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Magnet Division

» Design studies completed for now for Q2pF. Several cases
examined but only the chosen one will be presented.

» Operation at 4.2K/4.6K. Peak field (margin), field quality and
field in the electron beam region optimized.

» The optimized design benefits from the feedback from the last
meeting on the geometric, mechanical, magnetic design.

» Strand/wire used: dia =1.065 mm, Cu/Sc =1.6.

» Cable: 19.4 mm wide (19.7 with insulation) with 36 strands,
min thickness: 1.788 mm, max thickness: 2.012 mm.

> We will “try” to use this cable (and RHIC dipole type cable)
for all EIC magnets.

» Initial discussion on B1ApF and BOApF.
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SEONEEEN Chosen Cable Design (ROXIE)

Superconducting

Magnet Division

| @ Strand
| Ho|Hame | diam. | cufsc| RRR| Tref | Bref|  Jc@BrTr| dJc/dB | Comment | H|
STREIC1 1. 065 1.6/ 70 1.4 10 1501 £00. 34 EIC ERUKER-CERN SCALED, TRDEGERA | -
1 |5TROL 1.0k 1.6 T0 1.9 10 1433 3 500, 34 ME INNER
2 |STROZ 0. 825 1.9 an 1.9 9 1953 550,03 ME OUTEER, MO
‘& Cable Geometry
Ho | Hame | height | width_i | width 0| ns| transp. | degrd | Comment | =
1 EIC3IRdZa 18.4 1.788 2.012 36 115 3 |EIC 36 STRAND @4, 2K 2 Layers |_;_
T Cable Definition
| Mo | Hame | Cable Geom. | Strand | Ailament | Insul | Trans | Quench Mat. | T o/ Comment | =]
4% EIC3613 EIC3G1E STREIC1 NETII ALLPOLYTIL (WONE HONE 1.8 |EIC CABLE 36 STE&ND, 1.8E
43 EIC3ad 2 EICIG42 STREIC1 NETII ALLPOLYTIL (WONE HONE 4 2 |EIC CAELE 36 STRE&ND, 4. 2K
Q 44 EIC36428 EICIE4Zn STREIC1 NETII ALLPOLYTIL (WONE HONE 4 2 |EIC CAELE 36 STRE&ND, 4. 2K
45 EIC36dEE EICIA42h STREIC1 NETII ALLPOLYTIL (WONE HONE 4 6 [EIC CABLE 36 STRAND, 4. 6E

Strand dia =1.065 mm; 36 strands in cable

Cu/Sc =1.6, width 19.4 mm (bare)

|:> Operating Temperature: 4.2 K /4.6 K

June 23, 2020
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BROOKHIAEN | Coil 2 Layers, one wedge in each layer
Superconducting 73 turns/pole (36 inner, 37 outer)

Magnet Division__

» Poles of inner and outer layers aligned
» Coll poles have proper angles for collarlng

AC/C2pF/roxie/QdpF-06-23-2020-Grad36-T4_bk-h423.data] O *

Coll radius: 140 mm

Lo b b b by by 1 e
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BROOKHEVEN

NATIONAL LABORATORY

Superconducting

Magnet Division

A good field quality can be
obtained with the restriction of
designing the cross-section for
a good mechanical design

Field Harmonics in Q2pF

(all harmonics <1 unit)

REFERENCE RADIUS (mm)

HAENET ETHENETH iTIim (n-1))

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1:
b 4:
b 7:
blO:
bl3:
bl6:
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SIS Iron Yoke - Current Design

Superconducting

Magnet Division

Yoke: ir = 201 mm; or = 550 mm
Hole@ x = 366.8 mm to 423 mm === ROXIE
Radius of hole = 75 mm =

Collar width = 20 mm for 36 T/m =:=

EIC 36 strand cable 4.2 K Q2pF 20/06/22 17:35

100 150 200 250 300 350 400 450 500 550 600
31404 nodes
46 regions

500.0 600.0 700.0 800.0 [221Jun/2020 23:38:49 Page 34|

X [mm]
Opera
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BROOKHEVEN | Field in the electron beam region

