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Three Dimensional Calculation on Toroidal Magnetic Field
for RHIC Polarimeter
Takeo Kawaguchi , RIKEN
1996-2-6
1. Abstract
I and Dr.Okamurahave calculated the magnetic field of the
toroidal magnet for RHIC polarimeter. A location of the polarimeters
is shown on Fig. 1.
Here, I write the calculated results, and also write some problems
on the calculation which I experienced, as one of the instruction
manual for using TOSCA code.

2. Dimensions of Toroidal Magnet
Dimensions of the toroidal magnet which I got from Okamura,
are as follows.
Iron pole: inner dia. 15 cm, outer dia. 80 cm, length 150 cm.
Pole gaps: 4 gaps, each gap angle 7 degree
Toroidal coils: 12 pcs, total AT= 0.36 MA
cross section of one coil is 2.0X 1.5 cm®
current density 10000 A/cm’®
My opinion to the above geometry is that the inner diameter of
the pole should be increased to get more space in inner region
for coil arrangement.

3. Roughly Estimation of Magnetic Field
Magnetic field strength can be estimated using one dimensional
method as follows.

Lg=7r-r-40g/360
=0. 244r (m)
Li=n"r'40i/360
=2. 90r (m)
AT=HgLg+HilLi
=B (Lg+Li/ ur) /0
= (BLg/px0) (1+Li/(Lggur)
= (0. 194Br) (1+11. 88/ ur) X10°
AT : total ampere turns (A)

B ! magnetic field strength (T)
average value in gap and iron.

¢ 0 permeability of air=4nx 10”
p 1 . permeability ratio of iron

. total gap length (m)

i : total iron length (m)
. one gap angle = 7 degree
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i . one pole angle=83 degree
. radius of calculation point (m)
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Figure 3-1 shows the B-H characteristics of iron pole, and
the permeability ratio shown onFig.3-2. was calculated from
Fig. 3-1.

We can roughly estimate the magnetic field strength of this
toroidal magnet using the above equation and Fig. 3-2.

The result is shown on Fig.3-3, and it shows that the magnetic
fields at r=0.1m and 0.35m are3.5T and 2.3 T with the ampere
turns of 0.36 MA.
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Fig.3-3. Estimated B-AT
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4. Results of Three Dimensional Calculation
Results of the calculation are shown on following pictures.

Fig. 4-1 : TOSCA model
Here, full toroidal coils of 12 pcs. and a part of 1/8 of the
iron poles are used for the calculation.

Fig. 4-2 :Magentic fields in Air gaps
Fields on x and y axises ( in gap center) are shown.
Maximum field is 2.8T.

Fig. 4-3 : Bmod along radii
Bmod ( absolute value) on r=10cm and r=35 cm are shown.
Roughly estimated values are also compared.

Fig.4-4 : Bmod vector on Pole face

Fig.4-5 :Bmod vector in Inner area

Fig.4-6 :Bmod vector in Outer area
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5. Some Problems on the Calculation
I'd like to write some problems which I experienced on this
calculation, as one of TOSCA manual.

(1) Error field and mesh size
Figure 5-1

one.

shows a typical error field on this calculation.
We can point out two problems on the figure; one is a some big
fields and another is an opposite vector.
The opposite vector is described in next paragraph (2).

A reason of the big fields was the big mesh size, and

we can find the following message in OPERA [.res] file after
TOSCA calculation.
This error would be occurred with large mesh size on the
boundary between Total potential area and Reduced potential
This problem was improved by increasing the mesh number
from 10,000 to 80,000 total elements.

Frror Message on TOSCA[ .res] file

NUMBER OF TOTAL/REDUCED INTERFACE NODES= 2584
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TO SOURCE PER LINE INTEGRAL = 5.
1308.37

error=
error=
erxors=
error=
error=
error=
erxor=
error=
error=
error=
error=
error=
error=

erroxr=
error=
error=
error=
error=
error=
error=
error=
error=
erxor=
erxor=

Coil calculations:
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(2) One turn Total potential problem
The TOSCA code has two kinds of potential areas. One is Total
potential area and another one is Reduced potential one.
Total potential area must not include any current region.
So, in Total potential area } Hdl =0

If Total potential area surrounds a current, above Ampere's law
does not consist, -——- This is [one turn Total potential problem]
We must cut this one turn circuit with Reduced potential area,
to get a correct TOSCA solution.

