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Scope

FEM model construction and magnetic field calculation of
MQXF (Inner Triplet quadrupole magnet in HL-LHC)
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FEM model construction of a magnet in STEAM.
Overview

FEM model construction in Java code
* Project folder

: . r r
« Use of GitLab as software repository structure

. Component
« Use of IntelliJ IDEA as development environment RS
. Constants
. GlobalDefinitions
p GUI
. META-INF

Compilation into a COMSOL model - Mol

. Study

j . User
D . Liilities
COMSOLMedelMain.java

|| current.td

COMSOL_model, i
mph ModelWrapper.java

SteamGui.java




Example of coil construction in STEAM

Relevant scripts involved

COMSOLModelMain.java
ModelWrapper.java
Input.java

Cable.java

STEAMconfig.json for the COMSOL model path (and other model options)

Steps
» Definition of geometrical objects
Points
Lines/Arcs
Areas

» Definition of windings
» Definition of coils
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Geometry documentation for FEM model
onstruction of a magnet in STEAM.

3.1

3.2,

Winding[I[] wi

gs = { {wll, wi2 }, { w21, w22} };

¢1 = Coil.ofWindings( windings, 2 );

The erder of windings w11, w12, w21, w22 in the array windings must reflect their connection order.

3. Java methods for geometry

In order to simplify the creation of the coil geometry, the user can apply the Java methods listed below. All
the methods can be accessed via object.methodName. The first methods listed below can be applied to all
geometrical objects, while the second ones only to the Winding object.

Java methods for all geometrical objects

newObject = object transfate(dx, dy) Translation_ dx and dy are the x and y camponents of the
translation vector. The translation is applied to all geometrical ohjects contained in object.

newObject = abject.mirrorX{): Mirror with respect to x axis. Reverses the sign of the y coordinates of all
geometrical objects contained in object.

newObject = abject.mirror¥(): Mirror with respect to y axis. Reverses the sign of the x coordinates of all
geometrical objects contained in object.

newObject = object rotate(angle): Rotation about the origin. angle is a double number expressing the
rotation angle in radians. A rotation about the origin and of an angle equal to angle is applied to all
geometrical objects contained in object.

newQbject = object.rotate{angle, kpCenter): Generic rotation. angle is a double number expressing the
rotation angle in radians and kpCenter is the center of rotation. A rotation about kpCenter and of an
angle equal to angle is applied to all geometrical objects contained in object.

Java methods for the Winding object
object reverseWindingDirection(). Reverses the orientation of all lines of al
effect is that the winding direction is reversed.

cks of a winding. The

object reverseWindingCurrentf). Swaps the position of the two blocks in a winding. The effect is that
the winding current is reversed.

eometrical objects related to the magnet

magnet coil. A positive current [entering the
it (leaving the halfturns) is associated to the

lgn, n_turns_user),
cks. Alternatively, block can be a (1x 1)
e winding current.
Ing.
the model.

d hi3 of the two Area stored in blecks.

kp2 hi1 kp1
hi4
kp3 hi3 kpd

Fig_2: Conventions for block coil

, 10 physical turns and 5 model turns
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ples, cable);
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s extracted only from kpl and kp2 is used to
ferent radius, kp2 will not be the second endpoint of

jt arc connecting kp1 and kp2 will be drawn (namely
& used, together with radius 1, to calculate the arc

rc connecting kpl, kp2 and kp3 will be drawn

points are used to calculate the arc center.

Axes(kpl, kpc, dTheta, a, b), where kp1 is the first
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Int kp1, centred in the origin, consisting in a semi-

les (kp1, Point.ofCartesian(0,0), Math.Pl, 2, 1);

shortest elliptic-arc connecting kpl and kp2 will be
[These two endpoints are used, together with a and

L {kp, r). To create @ new Circumference named cf,

ce.ofCenterRadius(kpc, 1e-3);

nference ofDiameterEndPoints(kpl,kp2) where kpl
jence.

creates Polygon and Area and they belong to the

ines is a (1 x n) Line array containing the edges of
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hew Line[]{in1, In2, In3, Ind} );

Lines. This object is created via

x n) HyperLine array containing the edges of the
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HyperLineI{hlL, hi2, hi3, hi4});

- I
r

& TEAM
tion

eometrical objects:

e sector), ElfipticArc (ellipse sector) and Circumference

.y) or Paint_ofPolar{r,phi). All coordinates have to be
in radians.
s x=1 [mm)], y=2 [mm]:

t.ofCartesian(le-3, 2e-3);

E user creates Line, Arc, EllipticArc and Circumference and

p2); The points order identifies the direction of the line
b point kp2:

ofEndPaintsikpl, kp2);
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MQXF FEM model construction

Elements
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Magnetic field calculation for MQXF In
COMSOL

Steps

Time=1.65E5 s Surface: Magnetic flux density norm (T) Contour: Magnetic vector potential, z component (Wb/m) o
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« Add transient study
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e Add mesh

« Set ramp up current
« Set solver parameters I
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