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Overview

Results presented last week further analyzed and iterated
* More detailed harmonic and magnet length examination
+ Peak field
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End Geometry (1)

[/home/qupta/EIC/Q2pF/2022/3D2022Aug/temp/0L-Q2pF3D-a1-symm-peak.data]
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Integrated Harmonics (Iow enough)

MATN HABRMONIC . st et e i et s e e m s s s s m e s s e ennsnn s

EEFERENCE RADIUS (MIM) . v i s i e e e e e e s emammemnamnnn s BE.DDDD
¥X-POSITION OF THE HARMONIC COIL (MM} ... uouweuenannoa- 0.0000
Y-POSITION OF THE HABRMONIC COIL (MmM) .. oueommnnna- 0.0000
NUMBEE OF ANALYSES ALONG Z .. i s it i e e i e e nanmns 300
LENGTH OF VIRTUAL COIL (M) . v eenennnnannnnnneasa 3000.0000
EEFERENCE FPOSITION NUMBEER ... ..ot i e e e ns 10
MEASUEEMENT TYPE .. ..ot i i i e e e e e e e e mme s ALL FIELD CONTRIBUTIONS
ERROER OF HAEMONIC ANALYSIS OF Br ... ieeee e 0.5637E-04

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
Reference field at 8500 A

3D REFERENCE MAIN FIELD (T) - v onoomoooeoeoeeee 3.4693 (mirror iron)
REFERENCE MAGNET STRENGTH (T/(m® (0-1)) & vuvuwnnnnn.. 41.7992
MAGNETIC LENGTH (IMIN) . v v e s e e e e e e e e e oeomommmommemmmnnmom 1740. 600647 —) Magnetlc Iength
NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4): (mirror iron):
b 1: 0.00000 b 2: 10000.00000 b 3: ~0.00000 2X1.74 = 3.58 meter
b 4- 0.00000 b 5- 0.00000 Db 6- -0.08941
b 7- ~-0.00000 b 8- -0.00000 b 9: ~0.00000 : : : .
b10:- -0.20212 bll: 0.00000 bl2: 0.00000 Tip to tip coll length:
b13- -0.00000 bl4- -0.52143 bl5: ~0.00000 ~3.65 meter
b16- -0.00000 b17: -0.00000 b18: 0.01153

~ =

Q’ NBaZ?rgh?b?r\égﬂ For reference: Magnet length in pCDR: 3.8 m
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Comparing 3-d Field Gradient at Center with 2-d Field

« 3-d mirror gradient at the center of the
magnet is almost the same as in 2-d

* In 2-d: ~8% drop in gradient due to iron
saturation (3-d calculation to follow)
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3-d mirror iron

3D REFERENCE MAIN FIELD (T) & cv et eeeeeeenceeenenns 3.4693
REFERENCE MAGNET STRENGTH (T/(m*(n-1)) ......ceeeen.. 41.7992
2-d mirror iron
N 170 0 2
EEFEEENCE EBADIUS (IMN)] & v s v v v v m e e wommeomomomommmmmmmmn o 83.0000
X-POSITION OF THE HRRMONIC COIL (MmM) . .- v oo e oeeemn 0.0000
YT—POSITION OF THE HAEMONIC COIL (IM) & v v v e s e e wemw o 0.0000
MEASTUREMENT TYPE .. it i it i e e e e et nmensnnas AL, FIELD CONTEIBUTIONS
EREOCE OF HAEBMONIC ANALYSIS OF B & .. i e it s s e aneeaa 0.%032E-04
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
METH FTIELD (T it i it e et e e et et e e e e e am e amesmeaeeaeann 3.465052
MAGNET STRENGTH (T/ (M (n—1)) . e e e e e e e e e e e s 41.7958
2-d saturating iron
I - 0 2
EEFEEENCE BADIUS (IMI) & o v v v v v e e v mmnammmmemmnessnsn oo 53.0000
X-POSITION OF THE HAEMONICZ COIL (INN) v v i v v e ovmmwowowomm s 0.0000
Y-POSITION OF THE HARMONIC COIL (IN) v v v v e e mwewwns 0.0000
MEASTUREMENT TYPE ... i i i it i et s e e tmmenmans ALL FIELD CONTRIBUTIONS
EEECE OF HABRMONIC ANALYSIS OF Br ... ie s et iennenns 0.5037E-04
SUM (Br(p) - SUM (EAn cos(np) + Bn sin(np))
METIN FIELD [T i h it o e e e et e e me e mmsamsameeeeeeenn o 3.180771
MAGNET STRENGTH (T/ (M™ (N1=1)) o s e et e et e e e e e emmmemnn 36.4430
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Field Harmonics alonqg the AXIS

B2 along the length Q2pF15mm cable2K,3-d File:0L-Q2pF3D-a3-harm.data

22/08/23 07:39
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Field Harmonics along the Axis

