40 G0 80 100 120 140

Reduction in margin: ~1%

from increase In collar width
by 10 mm

160

180
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NATIONAL LABORATORY

Superconducting Over Different Blocks at 4.6 K

Temperature Margin (5/21)

Magnet Division

Temperature margin (at Jop,Bop.Top)(K)

R
4.349 %. y ,
., m i £ T
T =S 8
. - daisdl) ) ‘,~l’c

EIC Q2pF 4.6 K ir=211nifie nedchield quality 21/05/18 09:26

BT 16 [

2345676 9101112131415161714

Reduction in temperature
margin: 0.035 K from the

May 18, 2021

Aol o increase in collar width
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LABORATORY

NATIONAL

Superconducting
Magnet Division

Yoke modified for tie rods and notch
(New model : May 2021)

Harmonics with the same coll

(collar width ~30 mm, holes in

yoke for tie rods and notch)

Margin is ok but the field

qguality is no longer good.

» This can be easily fixed by
iterating the colil x-section

MAIN FIELD (

MAGNET STRENGTH

NORMAL RELATIVE MULTIPOLES
. 70511
27776
.00685¢
.20306
00002
. 00000

b 1: -1
b 4: 0
b 7: -0
bl0: 0
bl3: -0
ble: 0
May 18, 2021

T)

................................... 2.59856434
T/ (M (N-1)) «i e e e i e e e e ae s 36.0052
(1.D-4) :

b 2: 10000.00000 b 3 -0.20627

b 5: -0.0399% b 6 -3.28511 < |

b &: 0.00504 b S -0.00057

bl1l: —-0.0001e DblZ2 0.000053

bl4: -0.23322 bls -0.00000

bl7: —0.00000 Dbls 0.01276
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BROOKHRVEN | Yoke modified for tie rods and notch

LABORATORY

Magnet Division

superconducting | Coil modified for field quality (5/21)

1Bl M

Harmonics with the iterated coil i
(collar width ~30 mm, holes in g
yoke for tie rods and notch) =
(harmonics now <1 unit,

bl, asmall dipole component a
high field; it will go away once
symmetric holes are put)

I I 0 0 3.0247865
MAGNET STRENGTH (T/(Mm™(n-1)) ..ot iieineennnn 36.4429

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -1.71120 b 2: 10000.00000 Db 3: -0.19%220
b 4: 0.56687 Db 5: -0.0431¢ Db 6: -0.00006 < |
b 7: -0.0069% Db B: 0.00857 b O&: -0.00103
bl0: -1.10539% Dbll: -0.00017 DblZ: 0.00004
bl3: -0.00003 Dbl4: -0.16055 Dbl5: -0.00000
ble: 0.00000 Dbl17: -0.00000 Dbl&: 0.015¢4
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BROOKHFVEN

NATIONAL LABORATORY
Superconducting O.'-her‘ Cases

Magnet Division

Also examined cases for the collar width of

~25 mm and 40 mm
(not presented here)
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NATIONAL LABORATORY
Superconducting Summar'y

Magnet Division

» Impact of increasing collar thickness on the field margin
evaluated. This should be acceptable.

» Other changes in the yoke, like notch at the yoke inner radius
and holes in the yoke for tie rods also evaluated for the impact on
field harmonics. There Is a significant (not large) change in field
harmonics due to these changes.

» An iteration in coil cross-section can take care of that.

» Additional holes in yoke will be needed to keep low unallowed
harmonics. Field in the hole for path of e-beam can be kept low.

» These changes in the coil and yoke design should not have any
appreciable impact on the structure analysis of the magnet.

» However, the final iteration, including the end design, should be
carried out after the magnet parameters are fixed.

» Detailed engineering design should be carried out after that.
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BROOKHEVEN | Field in the electron beam region

Superconducting yoke OR = 550 mm, Hole@366.8 mm

(1)

Magnet Division
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NATIONAL LABORATORY

BROOKHEVEN
Hole

Positions in the 2-d Yoke

Superconducting

Magnet Division

@x=366.8 mm

|B| flux density (T)

3.876
3.673
3.469
3.265
-
=
2.451
2.247
2.044
1.840
1.636
1.433
1.229
1.025

0.822
- 0.618
0.414
0.211
0.007

ROXIE 102

|B| flux density (T)
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