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MAG2W is a Windows program for designing coils to produce 2D transverse magnetic
fields inside circular iron. The program displays the coil configuration graphically and
shows the location of the peak field and peak force in the coils. The normal and skew
multipoles are listed. It can optionally display the field components on the midplane,
force distribution inside the coils, a grid of the magnetic field inside the aperture,
magnetic lines of force, or the Fourier components around a reference circle. It also
contains a built-in optimizer.



1. Starting the program

The program can be started from a DOS (command) window using the command
C:> mag2w

or

C:> mag2w file.prm

where fileprm is the name of an existing parameter file.

The program can also be started by clicking on its Windows icon.



2. Opening screens

The figure shows the opening screen when the program is started without specifying a
pre-existing parameter file.

Enter magnet design data r5_<|

Cancel

Select data zource

[nput data manually
I1ze a reference design
Read a parameter file

v Use US mulipole units?

The user can start a problem in three different ways. The user may also choose whether
multipoles are labeled in the US or in the European manner (e.g. by is the normal dipole
multipole in US units).

The user can set a default directory for reading and writing files by clicking on the File
menu and selecting Set Default Directory. This will bring up the following dialog box.

Set Default Directony f'5_<|

Default directony [ muonsprofhmonm’,




3.1 Entering coil data manually

The first method is to enter the necessary coil data manually. This brings up the window

Input problem parameters P§|

Canicel
bound rad [cm] | 8000 [ iran fing’?

ref radivg [cm] | 4.000

Continuous Diipal

o C poie
distribution | Digcrete Quadrupole
symmetty g evhinole

Hone

The reference radius is used for calculating the mutipoles. The boundary radius defines
the outer edge of the field grids. It is also the inner radius of the iron if iron is present.
The check box on the right determines whether iron is present. The distribution of the
current in the coils can either be in continuous blocks or in discrete turns. The symmetry
parameter causes duplication of coils defined in the minimum azimuthal sector (e.g. 0-90°
for a dipole).



The second input window specifies the actual coil parameters.

Input coil properties

Mumber of blacks |1 .
Cancel
Continuous diztribution pararmeters
block i [cm] i2 [cm] ph1 [ded] ph2 [deg]  J[&/mm™2] | teon [om] tinz [cm] MNiurn
1 | £.000 | £.000 | 2.000 |2?.unn | 100,00 |n.1nnu |n.n5nu |1n.nnn
5 |n.nnu |D.EIDIZI |n.unn |n.nun | 0.00 |n.nnun |D.IIIEIIZIEI |D.EIDIZI
. |u.nuu |u.uuu |u.uuu |u.nuu | 0.00 |u.nuuu |D.IZIDIZIIZI |u.nuu
4 |n_nnn |n_nnu |n_unn |n_nun | 0.00 |n_unnu |D.DEIIZ|IZ| |n_nnu
e |n.nnu |n_nnu |D.DDD |n.nnu | 0.00 |n_unnu |D.DDDD |n_nnu
£ |n.nnu |n_nnu |u_nnn |n.nnu | 0.00 |n_unnu |D.DEIIZ|IZ| |n_nnu
7 |n.nnu |n.nnu |u.nnn |n.nnu | 0.00 |n.unnu |D.IIIEIIZIEI |n.nnu
g |n.nnu |n_nnu |u_nnn |n.nnu | 0.00 |n_unnu |D.DEIIZ|IZ| |n_nnu

The number of defined coil blocks is given at the top. The user can specify the properties
of up to 8 coils using this window. (Up to 16 coils can be defined offline by creating a
suitable parameter file.) The first five columns define the quantities needed for
continuous current distributions. These are the inner and outer radii, the starting and
ending azimuthal angles, and the current density for an annular coil. The last three
columns are used for discrete current distributions. These are the thickness of the
conductor, the thickness of the insulation, and the number of turns in a coil block.

In discrete mode if all the azimuthal parameters {phl, ph2, tcon, tins, Nturn} are given
the angle ph2 may be overwritten if the parameters are not self-consistent. A special tag
-999 may be used to specify that a given azimuthal quantity is to be calculated from the
other four. Another special tag -990 may be used for the start angle phlof a block to
specify that it equal the end angle ph2 of the previous block.



3.2 Using a reference design

The user may start a design with an existing reference design. This brings up the window

Select reference design

Chooze dezign from lizt

CEA-dipole
CB&-quad
HERA-dipole
RHIC-dipale
RHIC-quad
Tewation-dipole

n.b. multipoles may differ from reference values
becausze MAGZ2wW aszumes fully kepstoned cables

Note that the coil parameters and multipoles that this creates may only be approximate
because all of the necessary data is sometimes not readily available and because
MAG2W assumes that all coils and are fully keystoned and that all wedges are circular
sectors.

