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Design Goals : More Vertical Q2pF Ends

« Make this while satisfying the following other design criteria:
» Peak field in the Ends remain within a few percentage of the 2-d peak field

» Important as (a) we don’t want to lose any margin, and (b) the cable in
the ends is less well supported than the cable in the body of the magnet

» Good field quality (small integrated harmonics in the Ends, as in straight section)

Turns should be easy to wind. They should be easily kept in place with acceptable
strain on the conductor. Take feedback and useful experience from the single turn
test in B1pF. Follow a similar procedure. End turn layout should look reasonable

from ROXIE and CAD models before printing 3-d parts.

« First round is done manually for developing a better understating. Detailed
optimization to follow.

* One representative case each for 65 degrees tilt (25 degrees from vertical plane)
and for 70 degrees tilt (20 degrees from vertical plane) will be presented today.
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Initial Manually Optimized End Geometry
(tilt angles 65 degrees or more, 25° from pole)

Preview [fhome/qupta/EIC/Q2pF/f2023/May2023/Q2pF3D-may2023-d4b.data]

End Blocks
of the two
layers are

well aligned
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Views on Initial End Geometry (65°)
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First Examine the Peak Field and Compare with the Body
Peak Field in the Body of the Magnet

Q2pF15mm cable2K,3-d test 1 22/06/06 09:57
Peak fl el d Field on the conductor - peak field
— (including the self field, 1X5 subdivision)
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Peak Field Iin the Ends (65°)

 Peak field in the ends (including self field): 7.07 T; 2-d (Body) was 7.05 T
v'Peak field in the Ends is close to the field in cross-section

MARGIN CALC (USING JC-FIT):

BEOCE WENBEDY cois:uiio s adioshiogss oo 65 i i e 11

PEAK FIELD IN CONDUCTOR 70 (T) t'vverevennnnnnnnns ‘ 7.0716 All other
CURRENT IN CONDUCTOR T8 {A) ov.ivinicvsavanissvasvas -8500.0000 block
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) +.vvurvvnnnn. -886.0233 OCKS
PERCENTAGE “ON THE-LORD LINE. . waisisivinv o wioinvinicnsianisdins 66.9817

BUENCHEEREED BT Y s i s st s ants s wiaessavaiasa 10.5575 have 'f)W@r
TEMPERATURE MARGIN TO QUENCH (K) wuvvverunennnnnnnns 3.0748 peak fields
PERCENTAGE OF SHORT SAMPLE CURRENT . vvvvvvrvnnnnnnnn 27.5139

[fhome/gupta/EIC/Q2pFf2023/May2023/Q2pF3D-may2023-d4bm1.data]
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Integrated Field Harmonics (65°)

HARMONIC ANALYSIS NUMBER iisivesinieiasis s ssiaisiasios seaeis 1
MAIN HARMONIC .....cocceacecssacncesnocsncssnssansaos 2
REFERENCE RADIUS. (P)' - io:0in am:oniminaiviesn eininisaimam; oo uisaivan 83.0000
X-POSITION OF THE HARMONIC COIL (MM) ......ccovvveuenn 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ......ceveennnn 0.0000
NUMBER OF ANALYSES ALONG Z ...ccocesncccncannsscnsas 500
LENGTH «GF VIRTUAE C€OIL [BR) ovovevemonsseven e 2500.0000
REFERENCE POSITION NUMBER ...cciccesacnsncnnsonsnses 10
MEASUREMENT TYPE .iiiveianaivnivesdasinass s ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ieienvennennnnns 0.6698E-04

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

30/ REFERENCE MAIN FIELD (T) wwssvaswamasvanivuinvuiiiiva 3.4693
REFERENCE MAGNET STRENGTH (T/(mA(n-1)) ............. 41.7992
MAGNETIC LENGTH (M) «..corenormmumaneorsmemenonnsemmn 1723.3571
A reasonably
NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):
T 0.00000 b 2: 10000.00000 b 3: 0.00000 d I i
b 4: ©0.00000 b 5: -0.00000 b 6: 0.14827 QOO solution
b 7: -0.00000 b 8: -0.00000 b 9: 0.00000
b1e: -0.21782 b11: 0.00000 b12: 0.00000 for manual
b13: -0.00000 b14: -0.52195 b15: -0.00000
b16: -0.00000 b17: 0.00000 b18: 0.01163 mi "
b19: -0.00000 b26: -0.00000 b Opt|m|zat|0n
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Views on Initial End Geometry (65°)
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Mechanical Properties of the First turn of the
Initial End Geometry for 65+ Degrees Tilt Angles

