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1. Force in Wire M

Mechatronics

B, by I,

Current I, Current I, cF Current I,

1 I
F1 Fz X > < X
Current I,
BZ by 12 Bl by 11 Bl by 11
F (Force) When the direction of currents is When the direction of currents is
different, Repulsive force is generated. same, Attractive force is generated.

=~—" B (Magnetic Flux Density)

I (Current)

<Flemming’s left-hand rule>

https://en.wikipedia.org/wiki/Fleming%27s left-hand rule for motors 1



https://en.wikipedia.org/wiki/Fleming's_left-hand_rule_for_motors
https://en.wikipedia.org/wiki/Fleming's_left-hand_rule_for_motors
https://en.wikipedia.org/wiki/Fleming's_left-hand_rule_for_motors

2. Permanent Magnet Modeling PA
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Permanent Magnet Current with air core Equivalent Circuit
A (area) h — _T_ Fpm
~ ~ 7 =
5 8/ Rpm
B, Residual magnetic 4B
Magnetomotive Force of PM Fpy = h : N
9 PM H(;lﬂr flux density(1.2T) B,
Magnetic resistance of PM  Rpy = oA Coercive force
0Fr
Vacuum Permeability Ho =4 x10"7 H/m \
Relative Permeability of PM ur=1.05 ‘
Relative Permeability of Vacuum p, =1 " H
Height of magnet h
Area of magnet A <B-H Curve>



2. Permanent Magnet Modeling M
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-Flux and flux density calculation by FEM

1cm

a
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u,-=1.05

I 10cm

Tm Tm
PM model: Br =1.2T Model by Current Sheet(CS): Current Value(9.1*10* A=
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3. Repulsive Force by Permanent Magnet M
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PM |

e ¢
’MW ; - =
Wiz

Fixed PM

- Same with air
Relative Permeability of PM pu,. = 1.05
Relative Permeability of Vacuum (air) u, =1.0
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3. Repulsive Force by Permanent Magnet M
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-Magnetic field by FEM

o

1c 1cm

m e
10cm I % p-=1.05 =

1m 1cm 20cm
Tm 1cm @ <
[ J
[ J
10cm u,. =1.05
Tr . ®
: =9.1*10% A
Fixed PM(Br=1.2T) Current Value=9.1
[ 1 & [Whiml
4, 151
o e | [
2222222222222222222222 =
2, 3241E-882
1. zesk ooz ? [}
BBBBBBBB |
1. - 5. 3201E-03 ‘ °
S gl s
...............
,,,,,,,,,,,,,,
-2, B561E-0@Z z.1581E-n02
-3, 1541E; -aaz
l sssss 2emeee:
—— -3, B524E -BE2
-4.1561E-0a2

Magnetic field by PM Magnetic field by Current Sheet(CS):



3. Repulsive Force by Permanent Magnet NA
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-Repulsive force by FEM .
(max. Diff. (%) = 0.4%)
20 20
] 9,318 N by FEM 167 @
N .
=15 - - CS =154 + (CS 14 =)
é l o PM é 0 PM g 12
< 10 < 10 | 210
g g s —?? 8
é > * y é h Z 4
0 . ' . ' . , . , . , . 0 — —— T
200 250 300 350 400 450 500 0 50 100 150 200 250 300
y [mm | X [mm)]
Repulsive force along y Repulsive force along x Repulsive force along y & x
Ref.

-9,318 N by FEM calculation
-11,592 N by hand calculation (see page 12)

The hand calculation is bigger than FEM cal. because Fda and Fcb (in page 4 ) is not calculated.
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3. Repulsive Force by Permanent Magnet NA
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Attractive Force at d

sz by a

d

g Fixed PM

Repulsive Force at ¢



3. Repulsive Force by Permanent Magnet NA
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-Magnetic field by FEM

Im  20m 1m

Fixed PM

10ch

Current Value=9.1*104 A

4 [¥b/n] 4 [Wh/n]

. -0
BBBBBBBBBBB

22222222222

ST T TN U] e LI
SRR AN e ,(
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-2,5911E-892 -2,5911E-082
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Magnetic field by PM

Magnetic field by Current Sheet(CS)



3. Repulsive Force by Permanent Magnet NA
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-Repulsive force by FEM

max. Diff. (%) = 6.5% max. Diff. (%) = 6.5%
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max. Diff. (%) = 6.5%
6742N by FEM
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=

Repulsive force along x

Ref.
-6742N by FEM calculation
-6579 N by hand calculation (see page 13)

Repulsive force along y Repulsive force along x & y



4. Attractive Force by Permanent Magnet M
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PM Fdabyd

, IO - Fep by ¢
“ % % a@ :::::::::::::Z::%b
Fca by C

debyd

; ; %EEEEEEEEEEEEEEf§ p
® o 4l O I I [
Wiippppcckirrcic’’ls/zdA
Fixed PM

+ Same with air
Relative Permeability of PM pu,. = 1.05
Relative Permeability of Vacuum (air) u,=1.0
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4. Attractive Force by Permanent Magnet M
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Repulsive Force at d

AR
000
10,00,
DR

2

? Fixed PM

Fbcby b

Attractive Force at C
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5. Simple Calculation Example

MA
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When under two PMs with distance 0.3m, what is the total force F,,; which reacts to below PM?