Q2pF15mm cable2K,3-d File:0L-Q2pF3D-a3-harm.data 22/08/23 07:39
Q2pF15mm cable2K,3-d File:0L-Q2pF3D-a3-harm.data 22/08/23 07:39
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Harmonics in the Ends

Q2pF15mm cable2K,3-d a2 22/08/23 05:44

Field Harmonics due to the Ends

B2 along the length

12000 = 30 REFERENCE: MATN FIELD [F) ..vvmeovemensmmaneimmamesye 3.4927
B REFERENCE MAGNET STRENGTH (T/(mA(n-1)) ......uuunnnn 42.0806
. MAGNETIC LENGTH (WY «oivuatos b sswumaas uivees 337.3861

e NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):

| b 1: 0.00000 b 2: 10000.00000 b 3: 0.00000
B b 4: 0.00000 b 5: -0.00000 b 6: -0.41519

8000 | b 7: -0.00000 b 8: -0.00000 b 9: 0.00000
- bie: -1.06884 bi1: 0.00000 b12: ©.00000
I b13: -0.00000 b14: -0.48584 b15: -0.00000

6000 | b16: -0.00000 b17: 0.00000 b18: -0.00008

Integrated Field Harmonics in the Magnet

4000 =
: 3D REFERENCE MAIN FIELD (T) .vvteeeeeeeccacaannnnaaes 3.4693
K REFERENCE MAGNET STRENGTH (T/(m*(n-1)) ....cueneuene... 41.7992
2000 — SRR e (RNCRISEEE SN oo o s o 560 BRI S0 SR B N 8 1740.6647
4 NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):
o b 1: 0.00000 b 2: 10000.00000 b 3: -0.00000
Ll il iliiiliiil, boa: 0.00000 b 5: 0.00000 b 6: -0.08941
b 7: -0.00000 b 8: -0.00000 b 9: -0.00000
1400, SE°TR00° S5 0005 w000, I 0. 1 W iine -0.20212 bll: 0.00000 bl2: 0.00000
z bl3: -0.00000 bl4: -0.52143 bl5: -0.00000
blé6: -0.00000 Dbl7: -0.00000 Dbl8: 0.01153

' National Laboratory
Magnet Division Ramesh Gupta 3-d Optimization of the Magnetic Design of Q2pF August 23, 2022




Peak Field in the Ends

« Peak field in the body (including self field) : 6.94 T (7.05 T, without fine sub-division)
« Peak field in the ends (including self field): 7.03 T
« Thisis very close to the field in cross-section

MARGIN CALC (USING JC-FIT):

BLOCK NUMBER ::csccvsscsvscccsccssssvsscssssscsscsssas 11
PEAK FIELD IN CONDUCTOR ¢ 5 ) 3 R e R S et 7.0305_
CURRENT IN CONDUCTOR: TO (R))is s esiiaaiineaesiesaesesses -8500.0000
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ....civvnnnnn -886.0233
PERCENTAGE ON THE LOAD LINE ..ccccovoccccccssccnsnsns 66.6742

These results to be checked with other codes (OPERA3d, COMSOL?)
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Peak Field Reduction Strategies in the Ends

The fundamental peak field reduction strategies are similar in all
designs such a

22/Aug/2022 15:16:39

Surface contours: B
2.700289E+0

2.500000E+0
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s in the Optimum Integral Design (shown below)

3-d Optimization of the Magnetic Design of Q2pF
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UNITS

Length m
Magn Flux Density T
Magnetic Field Ajm
Magn Scalar Pot A
Current Density ~ Ajm?
Power w
Force N

MODEL DATA

eic-pbl-Tube 1-6lyr-a3s.op3
Magnetostatic (TOSCA)
Nonlinear materials

Simulation No 1 of 1

199281 elements

121625 nodes

1029 conductors

Nodally interpolated fields

with coil fields by integration
Activated in global coordinates
Reflection in XY plane (Z field=0)
Reflection in YZ plane (X field=0)
Reflection in ZX plane (Z+X fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Line LINE (nodalfinte) 101  Cartes
x=0.0 y=0.0 z=-0.t

m— Opera
Midplane turns extend full length in the Optimum Integral Design 1

August 23, 2022

1



UNITS
Length m
Magn Flux Density T
Magnetic Field Afm
Magn Scalar Pot A
Current Density ~ Afm?
Power w
Force N

MODEL DATA
eic-pbl-Tube 1-6lyr-a3s.op3
Magnetostatic (TOSCA)
Nonlinear materials
Simulation No 1of 1

199281 elements

121625 nodes

Nodally interpolated fields

with coil fields by integration
Activated in global coordinates
Reflection in XY plane (Z field=0)
Reflection in YZ plane (X field=0)
Reflection in ZX plane (Z+X fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Line LINE (nodalfinte) 101  Cartesian
x=0.0 y=0.0 z=-0.59 to 0.59

Opera

UNITS

Magn Scalar Pot A
Current Density ~ Afm*
Power W
Force N

MODEL DATA

eic-pbl-tube 1-6lyr-f1.0p3
Magnetostatic (TOSCA)
Nonlinear materials

Simulation No 1 of 1

199281 elements

121625 nodes

969 conductors

Modally interpolated fields

with coil fields by integration
Activated in global coordinates
Reflection in XY plane (Z field=0)
Reflection in ¥Z plane (X field=0)
Reflection in ZX plane (Z+X fields=0)

Field Point Local Coordinates
Local = Global

August 23, 2022
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Summary

The solution presented last time was optimized by hand via a
systematic investigation. It still looks good after a more through
examination. Other solutions were also examined but the one
presented last time looks good in overall sense.