GRAPHNO: 7. 8. Q2pF15mm cable2K,3-d File:Q2pF3D-may2023-d4bm.data 23105729 04:11 GRAPHNO: 11. 12
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Tilt Angle of 70 degrees
from midplane

(20 degree from pole)




Initial Manually Optimized End Geometry
(tilt angles 70 degrees or more , 20° from pole)

Preview [/home/gupta/EIC/Q2pF/2023/May2023/Q2pF3D-may2023-c4c.data]

Ends of the

two layers
are well
aligned
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Views on Initial End Geometry (70°)
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Peak Field in the Body of the Magnet

Q2pF15mm cable2K,3-d test 1 22/06/06 09:57

i Field on the conductor - peak field

Peak f| e| d (including the self field, 1X5 subdivision)

- .
in 2-d £ WR
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Peak Field Iin the Ends (70°)

« Peak field in the body (including self field) : 7.05 T
 Peak field in the ends (including self field): 7.07 T
v'Peak field in the Ends is close to the field in cross-section

RESULTS OF THE 3D PEAK FIELD CALCULATION

BEDEICNOMBER & s s s e s e A A e s 11 All other

B ABSORUTE T TEELA . v v s e on s s s ‘ 7.0729 R ] M\
B TRANSVERSAL TO CURRENT DIRECTION (T) +vvuurenrnnn. 7.0729

B TN DERECTION: OF CURRENT (X)) iciiscasmanaiasianas -0.0238 lower peak
B PARALLEL TO BROAD SIDE OF CABLE (T) wvvuuenreennn. 7.0280 field

B PERPENDICULAR TO BROAD SIDE OF CABLE (T)......... -0.7887 1€10S
NUMBER OF CONDUCTOR WITH PEAKFIELD .vvvvveeennnnnn. 70

11
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Integrated
Field
Harmonics
(70°)

National Laboratory

L? Brookhaven

HARMONIC ANALYSIS NUMBER .c.sccscncssccsssonsscnnnos |

MAIN HARMONIC ....cciicccescsnncccscsancanscssnncsanas 2
REFERENCE RADIUS (W) . v isaerilie e ais st smse s 83.0000
X-POSITION OF THE HARMONIC COIL (MM) ...vvvvvnennnns 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ..vvvevevnnnnas 0.0000
NUMBER OF ANALYSES ALONG Z ....ccucicncccacsancannses 500
LENGTHH: OF VIRTUAL COIL {P) a6 s aianiiesaiessres s 2500.0000
REFERENCE POSITION NUMBER ....ccco0ccc0c0s0000scssss0s 10
MEASUREMENT TYPE .c.cccccvessccnnncncscns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...iviieienvnnnnnnnns 0.6683E-04

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

3D REFERENCE MAIN FIELD (T) vvvvvvvvnsennnennnennnns 3.4693
REFERENCE MAGNET STRENGTH (T/(MA(N-1)) 'vvrvrunnnnn 41.7992
NAGNETIC LENGTH ) vk bes i arasiss s 1721.1688
NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):

b 1: 0.00000 b 2: 10000.00000 b 3: 0.00000

b 4: 0.00000 b 5: 0.00000 b 6: -0.01952

b 7: -0.00000 b 8: -0.00000 b 9: -0.00000

b10: -0.22372 b11: 0.00000 b12: 0.00000

b13: -0.00000 b14: -0.52159 b1s: -0.00000

b16: -0.00000 b17: 0.00000 b18: 0.01163

b19: -0.00000 b20: -0.00000 b

02pF3D-may2023-c4c.output 90% L11100 (Fundamental)

Magnet Division Ramesh Gupta Initial Investigation of Q2pF Ends with Favorable Tilt Angles

Reasonably
good
(even

better)
solution for

manual
optimization
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Views on Initial End Geometry (70°)

