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Design of mangle-type magnetic field source with permanent magnets
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The effects of magnet size, separation, and rotation pattern on the strength and uniformity of a magnetic field and
the torque acting on magnets are discussed regarding the design of a mangle-type magnetic field source. A finite-
element simulation revealed that the maximum magnetic field increased as the diameter of the magnets increased or
magnet separation decreased. A uniform magnetic field is possible when the rotation pattern of the magnets adopts a
circular arrangement of magnetization for zero-field while a high torque acts on the magnets. The simulation results
were verified with a prototype, although the maximum field was smaller than the simulation.
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Fig. 1 Mangle-type magnetic field source with six magnets
arranged on corners of regular hexagon. Magnetization
directions shown in (a) and (b) are those generating high
magnetic field and zero field, respectively.
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Fig. 2 Magnetic flux density at center as functions of
magnet diameter J and magnet separation S.

Fig. 3 Three rotation patterns of magnets.
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Fig. 4 (a) Magnetic flux density at center. (b) Standard
deviation of flux density in 1 cm? region around center. (c)
Torque acting on magnets as function of M1 angle for D= 20
mm, S=30 mm, and pattern 1.

44 Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019



40

)
o A A \a} of /
T 3o N ~ o o o B oo
(%) \E&
Q- AD
c 30 | 2 / | o0
'% / o0 (w2 [~ o® o0
@
< O
8 251 002 - o
(0]
§ - 003~ (a) Pattern 1 /6-06 (b) Pattern 2 m
= pb—rp
- Maximum |B|Sm@1cm2 (T) - Maximum |B|sm@1cm2 (T) Maximum |B|std@1cm (T)
15 | | | | | |
L 2
® ®
Q- Q-
g 35 / /_
£ 0003 0004 7] 0003 0004 7]
(%)
<3 30 5 5 —
% 0. Q0 0‘00 0.001 /
g /
@ 25 / D= 0002 —
(0] — —
% /)0 (d) Pattern 1 /09 - (e) Pattern 2 ?/*/ (f) Pattern 3
=
20 =
— — . 2 / . 2
Minimum |B|Std@1cm (M) F Minimum |Blgg@1cm (T) |~ Minimum |Blgg@1cm  (T)
| | | | | |
15

15 20 25 15 20
Magnet diameter D (mm)

Magnet diameter D (mm)

25 15 20 25 30
Magnet diameter D (mm)

Fig. 5 (a)—(c) Maximum and (d)—(f) minimum standard deviation of magnetic flux density in 1 cm?2 region around center for

patterns 1-3.
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Fig. 6 Maximum torque acting on magnets for patterns 1-3.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019 45



<, HEEBREH OB DI E LN L3005,
4 F4—=DEYTq - RET 1 LE

1 — 7 — R REAG5 A HE 1 A A — L) BRI T,
WA FRBEEDPEITH WD Z L 2 BET 5. =RIERE
THEOZIFAT 2HAITIXER 10 mm FE, =R
DMETY TA F AL v NEOEE LA DA ITEE
30 mm BREOERALETHDH. REEHOBEER (K7)
BdlthE, d=28-DOBERHY, ThuaRRLE
LOMNFig. 7 THDH. Ny T 7 OmEKIT S< D TRARE
REECH L. Ko D, SO TIX d> 10 (X H BRI
TSN D. —EI7R R — VD RIE M RO 2 R
ICBWT, RBERBEIL 05 T REN —~2SOHRZERD
7EAD. 7 TAF ALy hOFEHEIEE LT, Fig. 2 @ Bnax
=05TDTA & Fig. 70 d=30mm D7 A > DA I
BE¥F D=20mm, S=25mm CTH5H. ZDL X, HaD
iz 2 — % 1) E9D L, BABEEOEERZEORK
XA 0.02T TH Y, MKMABE 05T LHKT S LM
4% Th D, —WNRERA LT 5 ER&EWDN, 77V
r—va Lo TIHESND THAD. Fio, Kb
713K 80 Nm/m ThbH. 2Ly Ialb—arni-
W, BATE FMOWPMESHIZV DO LT Lo TND A,
MADES% 10em EUETHE, SN'm L7ed. Ziut
IO T — RE—X CHERATRE/2ETH 5.

FERORRF T, BEHMAAD A= AT 57
OHECHET ORBE R -T2 %885 5. Fig. 8 1% Bnax
=05T, d=30mm ZHIEEL LT, D=25 mm, S=31
mm & LCRIELZEEOIETHD. 4 BEORAT v
JE—H RN THEAZREESE 5 (M1 & M6, M3 & M4
IERFRCERET 2720, FT2HTENETN 1 SDFE—
2 CRHEEARETH D). 1 DDE—ZTITHAK 3.4N'm D
MV MBI Z L2 D08, L 1/264 OERXT 2N
TAHZEICEVEHEARETH D, 2, 42mm D AT v

40

|_d (mm) =
~ 35}
£
E 50
%)
c 30 L
2 40
—_ /
4]
o
§ 25
5 /30
()]
©
= 2}

15

15 20 25 30

Magnet diameter D (mm)

Fig.7 Bore das functions of magnet diameter Dand magnet
separation S. Hatching is invalid region of S< D.

Hall Gauss
meter

Neodymium

] magnet
' USBeable

Fig. 8 Prototype of magnetic field source with bore d= 30
mm, magnet diameter )= 25 mm, and magnet separation
S5=31 mm.
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Fig. 9 Distribution of lateral component of magnetic flux
density. (a) and (b) are comparison between simulation and
experiment for the identical angles of magnets those generate
maximum flux density (pattern 1). (¢) and (d) are those for
zero field.
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Fig. 10 Simulation and experimental results of magnetic
flux density at center as function of M1 angle for modified
pattern 1.
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