3.3 Reading a parameter file

This command is used to read in a previously saved parameter file.

Read parameters g|

Filenarne




4. Design screen

After the design has been entered the program displays the magnet design. The large area
on the left is used to display the coil geometry, while the multipole information is listed
on the right. The area on the lower right is used to display numerical values for some
parameters. The buttons on the right side are commands for additional operations.

B mag?w E]@
Eile Edit View State MWindow Help
M 7D Transverse Field Designer E@D(
Multipole coefficients [T/cm®] MAG2W 2
bl bl arny Wersion 1.02
0 0.7373E-08 -0.8239E-06
1 -0.6116E+00 -0.1010E-06 ENTER
3 0.5433E-08 0.3425E-08 PARAMETEES
3 0.1237E-D8 D0.1562E-08
4 0.1705E-09 0.2820E-09
5 0.6986E-05 -0.3287E-10
6 -0.6106E-11 -0.6428E-11
7 0.6204E-12 0.4030E-12
8 0.6008E-13 D0.6563E-13 S
9 -0.1043E-08 -0.2115E-14 SR
10 -0.1417E-14 -0.2487E-15
11 0.2358E-15 -0.1180E-15 AUXILIARY
12 -0.3522E-16 0.9740E-17 COMPUTATIONS
13 -0.2097E-12 0.3077E-17
14 0.7167E-18 -0.4699E-18
15 -0.3974E-19 -0.3415E-19
16 -0.9789E-20 0.5133E-20

Multipole fleld ratios at Rref

n  Bn &)

0 -0.2740E-06 0.3033E-06

1 0.1000E+01 0.1652E-06

2 -0.3945E-07 -0 2464E-07

3 -0.3016E-07 -0.4944E-07 I
4 -0.2375E-07 -0.3941E-07

5 -0.4281E-02 0.2015E-07 Bl= 000T

6 0.1647E-07 0.1733E-07 AD= 000T

7 -0.7361E-03 -0.5849E-08 NI= 172301 &

8 -0.3183E-08 -0 3420E-03 Buk= 4.68T

9 0.2396E-03 04850E-00 Fr— 0.5 kNtm
10 0.1432E-0% 0.2514E-09 o= 2.3 ENbn

11 -0.1049E-08 0.5249E-00
12 0.6891E-09 -0.1906E-09
13 0.1806E-04 -0.2649E-00
14 -0.2715E-09 0.1780E-00
15 0.6625E-10 0.5692E-10
16 0.7180E-10 -0.3769E-10

[Running "~ |

The graph on the left shows the coil geometry. Coils with positive current are shown in
red, while coils with negative current are shown in blue. The purple circle is the
boundary, which can indicate the edge of an iron region with infinite permeability. The
inner cyan circle is the reference radius. The yellow circle on the coil shows the peak
field location. The brown arrow shows the direction and location of the peak force in the
coils.

The five buttons on the upper right part of the screen are controlled by clicking with the
mouse. ENTER PARAMETERS brings back up the series of windows for the user to
change the coil parameters. OPTIMIZE brings up a series of windows for the user to start
an optimization study. SAVE PARAMETERS is used to save the parameters for a design
to a file. AUXILIARY COMPUTATIONS brings up additional calculations of the
midplane field, the magnetic field grid, the force distribution inside the coils, magnetic
lines of force, or Fourier components around the reference circle. EXTRACT DATA
creates external ascii files of selected information, such as the geometry or field data for a
design.



The lower right hand box displays:

BO
A0
NI
Bpk
Fr
Fphi

normal dipole multipole at the center of the circle

skew dipole multipole at the center of the circle

amp-turns in the minimum symmetry sector (0-90° for a dipole)
peak field in coils

radial component of peak force

azimuthal component of peak force

5. Save parameters

This command is used to save the parameters for the current design.

Save parameters

Filename
Title

3

Besides the name of the file the user can enter some descriptive information as the title.

The format of the parameter file is:

Title
Mode
Symm
Iron?
Rbnd
Rref
nblocks

(a80)

Q) 1: continuous 2:discrete

()] 1:dipole 2:quad 3:sextupole  4:none
(L)

(R)

(R)

(M

For i=1,nblocks

i r1(i)

r2() phl(i) ph2G) JG) tc@) ti@)  Nt)



6. Auxiliary Computations

The AUXILIARY COMPUTATIONS button brings up a new window where the user
may select additional calculations of the midplane field, the magnetic field grid, the force
distribution inside the coils, magnetic lines of force, or Fourier components on the
reference circle.

Auxiliary computations [$_<|

kidplane field
Forces on coils Cancel
Field grid

Lires of force
Fourier analysis

Choose computation

Iv Autozcale midplane field axes?