~ Q2pF3D-may2023-c4cm1.pdf -

= Q2pF3D-may2023-c4cm1.pdf -
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Mechanical Properties of the Initial End Geometry
for 70+ Degrees Tilt Angles

Geodesic GRAPHNO: 7. 8.
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Comparison between 65 degrees & 70 Degrees Tilt Angles

Mechanical Properties of the First turn of the
Initial End Geometry for 65+ Degrees Tilt Angles
GRAPHND: 7. & (i2pF 1 5mm cabike2¥, 3-d File:02pF Mmay2023-d4ben | data v TR GRAPHMO: 11 12 6 50
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l_ '.\\ L : i i
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About the right size tube avallable

@ k Ramesh Gupta — Mag: X ﬁ Mail - YogoMania Ho X Mi RAMESH, You've Still © X @ Have It All | Hilton Grz X Hilton Grand Vacations Ho X 1 Cart Page | OnlineMe: X @ 304 Stainless Steel, 1+ X

<« C @ O B hitpsy//www.onlinemetals.com/en/cart B &« @ L 0 8 9H
OnlineMetals.com relo. Slgnin | @ Deas | MYy can
- - & Account & Lists
Material v Shape v Aluminum + Stainless v All Steel v Red Metals v Services v Knowledge Hub + Keyword.. Q

f‘\ Value of your cart over $1000? Chat or Call us For an additional discount!

NGHIVVG all IWGHTIED ) W YUl Wall

11” dia=» r=139.7 mm

(this Is close enough |
. 11" OD x 0.25" Wall x 10.5" ID Stainless Round Tube 304 - Part 4: 26744
to 140 mm for single Dimensions

Outer Diameter: 11" Wall: 0.25" Inner Diameter: 10.5"
1 1 $1,982.90
Size: 36.0" §198290ea
turn winding test). / a1 ,
L) = A\ WARNING:C d R ductive H -

Let’s order this tube - s

O n C r e d I t C ar d fo r [ Add to Project List } Material Meets These Standard(s): ASTM-A269

il Test Reports (MTR's) is available for this item.
quick delivery

Cart Total Weight : 86.1 Ib.

Check this box to request Your Free MTR ®

($am O u nt W i t h i n th e Add Reference Numbers (Optional) E] f "
credit card limit) 1 tems - Subtota $1,98290
m i I em:d;-or:l Ser:,icgs , $;l.00 m

This is good enough to get idea from the single turn test on how turns

(8) Bl nokhaven are going to lay out to provide useful feedback.
Magnet Division Ramesh Gupta Initial Investigation of Q2pF Ends with Favorable Tilt Angles May 30, 2023
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Summary of Initial Look of the

Manually Iterated End Design
» The results presented were developed manually for a systematic
Investigation to optimize a good mechanical and magnetic end design.
This suggest that a more vertical tilt angle should be possible.

There Is no large increase in the peak fields in the ends over the body
(Important part of the exercise).

Field harmonics look ok (within one unit) - may be further optimized.

Tube with a size close to what we need has been located for inner
layer. Let’'s order it on credit card for quick delivery to get started.

» Tube for the outer layer can also be ordered or made with SS sheet.

» Suggest that we do (limited) winding tests for both layers but limit the
I curing test to one layer only.

k? Brookhaven
National Laboratory
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Cross-section (Block 2D Data) of Q2pF

Xroxie [fhome/qupta/EIC/Q2pF/2023/May2023/Q2pF3D-may2023-d4bm1.q

Eile Edit [isplay Fun
Comment @ |M2pFl5mmn cableR2K, 3-d FilE:BEPF'ED—maHEDEE—dﬁ'Ibml.data

Main Options

F 20 geometry (LEMD? 4 Endspacers (LHEDG? A Time tranzient (LPEES:
| A Optimization (LALGO:
Cable data path § roxie-eic,cadata Browse View file

