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468 ABSTRACTS

HOM-10. Solving the Standard Micromagnetic Problems using 
Unstructured Meshes with MagTense. E.B. Poulsen1, A.R. Insinga1 and 
R. Bjørk1 1. Technological University of Denmark, Copenhagen, Denmark

Micromagnetics requires calculation of the demagnetization field, anisot-
ropy field, applied field and exchange field. With the MagTense frame-
work, demagnetization is calculated analytically [1] and both anisotropy 
and applied field are local, leaving only the exchange field in the form of 
a second order partial derivative. Standard micromagnetics are limited to 
finite element methods with large, extraneous simulation volumes or finite 
difference methods with homogeneous simulation grids, as the demagneti-
zation is calculated using a fast Fourier transform [2], but with MagTense, 
no such limitation exists. However, here an optimal method of calculating 
second order partial derivatives on arbitrary meshes in micromagnetics must 
be determined, continuing previous research [3]. We present solutions to 
the mumag standard micromagnetic problems (mumag) 3[4] and 4[5] using 
a direct second order partial derivate technique on four different meshes: 
Prismal, tetrahedral, grained prismal and grained tetrahedral. The grained 
meshes consist of voronoi generated and Lloyd iterated grain regions with 
lower resolution towards the center and higher towards the edges, along 
with high resolution intergrain regions. In fig. 1a) is shown an example of 
a grained prismal mesh with 9 grains and an intergrain region in gray. Of 
course, in the mumag standard problems considered, all regions have the 
same material properties, but it is easy to envision scenarios where they do 
not. In fig. 1b) is shown the exchange crossover length of mumag 3 as a func-
tion of resolution for three different meshes compared to published solutions. 
All mesh types converge to the correct value, with the tetrahedral meshes 
converging faster. In fig. 2 is shown the error compared to published solu-
tions of mumag 4 as a function of resolution using regular-, 4 grained- and 
9 grained prismal meshes. The unstructured meshes converge to the correct 
result in a way similar to a regular grid. In both cases it is apparent that while 
for these problems grained meshes offer few advantages, they are nonethe-
less correctly implemented and open up a slew of possibilities for accurately 
simulating complex geometries with far fewer elements in irregular meshes.
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HOM-11. Effects of α1-phase Branch Shapes on Coercivity of Rare-
earth Free Alnico Permanent Magnet. H. Won1, Y. Hong1, M. Choi1, 
G. Mankey2, J. Lee3, T. Lee3 and T. Lim3 1. Department of Electrical 
and Computer Engineering, The University of Alabama, Tuscaloosa, AL, 
United States; 2. Department of Physics and Astronomy, The University 
of Alabama, Tuscaloosa, AL, United States; 3. Institute of Fundamental 
and Advanced Technology (IFAT), Hyundai Motor Company, Uiwang, The 
Republic of Korea

Recently, Ke proposed alnico permanent magnet (PM) model and simulated 
it using micromagnetic simulation (MS) for magnetic properties [1]. The 
model is based on the branch (B) on the bottom (U-shaped), the top and 
bottom (O-shaped), and the middle (H-shaped) on Z-axis. The U-shaped and 
O-shaped alnico structures showed low coercivity (Hci). However, there is 
still a lack of comprehensive studies on B dimensions such as B thickness 
(TB), width (WB), and length (LB) when α1-phase rods experience coherent 
rotation and curling [2-4]. Further, the B can be formed as a Y-shaped 
structure during the thermal magnetic process [3,4]. We have simulated 
the effects of TB, WB, and LB on Hci for five structures, including H-, U-, 
O-, YU-, and YH-structures, using LLG micromagnetic simulator v2.63b 
[5]. Fig. 1 shows the alnico structures used in the simulation. For all struc-
tures, α1-phase rod having a diameter (Dα1) of 10 nm was used, representing 
coherent rotation. The simulation setup used in [1] is adopted. Fig. 2 shows 
the Hci as a function of TB, LB, and WB for Dα1 of 10 nm. As the TB increases, 
the Hci first decreases and then remains constant for all the structures. For 
LB, a positive linear trend of Hci is found for H- and Y-shaped structures, 
while there is a negative linear trend for the other two structures. As the WB 
increases, nearly constant Hci appears for the H- and Y-shaped structures, but 
for the U- and O-shaped structures, the Hci shows a positive quadratic trend. 
As a simulation result, the following dimensions are suggested to realize a 
high Hci of Alnico PM: thin TB, long LB, and WB with 40 % of Dα1 for the 
H- and Y-shaped structures and thin TB, short LB, and WB with 40-60 % of 
Dα1 for the U- and O-shaped structures. Furthermore, among the five studied 
structures, the B on the middle location of either H- or YH-shaped is desired 
to realize a high Hci. We will further discuss the alnico PM rod experiencing 
curling. This work was supported in part by NSF-I/UCRC for EV-STS under 
Grant No. 1650564.
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