The opposite field vectors on Fig. 5-1 and 5-2 were occurred
with above one turn Total potential problem.

I got collect solutions described in chapter 2 with a change
of potential region shown on Fig.S-3.

Current

U Total
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(3) Error Field on Boundary Face

Both faces on x-axis and y-axis are set as Normal magnetic
boundary condition for TOSCA calculation.
On the face of Normal boundary a tangential component
must be zero. But on the Normal boundary face in Reduced
potential region, the tangential component would be not-zero
on TOSCA calculation. (In case of Normal boundary in Total
potential region, the tangential component would be zero
strictly. )
Figures 5-4 and 5-5 shows the not-zero tangential components
on x-axis and y-axis with quarter coils (3 coils).
So, we should use full coils ( 12 coils) for TOSCA calculation as
shown Fig. 4-1.
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Polarized Proton Collisions at BNL
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alltoroid122 /IY120.0 jf/u- /7 /?{?a Vg» 0> /\-, 22 ;Zii;
| l T }“ Length UN'T?:m
Flux density ;gau
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Fig. #-1. ToscA model

Scalar potential : cer:
Vector potential : gau
Conductivity :Sc
Current density : A ¢

Power W
Force :N
Energy J

Electric field  :V a

PROBLEM D¢
toroid122r.toscab
TOSCA analysis (
Case No 1

86000 element:
92004 nodes
Shape funct. field:

Nodat coil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal
Theta
Phi
Psi

[eNeoRoNe]

.0
.0
.0
.0

V- OPER,

Post-processor ¢
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alltoroid with full coils

— UNITS
30000.0 Length :cm
T . . Fluxdensity
25000.0 — , R g)( on g QX)S P\SAaglnetic:ﬁeI? ':g::
\ EERT . calar potential : oer:
20000.0— - I Condamig = L
~ ., - _ Current density : A ci
o 15000.0 i T Foco N
) 10000.0 ! N Energy J
Or- ; BX on X Ay, . Electric field :Va
- { X1 ‘
5000.0[~ . / by oo 4 axis
o i ' e | o i PROBLEM D#
0.0 ™~ - alltoroid.toscab
N\ P TOSCA analysis (
-5000.0 — e Case No 1
\ / ggggg eleénents
nodeaes
-10000.0 [~ \ s Shape funct. fields
\ i Nodal coil fields
-15000.0 [~ . —_
\ 5)/ en X ays's —
-20000.0 |~ \\ T
-25000.0 [~ N - - LOCAL COOF
~ 2/,7 Xlocal =0.0
-30000.0 = | ' ' | ¢F— Zioedl 298
Local X coord 1.0 10.8 20.6 30.4 40.2 50.0 Theta =0.0
Local Y coord 0.0 0.0 0.0 0.0 0.0 0.0 pozo0
Local Z coord 0.0 0.0 0.0 0.0 0.0 0.0 | =0
— — Component: BY, Integral =-750513.0
_ _ Component: BX, Integral = 1.664562 F? 4-2 M? petic  fre jJs T
- ... Component: BX, Integral = 750521.0 ) . N~
p g 1 Ui ?a,pf WOPER/
e - Component: BY, Integral = -1.66465 Post-pracessor ¢
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Bmod on r=10cm and 35cm

40000.0

35000.0f=

30000.0~

25000.0~

20000.0~

15000.0

/ Al N ]
]
10000027 'Y 74P

5000.0 .
£=0
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2.
i arr ;af

b=30°
/

Local X coord 10.0 9.510566 8.09017

Local Y coord 0.0 3.09017 5.877852 8.090

Local Z coord 0.0 0.0 0.0 0.0
— — Component: BMOD, Integral = 424161.0

— -~ Component: BMOD, Integral = 1166425.0

5.877852
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3.09017
9.510566
0.0

-4.371E-07

10.0
0.0

UNITS
Length icm
Flux density  :gat
Magnetic field : oer
Scalar potential : oer
Vector potential : gat
Conductivity :Sc¢
Current density : Ac