E 20 Options
E 3l Opt ions

'@ Block Data 20

Mo | Type | MCak | H | Y | a | Current |Cable name | H1| N2 | Inag | Turn| Hel| =
1oz w|| 15 140 0.5 0 -8500 EICLHCE=K »| 1| 5[0 [ o 1[7]
2lcos  w|[ 15 140 0.5 0 -B500 EICLHCE2K » || 1] 50 o 2
ICez ¥ 4 140 33,0445 32.5991 -8500 EICLHCE2K »|| 2| 100 0] 3
4fos  w| 11 155 0.5 0 9500 EICLHCEZK »|| 1] 50 0| 4
GlLos  w|[ 10] 156 0.5 0 -8500 EICLHCEZK »|[ 1] 5[0 0] 5
ECos w10 156 24,9744 25, 2508 ~8500 EICLHCEZK » || 1] 5[0 0 6|—
7o w1 156 24,9744 25,2508 -8500 EICLHCE2K »|| 1] 5[0 0| 7
Slos vl 1 156 24,5744 | 25,2508 -8500 EICLHCE2K w|| 1] 5[0 o &
e w1 156 24,9744 25,2508 -8500 EICLHCEZK »|[ 1] 5[0 0] 9

10 Cos | 1 156 24,9744 25,2508 ~8500 EICLHCEZK » || 2[ 100 0] 10

11os =] 1 156 24,9744 | 25,2508 | -8500 EICLHCE=K » || 2| 200 o 114

k? Brookhaven

National Laboratory
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Input for beta 65 or more (magnetic)

Xroxie [fhomefgupta/EIC/Q2pFf2023/May2023/Q2pF3D-may2023-d4b

-ile Edit Display Fun

Conment 3 |B2pF15mm cablel2k,3-d File

|

lain Options
FF 30 geometry (LEWD:
|

4 Endspacers {LHEDG:

A Optimization (LALGO:!

A4 Time transzient (LPERS!

Cakble data path : roxie—eic.cadata Brouse || View file
iﬂED Opt ions
iﬂED Opt ions
T Block Data 2D
f| Block Data 3D
He | Tupe | Al Eo| zo| Hi | Ho | Hued | Horder |
1 Diff, Geometry £ ¥/ 65 | 1. 51 1140 0,28 0,28 15 2.2
2 Diff. Geometry £ | £5 1.2 1100 0,29 0,29 15 | 2.2
3 Diff, Geometry £ ¥ £5 | 1.3 1670 0,28 0,28 15 2.3 |
4 Diff, Geometry £ ¥/ £5 1.1 1100 0,28 0,28 15 2
5 Diff, Geometry £ | 67 1,15 1150 0,28 | 0,28 15
& Diff, Geometry £ | £5 1,2 1100 0,28 0,28 15
7 Diff, Geometry £ | 75| 1,25 1530 | 0,28 0,28 | 15
8 Diff, Geometry £ _:j 75 1,25 1520 0,28 0,28 15
9 Diff. Geometry £ ¥ 75 1.25 1530 0.28 0.28 15
10 Diff, Geometry £ ¥ 80 1,25 1530 0,28 0,28 15
11 Diff, Geometry £ ¥/ 50 1,25 1530 | 0,28 0,28 | 15

k? Brookhaven

National Laboratory

Magnet Division

Ramesh Gupta

[ T e | L N

Xroxie [/home/gupta/EIC/Q2pF/2023/May2023/Q2pF3D-may2023-d4b.data]

Mo | H1| Hu | He|String |Act. |M/=
1 1100 1700 1652 Z0 2 =|3
2 1000 | 1700 1530 20 |2 =11
3 20 B0 37 [DzZzZR 2 =L
4 10 0 23,7173 [DZZR 2 w2
5 10 B0 37 [DZzZR 2 w|d
6 10 30 14,6026 DZZR 2 x|
7 10 80 70,6626 DZZR 2 «|6
g 0 B0 0.5 [DZZR 2 w|7
E] 0 B0 0,5 [ZZR 2 «|a
E] 0 B0 50 | DZZR 2 w|3
10 0 GO 0,5 [ZZR 2 |10
11 0 0 0 [PHIR 2 w2
12 0 0 ALFHR 2 w2
13 0 0 [PHIR 2 =|E
14 65 65 65 [BETA 2 w|(2
15 0 0 0 |ALPHR 2 =|5
16 ] ] 2 HORDER 2 =2
17 0 0 0 PHIR 2 w|[7-11
18 0 0 0 ALFHR 2 w|[7-11
May 30, 2023 23
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Input for beta 70 degrees or more

e Edit Display Run
nment 3 |II!2pF15mm cablel2k . 3-d File:l2pF30-23augl022 . data ]

