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Analysis of Magnetic Properties of Anisotropic NdFeB Composites
According to Magnetic Field Alignment in Lithography-based Composite
Manufacturing (LCM)
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Demand for high-performance bonded magnets with complex geometries is growing in electric motors, sensors, and
energy devices. In lithography-based composite manufacturing (LCM), the magnetic properties of anisotropic NdFeB
composites depend strongly on particle alignment during curing. This study compares the magnetic characteristics
of 70 wt% NdFeB composites fabricated under magnetic-field-assisted and non-aligned conditions. An in situ
alignment module was integrated into the manufacturing platform to induce directional particle orientation. The
magnetic flux distribution was analyzed in ANSYS Maxwell, and particle alignment behavior was simulated by
discrete element method (DEM) modeling in ANSYS Rocky. Vibrating sample magnetometry confirmed that
magnetic-field-assisted processing enhances the anisotropic magnetic response, in agreement with the simulation

predictions.
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1. M2
NOMENCLATURE
7, = Magnetic Torque Acting on the i-th Particle A7|1mdee, 2REXA, A 9 ou ] ek A A o] =5t
B, = Local Magnetic Flux Density Vector at the Centroid off et 3 Gt Fgell ek 2 avt AlEH R Sotst

AL QAoH1-3]. 53] 4 e THIHAE =2 ARt e
Ag 4= 9= 25 A4 (Bonded Magnet)ol] et ¥-4o] =]l
. 7129 B8 4= ABold A 43 34 diF

of the i-th Particle

m; = Magnetic Dipole Moment Vector of the i-th Particle

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.026.00022&domain=pdf&date_stamp=2026-09-01

938 / September 2026

2JalLt, A A7 AlFHA ol Bk Wi 214
& A Afep] o= WA A7)
B B AGIHE 4, YA WY AEE A
53] RS 8 Ao wol AHHS] S 1]
AB2 A F g Aol S AR AERTHo-11]
| Z(Additive Manufacturing)= £%F A &0 7}
ol A0 Aok A4 A A Bopal FR
ok 28y 71€2] ME (Material Extrusion) ®418 2%
3 Adegn He Aofer Qs nFx o #gof gt
AZE e, dxpe] AE Aozt o k= EAI7E ATH1,12].
ESE PBF (Powder Bed Fusion) @ DED (Directed Energy
Deposition)e} 22 oA 7|8k F42] 49, 12 &5 4 A
&L oA NdFeBo] AHEsl, Abs}, X+ a-Fe 4 Sol &
Astel 47150l FAs) Aste 4 ArHI314lL 1 F ek
Ty 7)ut B4R A|Z(Lithography-based Composite
Manufacturing, LCMy= 3431 42X]o]] 244 EZ-S FARA

N
ofN
0

o:

¢

7 Selelg olgstel U ASAYIE B, A A
¥ A A g} A2 02 FU AT 44

Q* g2 *31?4 LHOHH oA
o AEE ¢ qlen, ol% FHeE Fdl &g vidrel 12
HoH10,11]. o3t A B HH I3
WA AA Az #Y Ve ok

A3 ATeNAE A Q7 mE A D Ak U A,
a3 AYA zp1EA HU7EE £ %L;g]g] L FAo
u} Qleh{1L,16]. Tefut djiRe] i 54 2
24 P bR EE A 2UA owd 242 e,
e FAE AN A At fi] W2 4 A% U
7|54 ARolE AAM LR Blal-2ARE 4= AljbAel. S5
3] AFR(T0 wie o)) 2AA= &= Ak F7iek At
b AT R Qs dAF Bl Aol EEtd o glenR,
A vFIY Sl tigt AR = E4 0] 8T {17].

olof & Aol 70 wit% ©]'"/d NdFeB 53 S22 &

gapo A4 olrh 273 wjelrt 271L v waked, x4
8 A% AE 47154 Fol2 B4 AR G
[AFAS B A& EELE HUlstal, DEM  (Discrete
Element Method) 7|5t YA} A|EF o] HS & 6‘}04 24 o]
PHMII7E 2ol S] A i WEHE HRA o= vlmste
G618, EE FU 2gow AH Anel H% 32
VSM (Vibrating Sample Magnetometer)S 53l S35}, A
W Ame} Agdold AY AE 4T nToRH B-

Ul A B4 2 AREAS FskA SHEH19].

B A elaads) Z] 133 NdFeB 29 Az 4
A AR BAE A SAHOR BY BAFORM, HE
Az 7N oy RE A4 A HASE 9% /1% 44
AR e AXSH B Bl gct.

(1) Dispensing

e/

Fig. 1 Developed lithography-based composite manufacturing
(LCM) system and schematic illustration of the layerwise
fabrication process
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Fig. 2 Finite element simulation results of magnetic flux density
distribution and field uniformity in the in-situ alignment
module

Moving motion : 50 mm/s

Gravity (z direction): -9.81 m/s?

Fig. 3 DEM—-SPH coupled simulation setup and applied boundary
conditions

Table 1 Experimental conditions

Parameter Value

Clear resin (Formlabs) 90 wt.%

Matrix material TPO-L (Sigma aldrich) 10 wt.%

Magnetic particle NdFeB (MQA-36-19, 80-150 pm)

Layer thickness 200 pm

UV exposure time 15 sec/layer
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Fig. 4 VSM hysteresis loops of NdFeB composites fabricated with
and without magnetic field alignment, showing high
reproducibility across specimen locations

Fig. 5 SEM cross-sectional images comparing particle orientation:
(a) Non-aligned and (b) Magnetically aligned NdFeB
composites
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Fig. 6 DEM simulation snapshots of particle alignment behavior
during the recoating process: (a) Without magnetic field and
(b) With magnetic field assistance (arrow indicates magnetic
field direction)
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Fig. 7 Quantitative comparison of alignment degree obtained from
experiments and DEM simulations under non-aligned and
aligned conditions
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