Superconducting yoke OR - 550 mm, Hole@3668 mm

(1)

Magnet Division

Cilse
rackha
V\EIC\
23-202
Linear
XY syn
Vector
Magnet
Static

Case 2
Scale f§
62257
31404
46 regi

FL DATA
Jta\OneDrive - B
tional Laborator
‘\opera'\q2pf-06-

nts
ial
Hs
In

177
nts

22/Juni

5000 800.0

3000 600.0 700.0

400.0

0.0

3:38:49 Page 34

X [mm]
Component: B
4 57314E-05 2.8?3106632 5.746167533
—

[ —

Component: B

1.4469E-03 B_DD2§2E-DS 0.010558736
| —
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BROOKHEVEN

NATIONAL

LABORATORY

Superconducting

Magnet Division

25
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B,(T)
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Field in the electron beam region (2)
Yoke OR = 550 mm, Hole@366.8 mm
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B(T)
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Component: B

I457314505 2 873‘\06632
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Q2pF Design for 4K Option

EIC IR Meeting

500.0 600.0

0.0

0.0

r~otenual Swom
Conductivity -Sm
Source density A mm*
Power W
Force N
Energy J
Mass “kg

MODEL DATA
C:\Wsersigupta\OneDrive - B
rookhaven National Laborator
[V \EIC\Q2pF +\operalq2pf-06-
23-2020 st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static salution
Case 2 of 2
Scale factor: 177
62257 elements
31404 nodes
46 regions

[22/1Jun/2020 23:38:49 Page 34

-Ramesh Gupta

Length omm
Flux density T

Field strength - A m~
Potential Wb m
Conductivity S m
Source density: A mm-*
Power :

Force N

Energy |

Mass “kg
MODEL DATA

C:\Users\gupta\OneDrive - B
rookhaven Mational Laborato
YEICWQ2pF+\opera\g2pf-06-
23-2020.st

Linear elements

XY symmetry

WVector potential

Magnetic fields

Static solution

Case 1of2

Scale factor: 1.0

62257 elements

31404 nodes

46 regions
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BROOKHEVEN

Field in the electron beam region (3)

NATIONAL LABORATORY
Superconducting | Yoke OR = 550 mm, Hole@366.8 mm
2 5E-03
2 4E-03
Vertical Axis
— 2.2E-03
, . 21E-03
m 2. 0E-03
1.9E-03
h mall field in th
Such a small field In the
1.7E-03 . .
=0 NOle can be easily shielded
8.0E-03
X coord 3668 3668 3668 23668 3668 3668 3668 3668 3668 3668 3668 3668 3668 3668 3668
o 7-5E-03 Y coord 0.0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Values of B
I_ 7.0E-03 | |
e G 5E-03
MODEL DATA
m 6.0E-03 C-\Users\gupta\OneDrive - B
Tyt
opera -Ui-
5 5E-03 Jagoo0e N
Li |
5.0E-03 . . XY eyt
Vector potential
45E-03 o
Horizontal Axis
4 0E-03 Case 2 of 2
Scale factor: 1.77
3.5E-03 62257 elements
31404 nodes
3.0E-03 46 regions
25E-03
X coord 2960 3060 3160 3260 3360 3460 3560 3660 3760 3860 3960 4060 4160 4260 4360
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Values of B | |
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BROOKHEVEN

NATIONAL LABORATORY
Superconducting

Minimization of Peak Field

vagnet bvison_|_(optimization to increase margin) -

Peak field on o
conductor: 5.85 T —
- 5:233
o o - 4,927
Field Gradient X — R
Coil radius = - ;ﬁggf
36 T/m*0.14 m :gggg
=5.04T e
Enhancement = .
5.85/5.04=16% .
[ ula-ﬂ.-t
- {II:EST
= - 0.331
Operating current: == .
ROXIE 102

7. 51 KA (lower
current density for
higher margin)

June 23, 2020

Q2pF Design for 4K Option
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SIWHEAEL | Field Margin at 4.2 K
Superconducting °
Magnet Division

EIC 36 strand cable 4.2 K Q2pF 20/06/22 17:32

Healthy Margin:
~47% over 36 T/m
at 4.2K

(68% on loadline)

