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Updated Return End

» Cross-section was updated to accommodate a significant change
In turn-to-turn spacing (from 0.12 mm to 0.0965 mm).

» While turn distribution in inner layer remained same (31+4=35), It
changed in the outer from (21+13=34) to (19+15=34) in the outer
layer. Therefore, the end design needs to be updated.

» Need to assure a good field quality (end harmonics) and low peak

filelds with desired layout of end turns (Min. tilt angle 70 degrees).

Final optimization after the feedback from the single turn winding trials
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Revised X-section with L ooks good
Symmetric Wedges il mechanically

(as presented last week) Wf/f///ﬁ@»@é@

» Uses EIC Quad Cable
> Field Quality Optimized as before: inner 35 and @%

> Peak field Optimized outer 34, but turn

(same number of turns

distribution in outer

» Poles of Outer and Inner aligned layer changed) @

> Wedges made exactly symmetric %“%

» Collaring process should provide %%
a good pre-stress I R N R R B ::‘% |

I (nOte Wedge Shape at pO|ES) 0 20 40 60 80 100 120 140 160 180
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Peak Field Calculations in Q2pF Cross-section

Mirror iron calculations
81 (T) —— Bl () o (saves time, however,
¢ expect higher field

6.387

- .. at the same current)
= 5.722 ;
- 5.389
- 5.056
- 4.723

4.390

4.058

3.725

o _ . Mirror iron

gl Non-linear iron Peak Field: 6.89 T
gl Peak Field: 6.387 T Gradient: 41.498 T/m
[ Bowiil Gradient: 38.27 T/m
- 1.062 . .
- Peak Field Enhancement:
o Peak Field Enhancement: ROXIE 102 6.89T/5.81T = 18.6%
ROXIE 02 6.387T/5.358T = 19.2% (ratio about the same)

Lg [ 5 [ s F o § w0 g
0 20 40 60 80 100 120 140 160
» Mirror iron calculations takes significantly less time

Important in 3-d calculations; used during the optimization

0 20 40 60 80 100 120 140 160
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Return End for updated turn-to-turn spacing
(m I n tl |t an g I e 700) | e/qupta/EIC/Q2pF/2024/Q2pF24March/3d/Q2pF-RE-2layers-03-11-2024c.data] — O

» End turns of the outer layer
and the inner layers aligned

me/gupta/EIC/Q2pF/2024/Q2pF24March/3d/Q2pF-RE-2layers-03-11-2024c.data
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Additional Peak Field Enhancement in the Ends

e/qupta/EIC/Q2pF/2024/Q2pF24March/3d/Q2pF-RE-2layers-03-11-2024c.data] — O

End configuration iterated for
smaller peak fields in the ends.
Final optimization after the winding
trials.

7

ROXIE calculations With mirror iron s rees o comoemor. 10 (1 oo L.

- T ———— e —  ——— Qe —————

RESULTS OF THE 3D PEAK FIELD CALCULATION

PEAEK FIELD IN CONDUCTOR 1 3.0587

. - ] RESULTS OF THE 3D PEAK FIELD CALCULATION
° Peak fle d N 2-d 689 T PEAK FIELD IN CONDUCTOR 19 (T) euuvnennennenn... 1.4683

PEAK FIELD IN CONDUCTOR 8 1 L4683

S

RESULTS COF THE 3D PERE FIELD CALCULATION

o Peak f|e d |n 3-d 7_09 T PEAK FIELD IN CONDUCTOR 29 (T) e e e e e e e e 6.7153

PERK FIELD IN CONDUCTOR 29 (T) «uvvmeeomemennnnns 6.7153
RESULTS OF THE 3D PEAK FIELD CALCULATION

. . PERK FIELD IN CONDUCTOR 32 (T) «vveeemeaennnnns 6.7893

Only about ~2.9% h|gher peak fleld =« erep o conucror 32 (1) -rniilililil 6.7893
RESULTS OF THE 3D PERK FIELD CALCULATION