Coil length is within the guideline specified by engineers (Mike).
There appears to be no increase in the peak field in the ends
over the body (within the calculation errors). This helps in
maintaining the margin as computed in 2-d.

Integral field harmonics are low (about Y2 unit). Good for now.
Next task OPERA model and computation of 3-d harmonics as a
function of field, along with the field errors in the hole where
electron beam will traverse.
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Xroxie [fhomefqupta/EIC/Q2pF/2022/3D2022Aug/temp/OL-Q2pF3D-a4-harm.d;

File Edit Diszplay Run

| ¥
| @ Block Data 20
No | Tupe | HCak | ®| i a | Current |Cable name | H1| H2| Inag | Turn| NE'E
1Cos ¥|[ 18 140 0.5 0 5500 EICLHCE2K »|[ 1] 50 o[ 1%
2os w|[ 15 140 0.5 0 -2500 EICLHCEZK «|[ 1] S50 o ¢
3o | 4 140 23,0446 32,8991 -8500 EICLHCE2K || 2] 100 o[ 3
d4os | 11 156 0.5 0 -5500 EICLHCE2K »|| 1] 50 ol 4
Slo:  w| 10 156 0.5 0 -5500 EICLHCE2K »|| 1] 50 Of 5[ — : :
Gos  w|[ 10 156 24,9744 25,9508 -8500 EICLHCEZK »|[ 1 G0 o ¢ H Design Varisbles
7Cos =] 1 156 24,9744 25,2508 -8500 EICLHCE2K »|[ 1| 50 of 7 DR ni=at e e e bR L Extren i
Blos v 1 156 24,3744 25,2508 -8500 EICLHCE2K »|| 1] 50 ol 8 =
9Coz v 1 156 24,9744 25,2508 8500 EICLHCE2K »|| 1] 50 o[ 9 Mo | 1] Hu | He | String ‘Act. |H/a
10 Cos - 1 156 24,9744 25,2508 -8500 EICLHCE2K || 2] 100 0/ 10
B 2 1 1100 1700 1670 |20 K
11 Cos  ¥| 1 156 24,9744 25,2508 -8500 [EICLHCE2K w|[ 2| 200 of 11
2 1000 1700 1530 20 2 =11
More options
Mo | Strin | Mz | M= | =] 3 20 G0 A7 077k 2 =1
1 CONTR
F; g 10 40 22,7173 DZZR 2 ™|
/ 5 10 60 37 DZZR 2
[ & Block Data 30 G 10 30 14,6026 DZZR 2 =5
Me | Tupe | Al Eo| zo | Wi o | Hued | Horder | B 7 10| 0 25,6626 DZZR 2 kA
1 Diff, Geometry f ¥ 58 1.1 1140 0,15 0 15 2.2
: | : = 2 30 30 DZZR 2 w|[F-10
2 Diff, Geometry £ ¥/ B0 1.2 1100 0,15 0 15 2,2
3 Diff . Geometry £ ¥| 78 1.3 1670 0.1 0 15 2.3 E 0 PHIR 2 Bl
d |Diff, Geometry f ﬂ G0 1.1 1100 0,15 0 15 2 1.:]' 0 GLPHR o w2
5 Diff, Geometry £ ¥/ B5 1,15 1150 0,15 0 15 2 11 o FHIR 5 .
1 -
& Diff, Geometry £ ¥/ 70 1.2 1100 0.1 0 15 2|l=
7 Diff. Geometry £ ¥ 75 1.25 1530 0.15 0 15 2 12 k) 029 59 BETA 2 =2
B |Diff, Geometry ﬂ 75 1,25 1530 0,15 0 15 2 13 0 0 0 [ALPHR o w|F
9 Diff, Geometry £ ¥/ 75 1,25 1530 0,15 0 15 2
T -
10 Diff, Geometry f ¥ 75 1,25 1530 0,15 0 15 2 14 2 2 2 [HORDER: 2 2
11 Diff. Geometry £ | 75 1.25 1530 0,15 0 15 2|, 15 0 0 0 PHIR 2 w|[F-11
— 15 0 0 0 ALPHRE 2 w|[F-11
¢ Brookhaven =
National Laboratory
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