L=1m

<
<«

B
»

Line A

Line C

r=0.3m

- Force inlineC by B and Fpy inlineC

B
- Magnetomotive Force of PM Fpy in line A = p ; h
oMr
- Magnetic Flux Density B in line C by line A
_ _ TPM . 1 Br . Br
B = poprH = potr 5= = Holly 2T ot h=-—"h

F=BiL=<

21r | \ oy

= 5,796 (N)
v Fyora1 = 4F = 23,184(N)
2 dimensional calculation = 2F =11,592 (N)

Ref. : 9,318 N by FEM calculation (see page 6 )

12

B.h\ ( Brh L (1.27)(0.1m) * (1.2T)(0.1m)
)( > ~ 2m(0.3m) * (4w x 10~7H/m)(1.05)

(1m)



5. Simple Calculation Example M
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Im  20em 1m

“
~y

Fixed PM

1 Och

- Magnetic Flux Density B in line ¢ by line b
Frm 1 B B,

- Force inlinec by B and Fpy inlinec

.. _ (Byh\ [ Byh _ (1.2T)(0.1m)*(1.2T)(0.1m) _
Fp.=Bil = (an) (uour) L= 21(0.2m)*(4x10~7H/m)(1.05) (1m)—8,684|\|

F.,=78N, F, =1447N F,,=1,447N
F . = 8684 + 789 — 1447 — 1447 = 6,579 N
Ref. : 6,742N by FEM calculation(see page 9)

Fac by d
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6. Permanent Magnet Circuit in Iron Core MA
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A .
PM1 / / Iiron core
// ?PMl RPMl
-
Airgap1
h A "~y
Airgap?2 y h ~ = :RAGZ = Rag1

By

Magnetomotive Force of PM Fp,, = h

Attractive Force ol

Magnetic Resistance of PM Rpy = —:
HolrA
Airgap Magnetic Resistance of PM R, = MLA
0

14



6. Permanent Magnet Circuit in Iron Core M
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oM / iron core
§ Fou1 Forr Frmz 0.6[T]
m I—H —
1.0[T] Rpm1 Rpm1
7y TV
| Airgap2  Airgap1 |, X = Racz Rac1i§ = F Rac Rac1
PM2 0.4[T] Rpm2 Rpm2
. — ””

15



6. Permanent Magnet Circuit in Iron Core M
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PM1 / iron core

7 Fpm1 Fpmr Frmz 0.6[T]
—H— oy o
RaG2

R
1.0[T PM1 R
“ | (Tl L Rac, PM1
Ai 2 Ai 1 ~N ~ —

. | Airgap irgap1 | =~ or :RAG1§ ~ or :RAG1§
. PM? 0.4[T] | Rpm2 Rpm2

\ G —H A

Fpm2
Currentl

When a current flows in coil, MMF by current is generated in Iron Core!

16



6. Permanent Magnet Circuit in Iron Core

- Point A Magnetic Density 1.2 [T]

Iron core
P

| |
| |
| |
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I I
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: > an HotlrA i
|
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Magnetic Density 0.24 [T]

PM1

Iron core

Airgap?2 Airgap
1

PM2

i
h
ll
T

ST

h
2

TPMl
|

MA

Value Added
Mechatronics

= Ryq2

TPMZ RPMZ

:RAﬁM 1

Racrs

Wv

* In this case, Fpy decreases by 0.5
times and Rpy, increases by 2.5
times in comparison to Point A

_ 105 _
B=127=024[T]

<B-H Curve>



6. Permanent Magnet Circuit in Iron Core M

- Point C : Magnetic Density 0.24[T]

:FPMl :RPMl
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Rior = Rpm1 + Rpmz + Rag1 + Rage

~ = Rac

TPMZ :RPMZ

PM1
" 1
v
El Airgap2 Airgap1 _ g
2 T T
PM2
h
2

Femr = O1Rpm1 Frmz = G2Rpu2

B, B, h

Four = ——h  Fop = ——=

PML = oty M gy 2
o M B2

ML pope A TTPME T o A

AG1 —

RAGZ —

_h+h/2+h/2+h/2_5h
! HotrA  HolrA  potrA  polrA 2 poprA
_Ttot Fpm1 — Fpmz
AG1 tot tot
Brh BT' h MB
- 2 1
A _ uousr ;;loﬂr —2B.4 B,
2 popir A
B, = bz |
- B = ¢;0t _ 5T —0.24 [T] 0.6
A cpp N 0.24
.uO.urA 0 > H
h/2
UolrA <B-H Curve>
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