2 2 PEAK FI 3L (T)  ee e e e e e e 7.0905

than that in the x-section e o R
RESULTS OF THE 3D PEAK FIELD CALCULATION

. PEAK FTELD IN CONDUCTOR 45 (T) «vvmsvmemennnnns 5.8845

(what are the calculation errors?) PeAK FIELD IN CONDOCTOR 45 (1) ...l 1111110

RESULTS OF THE 3D PEAK FIELD CALCULATION

FEAK FIELD IN CONDUCTOR T T 1 T .8 4
. . PERE FI e S 1 .8c60d

Turn #34 is the pole turn in the outer |ayer | -——
PEAK FIELD IN CONDUCTOR 69 (T) L8508

PEAE FIELD IN CONDUCTOR €9 (T) wi it i iienannnan L8308

Oy
Oy
O

(=3I =]
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Integrated harmonics (3-d) in the Return End

e/qupta/EIC/Q2pF/2024/Q2pF24March/3d/Q2pF-RE-2layers-03-11-2024c.data] — O

End configuration iterated for lower
Integrated harmonics in the ends.

HAEEMONIC ANALYSIS NUMBEE . . . et i e e e e e e e e e eeeee e 1

MATN HABRMON I . . . o e e e e e e e e e m e e eeee e e e e e eeeeeee ... 2

. REEFERENCE BEDIUS (DM} @ v v v v v o v m e e nmannnsesnsnnennnsnsa 83.0000

L] X-POSITION OF THE HAEMONIC COIL (M) & v v e e e e wmmwmww- 0.0000

A reasonable end design: -EOSITION OF THE HARMONIC COIL (W) .o..oooo--ooo-
NUMEBEE OF ANALYSES BALONG F & v v v e e e neesessssssssensses 200

. . . LENGTH OF VIRTUAL COIL () & o e v n e e e e eee e eeeeans 5000.0000

» All integrated field harmoniCS are i woeros wosee .o

MEASUREMENT TYPE ....cvuieiieiinnnnnnnnnnns ALL FIELD CONTRIBUTIONS

We” W|th|n 1 un”:s (m”‘ror ”‘Oﬂ) ERROR OF HARMONIC ANALYSIS OF BL . .uvuueennnnennnnn. 0.7379E-04

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

o I I I I 3D BEEFERENCE MAIN FIELD (T) & v iiin it et eenenneannn -3.4447
Flnal Optlmlzatlon to be REFERENCE MAGNET STRENGTH (T/(m~(n-1)) ............. -41.5020
= - - MAGNETIC LENGTH (M) ... r i er s nesnnnnnnannnnns 3445.5359
performed after the winding trials
. . . NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1. :
b 1: 0.00000 b» 2: 10000.00000 b 3: -0.00000
and with non-linear iron.
b ¢

b 7: -0.00000 b 8: -0.00000 : -0.00000
b10: -0.0208¢ Dbll: 0.00000 bl2: 0.00000
bl3: -0.00000 Dbl4: -0.27%46 bl5: -0.00000
bleé: -0.00000 Db17: 0.00000 DblE: -0.00529
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Renderings of the Inner Layer of the Return End

(& Brookhaven Looks reasonably ok; to be examined more carefully
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Renderings of the Outer Layer of the Return End

| 2 Brookhaven Looks reasonably ok; to be examined more carefully
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Renderings of Both Layers of the Return End

(& Brookhaven Looks reasonably ok; to be examined more carefully
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Field along the z-axis at aradius of 100 mm
on the horizonal axis and vertical axis

Q2pF 2 Layers, x=0, y=100

2pF15mm Return Ends Feb 28, 2024 2410312 0539
Q2pF 2 Layers, x=100, y=0 L
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Next set of runs with

I (& Breckhaven (symmetric return end) tho seperate load end
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Field harmonics B, and B,, along the z-axis

Q2pF153mm Return Ends Feb 28, 2024 24/03M12 05:39 Q2pF15mm Return Ends Feb 28, 2024 24/0312  05:39
Q2pF 2 Layers, Bn Q2pF 2 Layers, Bn
60 — s
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(symmetric return end)
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Summary

» Initial return end design completed for the updated
turn-to-turn spacing

» The present solution has a reasonable peak field
enhancement in the ends and reasonable integral
harmonics