The user must select one of the items in the list and press OK. Here is an example of the
midplane field plot for a quadrupole.

I mogzer EEE

Fie Edit View State Window Help

MAG2W *
WVersion 1.01 =

1411
INPUT
PARAMETERS

OFTIMIZE

EEAD

By [T] PARAMETERS

Bz [T]
SAVE

PARAMETERS

AUZILIARY
COMPUTATIONS

EXTRACT DATA

-5.89 % [cm] 5.80

Fphi= -11khim
Byllgr= 000 T
Balgr= 0.00 T

-1.411

Running




If the Autoscale Midplane box is not checked, a new window appears for the user to enter

the axis limits.

Midplane field plot parameters

Cancel

wmin [cm]|4000 Bmin (1] J1-0H0
wnay [cm] 4.000 Brmax [T] 1.000

Here is an example of forces on the coil.

File Edit View State ‘Window Help

|

M Forces

HEN

MAG2W

Wersion 1.01

INPUT
PARAMETERS

QPTIMIZE

READ
FPARAMETERS

SAVE
PARAMETERS

AUXILIARY
COMPUTATIONS

EXTRACT DATA

B0= -529T
Al= 0.00T
MI= 355438 &
Bpk= 5.55T
Fr= 0.5 kht/m

Fphi= -3.7 kNt/m

Running

~
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Here is an example of a magnetic field grid plot.

File Edit VYiew State ‘Window Help

~
M Field map MAG2W
: Wersion 1.02

ENTER

PARAMETERS

OPTIMIZE

SAVE
PARAMETERS

ATZILIART

COMPUTATIONS

EXTRACT DATA

B0= 000T

Al 0ooT

NI= 172301. &
Bpk= 4.468T

B 0.5 khtAm
Fphi= -2.8 khitim
Byflgr= 0.00T
Bxllgr= 0.00T

TR L
Lad Tt

Running
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Here is an example of a lines-of-force plot.

dit  Wiew State ‘Window Help

nes of force

WVersion 1.01

INPUT
PARAMETERS

OFTIMIZE

READ
PARAMETERS

SAVE
PARAMETERS

AUZILIARY
COMPUTATIONS

EZTEACT DATA

BO= 000T

A0= 0.00T

MI= 915322 &
Bpk= 1360 T
Fr= 3.6 kMtim
Fphi= -54.0 kNt/m
Byllgr= 0.00T
Ballgr= 0.00T

Runving [
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The Fourier analysis on the reference circle produces a table of Fourier coeffcients.

- (3] ]
_— o
B Fourior fnalysts Mulhpo%f(;)oefﬁmmtsa([rgcm"n] I\gﬁé&%‘g

bin)

-0.5286E+01 -0.2247E-06
0.1975E-06 0 2660E-07 INPUT
0.6451E-03 -0.4924E-00 PARAMETERS
0.2206E-08 -0.1751E-09

0.2992E-05 0.9557E-11
0.1853E-10 0.1466E-11
-0.4891E-07 0.7326E-14
0 1869E-12 -0 5566E-13
-0.1387E-08 0.2730E-14 S
0.4384E-14 0.1796E-14 REELNETER
10 -0.2643E-10 -0.3485E-15
11 -0.6255E-16 -0.2251E-17 SAVE

12 03382E-11 0.1079E-16 PARAMETERS
13 0.3503E-1% -0.1845E-17
14 01197E-12 0.5158E-10
15 -0.5314E-20 0.3472E-19
16 -0.4439E-14 -0.6911E-20

OPTIMIZE

W o e B LIk — O B

ATUXILIARY
COMPUTATIONS

EXTRACT DATAL

Multipole ratios at Rref

n B A1)

0 01000E+01 0.4251E-07

1 -0.1644E-06 -0.2214E-07

2 -0.2363E-02 0.1804E-08

3 -0.3555E-07 0.2821E-08

4 -0.2123E-03 -0.6777E-08

5 -0.5781E-08 -D.4574E-09 Bl= -520T

& 0.6715E-04 -0.1006E-10 AD= 0D00T
7 -0.1129E-08 0.3362E-09 NI= 355438 4
8 [L3687E-04 -0.7254E-10 Buk= 5.55T
9 -0.5127E-09 -0.2101E-09 Fr— 0.5 kNtim

10 0.1363E-04 0.1793F-09 e
1l 01416E-09 0 5096E-11 gplnu 3 3;21;1\.11.”m
12 -0.3369E-04 -0.1075E-09 bptiass

13 -0.1577E-10 0.8039E-10 Bzlgr= 0.00T
14 -0.2303E-04 -0.9947F-11
15 0.4500E-11 -0.2046E-10
16 0.1658E-04 0,2581E-10

[Running ~ |

The a, coefficients are the cosine-like terms, while the b, coefficients are the sine-like
terms.
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7. Extract Data

The EXTRACT DATA button can be used write selected information to an external file.
This will bring up the following window.