lezign Yariakbles

h Oet ions Optimization algorithm § 1 Extremn
FF 30 geometry (LEMD? 4 Endspacers (LWEDG 4 Time transient (LPERS!
o 4 Optimization {LALGO: Mo | Hl | Hu | Hz | String | Act | Hia
1 1100 1700 1651 [£0 2 ﬂ 3
Cable data path @ |roxie-eic.cadata Brow=se View file o 1000 1700 1530 |70 o ﬂ 11
o0 Options 3 20 G0 a7 \DZZR e ﬂ 1
d 10 0 22,7173 |DEZR 2 ﬂ 2
20 Options
5 10 (=10 a7 D22k 2 w4
o lasaral 6 10 30 14,6026 [DZZR z =5
lock Data 30 7 10 20 70, ER2E [DZZR 2 w|&
He | Tupe | Al Eo| zo| Wi | o | Huwed | Hn:n“der|. a 0 (=10 0.5 DZR 2 =|[7
1 Diff, Geometry £ ﬂ 70 1 51 114':'. 0,28 0,28 15 2.2 g 0 G0 0.5 IZZR o w|lg
2 Diff, Geometry £ ¥/ 73| 1.2 1100 0.28 0.28 | 15| 2.2\ g o o 50 [[77p 2 v
2 [0iff, Geometry £ ﬂ 75 1.3 1670 0,28 0,28 15 2.3
10 0 a0 0.5 DR 2 w10
4 |[Diff, Geomstry £ ﬂ 70 1.1 11000 0,28 0,28 15 2118
5 Diff, Geometry £ ¥ 72 1.15 1150 0,25 0.28 15| 7 (L1 . . QiR z B
& [Diff, Geanstry £ ¥ 70 1.2 1100 0.28 0.28 15 z|l 12 0 0 0 |ALPHR 2 =l
7 Diff, Geametry £ v || 20 | 1.25 1530 | 0,28 0,28 15 20 13 Q Q 0 |FHIR 2 =l
2 [Diff ., Geometry £ ﬂ a0 1.26 1530 0,28 0,28 15 21 14 70 0 70 |BETA 2 =2
9 Diff, Geometry f | 80 1.25 1530 0.28 0,28 15 2115 0 0 0 |ALPHR 2 |5
10 Diff, Geametry £ ¥ 80 1,25 1530 0.28 0,28 15 215 o o > [HORDER 2 =l
11 Diff, Geometry £ ﬂ 20 1,25 1530 0,28 0,28 15 2 17 0 0 o PHIR 5 lw|[7F-11
18 0 Q 0 |ALPHR 2 =|[7-11
? Brookhaven home/qupta/EIC/Q2pF/f2023/May2023/Q2pF3D-may2023-c4cm1.data]
National Laboratory 5
4
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Input for mechanical plots

Graph
Mo | Type [¥ walue | Mz | Mda | ¥ walue | Mz | Mz | Plot number |
| 1[30 coil w|ARCLE | 0 { |CGEODE | 1 0] 1
| 2|30 coil w|lARCLE | | 0 [BGEODE | 1] o] 2
| 230 coil w|ARCLE | 9| 0 [CHORMA | 1 ol 3
| 4[30 coil ¥ | ARCLE | 0 O [BMORMA | 1] 0 4
| 530 coil w|ARCLE | | 0 [CTORS | 1 0l 5
| 630 coil w|ARCLE | 0l o [BTORS | 1] 9| 3
| 7030 coil ¥ | ARCLEC | ]| 0 |CGEDDE | 1 ol 7
| B30 coil w|[ARCLE | | { [BGEODE | 1] 0 7
| 330 coil w|ARCLE | 0l 0 [CHORMA | 1] q| 8
| 1030 coil w||ARCLE | 0l 0 [BMORMA | 1 9| 8
| 1130 coil ¥ | ARCLE | | 0 [CTORS | 1] ol E
| 1230 coil | [ARCLE | 0] 0 [BTORS | 1] 0] E
@ Plotting 30
4 20 min, field in cond, (LEOLERZ} 4 20 max, field in cond. (LEOLEEFY 4
Mo | z-axis|Colour  |doguad | View | Group | Field
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