» Next : Update the Lead End

» Final finer optimization to be performed after the
winding trials in case parameters have to be adjusted

k? Brookhaven
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Comparison with the Previous Design

Previous Design

g4 EllLlS1 1L

Lo

Uod ELLLISFE Bl L

Previous value of insulation

Magnet Division

Ramesh Gupta

Revised Q2pF Return End for updated turn-to-turn spacing

March 12, 2024

5 _HLLF'EILTIL_ 0,15 0,12 |POLYIMID ME IMMER
Block Data 2D
Mo | Tupe | MCahb | R » | a | Current |Cable name | M1| N2|[I Mol H1| Hu | He |String |Act |Block
1t =] 31 140 0,54 0 -8500 EICLHCOZK » || 2 2000 1 3 6.44[PHIRS 2 =2
2oz | 4 140 31,179 25, 196 -8500 EICLHCR2K || 2[ 200 2| 5 PR Halli 2 >l
3Cos w| 21 156 | 0.5 0 -8500 [EICLHCOZK »|[ 2[ 200 3 © olaPHRs 2 =iz
- 4 0 0 ALPHRS 2 w4
4oz w| 13 156 17 20 8500 [EICLHCO2K » || 2] 200
New Design
L |BHFE U | BHFE . .
‘ 2 [EICI2ING 0,0965 [EICAZFF insulation New value of insulation
Uptimlzation algorlthm 3 ExtreEm b
'@ Block Data 20 =
Mo | Type | MCah | H| Y| | Current | Cable name | M1| M2|1] Hjl OHél f;l Gﬁ':;ing Igctﬂltilfa
1es =|[ 31 140 0.5 0 1000 EICQZFF | 2l 20[C |- s - R——— 5 |3
2oz ¥ 4 140 32,2986 32,0511 1000 EICQZPF  =|| 2 20[C | 5 g ¢ G555 FHIRS > vz
2 Cos= ﬂ 19 1564 0,45 0 1000 EICLZPF j 220 4 2 12| 10,3535 PHIRS 2 w4
4Cos  w|| 15 156 24,6366 23,0593 1000 EICO2FF || 2/ 200¢ | & 0 0ALPHRS 2 =2
3 0 | 0 ALFHRES 2 w4
¢ Brookhaven
National Laboratory 15



Cross-section (ROXIE)

R
N \\\\\\_\\\\\\\\W\\\\\\\\“ I IIWW/%,%
\% /‘,/:f'/ Btot] (T)

3.735
3.539
3.342
3.145

2.949
2.752
2.556
2.359
2.163
1.966
1.770
1.573
1.377
1.180
0.984
0.787
0.590
0.394

% /’%’ﬁﬁ' m\&\ \}\\\t‘x\ 0.001
i il |l||l\\\\\\\_\\m\ I i
T T

ORREET > Symmetric wedges

I Magnet Division Ramesh Gupta Revised Q2pF Return End for updated turn-to-turn spacing March 12, 2024

T N AT IS NI B
0 W 4 &0 B0 100 120

16



	Slide 1: Revised Q2pF Return End for updated turn-to-turn spacing
	Slide 2: Updated Return End  
	Slide 3: Revised X-section with Symmetric Wedges
	Slide 4: Peak Field Calculations in Q2pF Cross-section
	Slide 5: Return End for updated turn-to-turn spacing  (min tilt angle 70o)
	Slide 6: Additional Peak Field Enhancement in the Ends
	Slide 7: Integrated harmonics (3-d) in the Return End
	Slide 8: Renderings of the Inner Layer of the Return End
	Slide 9: Renderings of the Outer Layer of the Return End
	Slide 10: Renderings of Both Layers of the Return End
	Slide 11: Field along the z-axis at a radius of 100 mm on the horizonal axis and vertical axis 
	Slide 12: Field harmonics B6 and B10 along the z-axis
	Slide 13: Summary
	Slide 14: Extra Slides
	Slide 15: Comparison with the Previous Design
	Slide 16: Cross-section (ROXIE)