Jsc{A/mm**2)[
3000 —

1500 —

1000 —

0 2 4 G 8 10 12 14
B(T)
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SROOKHAEN. | Field Margin at 4.2 K
Superconducting °
Magnet Division

EIC 36 strand cable 4.2 K Q2pF 20/06/22 17:32

Margin across the
Margin to quench (%) COII: Minlmum 32%

95.19 N‘P" on the |Oad||ne at
s . 36 T/m at 4.2K

88.57

85.25 - o e
81.94 g '
75.31

72.00

68.68
65.37
62.06
58.74
55.43
52.12
48.80

45.49
=

42.18

=

38.86
=
=

Healthy Margin:
~47% over 36 T/m
: at 4.2K

o lilaial.l 1. B & ., (68% on loadline)

0 20 40 60 80 100 120 140 160 180 200

35.55
32.23

ROXIE 102
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NATIONAL LABORATORY

Superconducting
Magnet Division

Temperature Margin at 4.2 K

Over Different Blocks

EIC 36 strand cable 4.2 K Q2pF

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

Y
F 4.666 7

4.517
4.368
4.220
4.071
3.922
3.774
3.625
" 3.476
3.328
3.179
3.030
2.882
2.733
2.584
2.436
2.287
2.139
1.990
1.841

ROXIE 102

In

20/06/22 17:32

EIC 36 strand cable 4.2 K Q2pF

20/06/22 17:32

Jsc(A/mm*2)[
3000 [—

1 2 3 4 5 6

June 23, 2020
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SIWHEAEL | Field Margin at 4.6 K
Superconducting °
Magnet Division

18000

16000

I(A)
14000

Healthy Margin:
~38% over 36 T/m
at 4.6K

(72% on loadline)

1200

10000

0 2 4 B B 10 12 14
B(T)
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BROOKHEVEN Field Margin at 4.6 K

Superconducting

Magnet Division

Margin to quench (%)

ca Margin across the coil:
b _ Minimum 28% on the
loadline at 36 T/m @4.6 K

94.82
91.28
87.75
84.21

80.68
—Rexy
73.61

|

I

S 70.07
e 6853
63.00
59.46
55.93
52.39
48.86
===
45.32
£ 4178
=
38.25
B 34.71
= 31.18
B
27.64

ROXIE 102

0 20 40 60 80 100 120 140 160 180 200
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NATIONAL LABORATORY
Superconducting

Temperature Margin at 4.6 K

Magnet Division

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

3000
4.266

4.117
3.968
3.820
3.671
3.522
3.374
3.225
3.076
2.928
2.779
2.630
. 2.482
e 2.333
2.184
2.036
1.887
1.739
1.590
1.441

ROXIE 102

1500

0 i

1000

i

Over Different Blocks

Jsc(A/mm**2)[

A

1 2 3 4 s 6

0 20 40 60 80 100 120 140 160 180 200
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BROOKHEVEN

LABORATORY

NATIONAL

Superconducting
Magnet Division

3
1

15000

12500

10000

Field Margin at 4.2 K over 41 T/m

0 2 4 6 8 10 12 14
B(T)

June 23, 2020 Q2pF Design for 4K Option

Significant
Margin: ~25%
over 41 T/m at
4.2K (9 kA)

(80% on loadline)

EIC IR Meeting -Ramesh Gupta




BROOKHEVEN

NATIONAL LABORATORY Field Mar'gin over 41 T/m @4.2 K

Superconducting
Magnet Division

Margin to quench (%) Margln aCI'OSS the

r!i'lt 1. . om 0
- .o coil: Minimum 20%

— - on the loadline at
Tnn o Ty * 41 T/m at 4.2K

A Reasonable

- Margin: ~25% over
ROXIEe: 41 T/mat4.2K
b L L 'iL (80% on loadline)

0 20 40 60 80 100 120 140 16
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NATIONAL LABORATORY

