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ABSTRACT
This report presents calculation made by Sigmaphi at 4250A

Opera files:

318711-JLAB-Qpole-V112-0OP3 (simulation with shims)
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Opera Model
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View of the mesh
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By at 250,0,0 (T) and gradient — Middle of the coil @ 4250A
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Field map on the coil surface@ 4250A
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Field map on the coil surface@ 4250A

Surface contours: BMOD
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By field homogeneity on a circle @500 @ 4250A

1foct. /2013 09:57:13
UNITS

Length mm
Magn Flux Density T

Magnetic Field Afm
Magn Scalar Pot - A
Current Density ~ Afm?

v /N -~
\ [ [\ / [

-1.0E-03
318711-JLAB-Qpole-V112.0p3
TOSCA Magnetostatic

Nonlinear materials
Simulation No 2 of &

-1.5E-03
2246894 elements
1516810 nodes
43 conductors

_ Nodally interpolated fields

2.08-03 Activated in global coordinates

Reflection in XY plane (Z field=0)
Reflection in ¥Z plane (Y+Z fields=0)
Reflection in ZX plane (Z+X fields=0)

2503 \ / \ / \ / \ / Fietd Point Lol Cordinats

-3.0E-03 FIELD EVALUATIONS
Line LINE {(nodal) 101 Cartesian
¥=250.0 y=0.0 z=0.0
-3.5E-03 Cirde CIRCLE {nodal) 101 Cylindrical
\ / \ / \/ r=250.0 §=0.0 to 360.0 z=0.0
-4 0E-03
Xcoord 250.0 T77.2542486 -202.25425 -202.25425 77.2542486 250.0
Ycoord 00 237.764129 146.946313 -146.94631 -237.76413 0.0
Zcoord 00 0.0 0.0 0.0 0.0 0.0

Component: ((BMODI(#RAYON_REF'O_Dm)j!#GD}—L from buffer: Circle, Iniegral = -3.13458434496509
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By = f(x) @ 4250A

1foct. /2013 09:57:18
UNITS

Length mm
Magn Flux Density T
392 Magnetic Field Afm
- Magn Scalar Pot A
Current Dengity ~ Ajm?
Power w
28 Force M

MODEL DATA

24 318711JLAE-Qpole-V112.0p3
- TOSCA Magnetostatic

Nonlinear materials

Simulation Mo 2 of &

20 2245894 elements
; 1516810 nodes
43 conductors
Nodally interpolated fields
1.6 Activated in global coordinates

Reflection in XY plane (Z field=0)
Reflection in ¥Z plane (Y+Z fields=0)
Reflection in ZX plane (Z+X fields=0)

12 Field Point Local Coordinates
Local = Global
0.8 FIELD EVALUATIONS
Line LIME {(nodal) 101 Cartesian
x=0.0to 250.0 y=0.0 z=0.0
0.4 Circle CIRCLE (nodal) 101 Cylindrical
r=250.0 6=0.0 to 360.0 z=0.0
0.0
Xcoord 0.0 50.0 100.0 150.0 200.0 250.0
Y coord 0.0 0.0 0.0 0.0 0.0 0.0
Zcoord 0.0 0.0 0.0 0.0 0.0 0.0

Component: BMOD, from buffer: Line, Integr.:al =421 418606512384 - Bmod-:f(x}—Vers_HZ
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By = f(z) @ R=250mm @ 4250A

1foct. /2013 09:57:18

UNITS
Length mm
— Magn Flux Density T
392 Magnetic Field Afm
” Magn Scalar ot A
Current Density ~ Afm?
Power w
2.8 / \ Force N
/ \ MODEL nﬂ-?zpol
318711-1LAB -V112.0p3
24 / \ oscA Magnetatc
Nonlinear materials
/ \ e
20 / \ 15156810 n:c’l“:sn
48 ductor:
/ \ Nodc;li; ;herpsdated fields
16 Activated in global coordinates
/ \ Reflection in XY plane (Z field=0)
Reflection in YZ plane (¥ +Z fields=0)
12 / \ Reflection in ZX plane (Z+¥ fields=0)
i / \ Field Point Local Coordinates
Local = Global
0.8 / \ FIELD EVALUATIONS
/ \ Line LINE {nedal) 101 Cartesian
x=250.0 y=0.0 z=0.0
04 Circle CIRCLE (nodal) 101 Cylindrical
r=250.0 €=0.0to 360.0 z=0.0
0.0
X coord 250.0 250.0 250.0 250.0 250.0 250.0
Y coord 0.0 0.0 0.0 0.0 0.0 0.0
Z coord -1700.0 -1020.0 -340.0 340.0 1020.0 1700.0

