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Updated Cross-section

» Cross-section needs to be updated to accommodate a significant
change in turn-to-turn spacing (0.0965 mm instead of 0.12 mm)

» Since the inner layer has 35 turns and the outer 34 turns, means
a decrease of over 0.8 mm in each layer. This is a large change
compared to the typical acceptable tolerances of 50 um (2 mils).

» Such alarge change test the flexibility of the design.

> Initial results show that it can be accommodated.
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Revised X-section with L ooks 000d
Symmetric Wedges Wil p
> Uses EIC Quad Cable MW]/[/W//@@

» Field Quality Optimized &

» Peak field Optimized

» Poles of Outer and Inner aligned @%

» Wedges made exactly symmetric _—

» Collaring process should provide %
a good pre-stress (same number of turns %%
(note: wedge shape at poles) as before: 35+34=69) %%
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(same as before) o 2w s s 10 w10 10 18
O Lty
Magnet Division Ramesh Gupta Revised Q2pF Cross-section with updated turn-to-turn spacing March 5, 2024 3




Comparison with the Previous Design
S GG R SRR Previous value of insulation

| TIL_ 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 E] 6.44[PHIRS 2 =2
2oz | 4 140 31,179 25, 196 -8500 EICLHCR2K || 2[ 200 2| 5 12] PR Halli 2 >l
3Cos w| 21 156 | 0.5 0 -8500 [EICLHCOZK »|[ 2[ 200 3 © olaPHRs 2 =iz
; d 0 0 0 |ALPHRS 2 4
4oz w| 13 156 17 20 8500 [EICLHCO2K » || 2] 200 =]
New Design
L |BHFE L U | BHFE . .
‘ 2 [EICI2ING 0,15 0,0965 [EICAZFF insulation New value of insulation
Uptimlzatlion algorlthm 3|1 ExXtreEm 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
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Cross-section (ROXIE)
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Comparison with the Previous Design

(Field Harmonics)

HARMONIC ANALYSIS NUMBER .. v isieinsneeeennnnneens 1
HARMONIC ANALYSIS NUMBER . .. vvveeemnneenaneennnnn- 1 MEIN HERMONIC & iiseeseeesseenanaaesennaaeaneennnn 2
MAEIN HARMONIC ..t e e e s e eee e mee e e eme e emeeeemeneens 2 REFERENCE RADIUS (IMM) v vvvee e e i eeemeeesennnnnnens 83.0000
REFERENCE EBEDIUS (M) - v i s i e i e e e e e e e e e e e e e e amemmeme 83.0000 ¥X-POSITION OF THE HAEMONIC COIL (M) .« v v v v eeeeeeen e 0.0000
X-POSITION OF THE HARMONIC COIL (mm) ............... 0.0000 Y-POSITION OF THE HARMONIC COIL (M) v ouvuuwenneennn. 0.0000
Y-POSITION OF THE HARMONIC COIL (mm) ............... 0.0000  MEASUREMENT TYPE . ..uueuivennnnenneenennns ALL FIELD CONTRIBUTIONS
MERSUREMENT TYPE .. vvveneeennnnennnnenns ALL FIELD CONTRIBUTIONS  ERROR OF HARMONIC ANALYSIS OF BT . ... .. ..o+ 0.5964F—04
ERROR OF HARMONIC ANALYSIS OF BE .....o.oe.inon...... 0.6776E-04 SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
SUM (Br(p) - SUM (An cosinp) + Bn sininp))
MATH FIELD (T) 3 14750p VAIN FIELD 5 T 3.176139
MAGNET STRENGTH (T/ (™ (0-1)) +eveenmmnneeeaannnnennn 37.9217  MRGNET STRENGTH (T/(m*(n-1)) -..evnnvennrennnnennne. 38.2607

NORMAIL RELATIVE MULTIPOLES (1.D-4): NCEMAL RELATIVE MULTIPOLES (1.D-4):

b 1: ~0.14254 b 2: 10000.00000 b 3: 0.00250 b 1l: -0.30804 Db 2: 10000.00000 b 3: 0.06621
b 4: -0.01577 b 5: 0.02641 b 6: ~0.10295 b 4: -0.02748 Db 5: -0.02335 Db ©: 0.21-43
b 7: -0.00201 b 8: -0.00094 b 9: 0.00065 b 7: -0.00135 b 5: -0.00180 Db 5: -0.00012
b10: -0.40774 bll: -0.00011 bl2: 0.00000 bl0: 0.03e88 Dbll: -0.0000% blz: -0.00000
b13: -0.00002 bl4: -0.46484 Dbl5: 0.00000 b13: 0.00001 bl4: -0.29425 Dbl5: 0.00000
b16: -0.00000 bil7: -0.00000 bi8: 0.00550 bl6: 0.00000 bil7: 0.00000 bils: -0.00151

» ~1% higher transfer function

() Brooknaven » better field quality (see b10 and b14)

National Laboratory

I\/Iagnet Division Ramesh Gupta Revised Q2pF Cross-section with updated turn-to-turn spacing March 5, 2024



Comparison with the Previous Design

(Peak Fields at 8500 A)
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1Bl (T)
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About the same peak field ratio
(higher field due to higher TF)
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Comparison with the Previous Design
(Quench Margin)

Margin to quench (%)

Margin to quench (%)
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Field and Temperature Margins
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GRAPHNO: 1. 2. &

: : 04 |-
Saturation-induced :
Harmonics *F
o -
-0.2 _-—
Looks ok (within 1 unit) 0s [
Can be optimized more §
06 [—
-0.8 :—

-1 - Bl O | I | T EN| I 11 1 I | I | | | l |-

2000 4000 6000 8000 10000 12000 14000
L;\ NBItﬂ'OOIkthavten- CURRENT (A)
Magnet Division Ramesh Gupta Revised Q2pF Cross-section with updated turn-to-turn spacing March 5, 2024

10



>

>

kf~

Magnet Division Ramesh Gupta Revised Q2pF Cross-section with updated turn-to-turn spacing March 5, 2024

Summary

Change In turn-to-turn spacing in the 2-d design could be quickly
absorbed in the revised cross-section

New design has about the similar performance as before - a little
higher transfer function and a little better field quality (lower b6 and
010 harmonics)

Since the detailed engineering design has not yet started, this update
should not bring any appreciable delay in the overall schedule

3d end design has to be re-optimized for peak field and 3-d field
harmonics (estimate about 2 weeks for both return and lead ends).

This was a good test run for the abillity to absorb surprises (hopefully
not too many will come In future but always be ready for them)
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