Extract data

Cancel |

Coil geometmy e
M ultipoles

B.F on coilz

Choose data | figlane field

B grid

Faurier components

Lines af force W

File name |

Title |

The user can specify the file name where the data is written and can specify up to 80
characters of “title” information at the head of the file. All available information can be
written to a single file by choosing All Data.
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8. Optimization

The first optimizer window controls the definition of the merit function and some general
properties of the optimizer.

Optimizer settings E|
[~ LOGfle?  File name |
b aw iterations | a0
b erit function
I:_n:neffin::in_ant
MHumber terms 1 tethod Field ratio
M armal Skew
kerm i wvalle weight value weight
: | 2 | 0.00 |1n.nn | 0.00 | 1.00
2 | 0 | 0.00 | 0.00 | 0.00 | 0.00
3 | 0 | 0.00 | 0.00 | 0.00 | 0.00
. | 0 | 0.00 | 0.00 | 0.00 | 0.00

The progress of the optimization can be saved in an ascii log file. The maximum number
of iterations roughly controls how long the optimizer will continue. The merit function is
determined by the required values of up to four multipole orders n. The Method
determines whether the value refers to multipole coefficients or to field ratios. The
weights determine the relative influence of different orders in computing the merit
function. At least one weight must be non-zero.

After this window is closed the coil Input parameters windows appear again.
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In the second Input window

Input coil properties f'5__<|

Mumber of blacks |2
Cancel
Continuous diztribution pararmeters
block r1 [cm] 12 [cm] phl [deq] ph2 [deg]  J [A/mm 2] tean [om] iz [m] HIe
1 | £.000 | £.000 | 0.000 |-991 | 100,00 | 0.100 | 0.050 |1n.nnn
5 | £.5000 | 7.000 | 0.000 | 20,000 |-992 | 0.000 | 0.000 | 0.000
. |u.nuu |u.uuu |u.uuu |u.nuu | 0.00 |u.uuu |D.IZIDIZI |u.nuu
4 |n_nnn |n_nnu |n_unn |n_nun | 0.00 |n.nnu |n_nun |n_nnu
e |n.nnu |n_nnu |D.DDD |n.nnu | 0.00 |n.nnu |n_nun |n_nnu
£ |n.nnu |n_nnu |u_nnn |n.nnu | 0.00 |n.nnu |n_nun |n_nnu
7 |n.nnu |n.nnu |u.nnn |n.nnu | 0.00 |n.nnu |n.nun |n.nnu
g |n.nnu |n_nnu |u_nnn |n.nnu | 0.00 |n.nnu |n_nun |n_nnu
Use tags -391 to -998 to specify optimizer variables

the user enters the tags from -991 to -998 to indicate which parameters to vary in the
optimization. The example shows two variables: the end angle of the first block and the
current density of the second block.
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At this point a second optimizer window appears where the user can specify an initial
guess and lower and upper limits for each of the optimizer variables.

Optimzer variables [E|
botivevariables (4
Variable Guess Lavier limit Upper fimit

1 pha.1 |4n.nun |3n.nn |?n.nu
2 cd 2 | 50.000 | 10.00 10000
3 | 0.000 | 0.00 000
4 T ILE o0
5 | 0.000 | 0.00 000
E | 0.000 0o 000
7 | 0.000 | 0.00 000
8 | ooo L 000

One must enter an initial guess and lower and upper limits for each of the active
variables.
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Once the optimization begins the progress is displayed in another window.

M Optimizer Status
Merit fun 1

-UaadPE-la U 4o iE-14
& 0.9599E-02 0.3776E-08
9 0.3142E-14 -0.3980E-08
10 0.4372E-02 0.2102E-08
11 0.1518E-08 0.2176E-14
12 -0.2079E-02 -0.1182E-03
13 -0.1389E-14 0.1357E-08
14 -0.1022E-02 -0.6703E-09
15 -0.4834E-00 -0.9336E-15
16 0.5161E-03 0.3835E-09

AEN

| MAG2W
@@ Version 1.01

INPUT
PARAMETERS

OPTIMIZE

READ
PARAMETERS

SAVE
FARAMETERS

ATUXILIARY
COMPUTATIONS

EXTRACT DATAL

B0= -057T
Al= 0.00T
NI= 43197 A
Bpk= 076 T
Fr= 0.0 kMNt/m

Fphi= -0.1 kNtim

~

[Running ~ [Input pending in Optimizer Status

At completion the user must type Y to replace the current solution with the optimizer

results, or N to ignore it.
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