Component: BY, from buffer: Line, Integral = 5370.76093565216 : By=f(z)_a_R_ref-Vers_112
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An-Yalues|Br-Yalues [an bn lenl
@ In @ In @ I @ I @ In
M Tm Tm vt 119077 | it 11,9074 unit [1.10-4)
1 0 6.32E-07|0.00 0.00 0.00
2 1} 53890356 [0.00 10000.00 1000000 100,00
3 0 3.7T3E-07| 0.00 0.00 0.00 6.92E-06
4 0 3.065E-05)0.00 0.06 0.06 5.63E-04
5 0 4 97E-0O7|0.00 0.00 0.00
5] 0 -0.014723) 0.00 -27.33 27.33 -2, T3E-01
7 0 2 1E-02)0.00 0.00 0.00
=] 0 1.816E-05) 0.00 0.03 0.03 3.37E-04
3 0 2.3TE-07|0.00 0.00 0.00
0 0 -0.003287)0.00 -E.10 6.10 -6.10E-02
1 0 5.2E-02)0.00 0.00 0.00
12 0 1.25E-05(0.00 0.0z 0.0z
13 0 21E-07|0.00 0.00 0.00
14 0 -0.0002345)0.00 -0.64 0.64
15 0 2.82E-07|0.00 0.00 0.00
16 0 1.208E-05) 0.00 0.0z 0.0z
17 0 T.EB2E-07|0.00 0.00 0.00
1a 0 -0.000282)0.00 -0.53 053
13 0 5.88E-07|0.00 0.00 0.00
20 0 5.801E-0E) 0.00 0.01 0.01
21 0 2.2TE-07|0.00 0.00 0.00
22 0 9.93E-05|0.00 0.1z 0.1z
23 0 4. 33E-07|0.00 0.00 0.00
24 0 -2 59E-06)0.00 0.00 0.00
25 0 3.92E-07|0.00 0.00 0.00
26 0 2.374E-05)0.00 0.04 0.04
27 0 T1ZE-O7(0.00 0.00 0.00
2a 0 2. 613E-06) 0.00 0.00 0.00
29 0 6.55E-07|0.00 0.00 0.00
30 0 8.774E-0E|0.00 0.0z 0.0z
A 0 4. 84E-07|0.00 0.00 0.00
Sum 0.00 -34.20 35.02
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Fx force density in N/mm3 — 4250 A

1/0ct. /2013 11:22:25

Map contours: #Fx/1000000000
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Fy force density in N/mm3 — 4250 A

Map contours: #FY /1000000000
4.465819E-001

4.000000E-001

3.000000E-001

—
—— 2.000000E-001 . '
-t N
b, ) q - W
L 1.000000E-001 ::
® %Zn
—_——
L1 0,000000E +000 ‘
N
L1 1.000000E-001 &
- L
L -2.000000E-001 R Ly
i: -3.000000E-001
4183211E-001 v

Integral = -3.549983E +002
lz X

Sylvain ANTOINE

15



= Model OPERA-3D — Vers 112 @ 4250A

SIFMAPHI

MAGNETS ANDO BEAM TRANSFORT

Fz force density in N/mm3 — 4250 A

1/oct./201311:48:31

Map contours: #FZ/1000000000
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Fmod force density in N/mm3 - 4250 A

1/0ct./201311:52:44

Map contowrs: #FMOD /1000000000
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Fx force density in N/mm3 — 4250 A