Power ‘W
Force N
Energy d

Electric field :Va

PROBLEM D/
alltoroid.toscab
TOSCA analysis (
CaseNo 1

86000 element:
92004 nodes
Shape funct. field:

Nodal coil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0
Theta =0.0
Phi 0.0
Psi 0.0

V- OPER:

Post-pracessor ¢
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UNITS
Length rem
Flux density  : gau
Magnetic field : cer
Scalar potential : oer
Vector potential : gau
Conductivity :Sc
Current density : A ¢

Power W
Force N
Energy oJ

Electric field Ve

PROBLEM D/
alltoroid.toscab
TOSCA analysis (
Case No 1

86000 elements
92004 nodes
Shape funct. fields

Nodal coil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0
Theta =0.0
Phi =0.0
Psi =0.0

V- OPER.,

Post-processor «
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alltoroid with full coils
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UNITS

.|{Length rcm

Flux density  : gal
Magnetic field : oe
Scalar potential : cer
Vector potential : gal
Conductivity :Sc
Current density : A ¢
Power W
Force N
Energy J
Electric field :Vc

PROBLEM D
alltoroid.toscab
TOSCA analysis |
Case No 1

86000 element
92004 nodes
Shape funct. field

Nedal coil fields

LOCAL COOi
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0

V- OPER

Post-processor
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-Y36.0
Brmod on Z=0 cm |
UNITS
| Length :cm
Flux density  : gau
Magpnetic field : oer:
I Scalar potential : oer:
-Y34.0 Vector potential : gau
Conductivity :So
! Current density : A c
~ Power ‘W
. Force :N
Energy td
Electric field  : Vi
1_Y32.0

’

F;‘aq.él.—é_ Buwod vectsy i
Outer areq

PROBLEM D¢
alltoroid.toscab
TOSCA analysis (
CaseNo 1

86000 elements
92004 nodes
Shape funct. fields

Nodal colil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0
Theta =0.0
Phi =0.0
Psi =0.0

V- OPER:;

Post-processor 2
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toroid122rr with only three coils

UNITS

Length :cm

Flux density  :gau
Magnetic field : cer:
Scalar potential : oer:
Vector potential : gau
Conductivity :Sa
Current density : Aci

Power W
Force :N
Energy J

Electric field :Va

PROBLEM D/
toroid122ir.toscab
TOSCA analysis (
Case No 1

86000 elements
92004 nodes
Shape funct. fields

Nodal coil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0
Theta =0.0
Phi =0.0
Psi =0.0

_ 20

Fig. 5-4 Bmod vector with quarter coil's field

V- OPER:

Post-processor £
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toroid122rr with only three coils

30000.01~
25000.0 [~ . 2 ,
S L M Y- Aaxs
20000.0[~ | / e/ Y
l ' - -
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0.0 ‘ i o~ e —— : s 1
-5000.0 [~ NE on 2= 20 | ~
\ XIS s
-10000.0 [~ \\ 7
-15000.0 [~ \ - =
- - \ ~ \
20000.0 - By on A-axis
-25000.0 [~
-30000.0 : : ‘ : :
Local X coord 1.0 10.8 20.6 30.4 40.2 50.0
Local Y coord 0.0 0.0 0.0 0.0 0.0 0.0
Local Z coord 0.0 0.0 0.0 0.0 0.0 0.0

__ __ Component: BY, Integral = -602905.0

_ _ Component: BX, Integral =-5891.79  Fig 5-5
- ... Component: BX, Integral = 628609.0

.. Component: BY, Integral = 5891.26

Field components
with quarter coil's

on boundary face

field

UNITS
Length :cm
Flux density  :gau
Magnetic field : cer
Scalar potential : oer:
Vector potential : gau
Conductivity :Sci
Current density : A c

Power W
Force N
Energy :d
Electric field :Va
PROBLEM D/
toroid122rr.toscab
TOSCA analysis (
CaseNo 1

86000 elements
92004 nodes
Shape funct. fields

Nodal coil fields

LOCAL COOF
Xlocal =0.0
Ylocal =0.0
Zlocal =0.0
Theta =0.0
Phi =0.0
Psi =0.0
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