Superconducting
Magnet Division

Temperature Margin over 41 T/m

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

EEEAr: i

k)
4.680 oL
4.497 _,_,..J'[L"
4.314 e
4131
3.948
3.765
3.582
3.399
3.216
3.032
2,849
2.666
2.483
2.300
2.117
1.934
1.751
1.568
1.385
1.202

ROXIE 12

Jsc{A/mm**2)[

1500

1000

June 23, 2020

Q2pF Design for 4K Option

EIC IR Meeting

at 4.2 K Over Different Blocks
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BROOKHFAEN o .
NATIONAL LABORATORY Two POS'?'O"S Of HOleS iNn The YOke

Superconducting

Magnet Division
- 3.673
=
— 3.062
=4
2.044

IB| flux density (T) @X:366.8 m m IB| flux density (T) @X:423 m m
. 2o ;

=

- 2:654

s 1.433
1

- 1.229
% 1.025
0522
— B
I
— R

0.007

ROXIE 102

ROXIE 102

Lol 1 o W Lol e R | W

0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550

A total of five sets of files. 4.2 K and 4.6 K for two hole
positions. Also one case at 41 T/m for completeness.
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BROOKHFEVEN
NATIONAL LABO‘RATORY O‘rher Magnets

Superconducting

Progress on other magnets should be rapid now. Most
overall issues are settled and things are automated.

As per our recent discussion, | would now move to Q1B
and then Q1A and then other cable magnets.

It is very important that all restrictions and all wishes
are communicated completely and clearly ASAP.

Some thoughts on BOApF and B1ApF based on a quick
overall survey of cable magnets.

June 23, 2020 Q2pF Design for 4K Option EIC IR Meeting -Ramesh Gupta



BROOKHEVEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BOAPF

wheuynwe i1}
Wexiwnw qibols gejg
WEBUSHC |SUELN
BObE pgb

E- E.

Table 6.3: Parameters of the BOATPF magnet.

What can be th

Parameter Value

Magnetic length [m] 0.6

Maximum dipole field [T] 3.3

Aperture [m] 0.09

Required field quality 1x 104

Physical length [m] 0.6

Physical width [m] 0.16

Physical height [m] 0.16 (a) Geometry
Superconductor type NbTi

Conductor [mm?] RHIC cable, 9.73 = 1.2679 | B
Current density [A/mm?] 421 ' w | ‘
Cu:5ce ratio 2 ' ‘
Temperature [K] 4.2 "

Peak field wire [T] 4.36 . .
Magnetic energy [J] 264000 “ llllll " )
Ampere turns [A-t] 343200

MNumber of turns 78 s‘ "
Current [A] 4400 L
Inductance [H] 0.027273 a .

Margin loadline [%] 30 ) Current density in A/

0S\S5\I8
ANENE
NENE

0088 SCIA
373 BCIAE
02 3C[AB

e coll aperture?

Try to make it 10 cm, then one
can use the already developed

design and tooling of single layer
DO magnet. Such a debate can
save significant time and budget.

Why a 2-layer
design for 3.3T?

June 23, 2020

EIC IR Meeting

)\

We should be
able to get a
solution in a
single layer
design!!!

and current density of BOAPF corrector dipole at tt

Q2pF Design for 4K Option

-Ramesh Gupta 22



NATIONAL LABORATORY
Superconducting

B1APF

Magnet Division

Table 6.10: Parameters of the BIAPF 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 1x10°*
Physical length [m] 1.6
Physical width [m] 0.41
Physical height [m] 0.41
Superconductor type MNbTi
Conductor Cable 2062mm?
Current density [A/mm?] 148
Cu:5Sc ratio 1.3
Temperature [K] 4.2
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 [%] 60

June 23, 2020

» Dipole field isonly 2.7 T
(compare this to RHIC dipole, 3.45 T
with good margin).

We should be able to get a solution with
the RHIC cable and “should not” have
to use the more difficult wider cable (in
dipole, the cable width is independent
of magnet aperture).

Magnet has a large aperture. There may
be a significant loss of pre-stress on
cooldown In a typical design with
steel/stainless steel collars.

Candidate for Aluminum?

Q2pF Design for 4K Option EIC IR Meeting -Ramesh Gupta
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