T/oct /2013 12:01:41

Map contours : #FA1000000000
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— -5.000000E -002
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1
-1.413005E 00

Integral = 5.943943E +002
Opera
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FY force density in N/mm3 - 4250 A

[ - —_ — e = - = - R

T/oct /2013 12:0%11

Map contours: #FY/1 000000000
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Fz force density in N/mm3 — 4250 A

Map contours: #FZ/1000000000
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Fmod force density in N/mm3 - 4250 A

M ap contours: #FMOD 000000000
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The peak lorenz force density in the coil N/mm3 — 4250 A

Surface contours: #FMOD /1000000000
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Energy—4250 A

% Information: \ l ? 2 J
Integrals over wolumes with labels:
ALL
Aeotivated replications are included.
Energy (int {(int H.d4B) dv) = 3.8306812Z3626E+0& (ENERGY) [J]
Coenergy (int {int B.dH) dw) = 1.0153513503E+07 (COENERGY) [J]
Volume = 2_7E+11 {(VOLUME ) [mm**3] l

i)

Inductance: ( 2*energy/Current?)=2*1.01/4250%=1.12H

23
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dG/GO0 homogeneity an dGL/GLO homogeneity— 4250 A

dG/Gref - dGLfGLref -
. BY(T) G (T/m) Opera Integral (T.mm)  |GL(T) Opera
Radius{mm) @ In @ In @In Radius{mm) @ In @ In @in
25 0.336834 15473371 -6.91E-04 a5 538007100 21550884 9.20E-08
?5] 1%?;;?; 1:j;iﬂi _:;::Eﬁ 50 1077 8B9185 21557784 B.32E-04
- - —= 75 1616760237 21556803 7.B6E-04
100 1.347503 13.475033 -5.68E-04 100 2155.532011 2155532 7.18E-04
15 1682573 13476581 233608 125 2594. 178318 21 553427 E-SDE—G-@
150 2021867 153479112 -2.66E-04 - - -
175 2 350208 13 282852 1 19E-05 150 3232.367455 215458116 4 30E-04
200 2 697658 13 3RR2ER 215608 175 3769.808547 21541763 8.81E-05
275 3036528 13495751 268608 200 4306.014557|  21.530073 -4.55E-04
750 3377057 13.508229 1.80E-03 225 4840071867 21511431 -1.32E-03
Gref [average) 12 48725035 250 5370.760936 21 483044 -2 64E-03
Glref (average) 21 5398645
2.50E03
1.50E03
2.00803 f 1.00E03
1.50E03 / [ LH*\
100803 / 0.00E+00 : \ T 1
—— . 100 \ﬂ] 200
5 00ED4 dﬁ;“ Gref-Opers 5. 00E04
/ @In \ —4—dGL/GLref- Operz
0.00E+00 T : : : . ! -1.00E-03 @in
50 100 ‘).ﬁ/ 200 250 300 1 50503 \
|5.00E-04 " - \
-1.00E-03 200803 \
-2.50E03 ™
-2.00E03

dG/G dGL/GL
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Opera calculation-Summary

Jlab Specification

7 December 2009

Sigmaphi 3D calculation
318711-jlab-3D-vers112

Amp-Turns
Nb Turns

Gradient

Integrated Gradient

Lorenz force density —peak value at
the coil (Vertical middle plan)

Lorenz force density —peak value at
the coil (head)

Stored Energy

Field in the coil

Integrated harmonics coefficients
B3/B2
B4/B2
B6/B2
B8/B2
B10/B2

Sylvain ANTOINE

6.818*10°
423 Turns
13.03 T/m
21.4T.m
Not specified
Not specified

9.21 MJ

Not specified

0.1%
-0.05%
-0.3%
-0.1%
-0.1%

@ 4250A

7.225*108
427 Turns

13.50 T/m

2148 T.m

Max fx density = 0.443 N/mm3
Max Fy density = 0.446 N/mm3

Max Fmod density = 0.592 N/mm3

10.1 MJ

6.218 Tesla

6.92E-06 %

5.69E-04%
-0.273 %

3.37E-04%

-6.10E-02 % 25



