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Magnetics

» Faraday’s and Amper’s laws
* Permeability
* Inductor

* Reluctance model

» Air gap

 Current crowding

* Inductor design
« Skin effect, proximity effect
* Losses
» Transformer

* |deal transformer

* Real transformer

« Transformer design
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Important relationships

Faraday
v(t) B(t).4(t)

Electrical Core

Ampere
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Magnetic quantities
Analogies to electrical quantities
Magnetic field H Electric field E
4 l
MMF Fy=H-t Voltage V=E.¢
B,¢ J,1
oy
gﬁ’ Mor M. Peretz, Switch-Mode Power Supplies [3-4]
Important relationships
B fe
J nns
]
>
B Faraday’s law
do dB _AB
/ V_nd_t_nAed_t’ H_AH
I H Amper’s law
fHde=n.1  n-2




gﬁ’ Mor M. Peretz, Switch-Mode Power Supplies [3-5]

Units
® - magnetic flux Weber [ Wb ] V - voltage [V ]
B - flux density Vn\:f ~Tesla [T]
Gauss [ G ] 1T =10,000 G
H - magnetic field [ A/m ]

U - magnetic permeability [ H/m ]
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Permeability

_AB °

N 8

Ko
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Free space permeability Tvbical B
(Vacuum) ypl.ca sat
7 Ferrite:0.2-05T
ty =47-10
Iron powder: 0.5-1T
Typical magnetic material permeability

u, =10°-10
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What is inductance ?

Y Y
vend y_ 9
dt dt

font
VY
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Reluctance model
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¢1. ¢
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¢3 =¢1+¢2
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Inductance with gap

nl=¢(R,+R,)

d¢ n® di
v=n—= —
dt R, +R, at
L
gﬁ’ Mor M. Peretz, Switch-Mode Power Supplies [3-10]
Current crowding
Rm
R, =—
H Ay
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Inductor design

Air gap
B
/fe
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Inductor design
Saturation - Ae

@y 4 e

V=n—ro
dt dt =
Pk d/
nA[ " ( )dt— L[ (Ejdt 5
L, =nAB,,, ) //

/1
Lipk

- Bmax Ae
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Inductor design
Aw
— n Wa
k
/
Wa — r:;s
AW — nl rms
Jk
gﬁ’ Mor M. Peretz, Switch-Mode Power Supplies [3-14]

Inductor design
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Inductor design
summary
+ Calculate Ap
» Choose core
+ Calculate n
+ Calculate Ig or adjust gap
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Inductor selection
Off-shelf product
%
VISHAY IHLP-1616BZ-11
%ﬁ Vishay Dale

Low Profile,
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Inductor selection
Off-shelf product
STANDARD ELECTRICAL SPECIFICATIONS
T HEAT
INDUCTANCE | DCR | DCR | RATING |SATURATION
+20% AT 100kHz, | TYP. | MAX. | CURRENT | CURRENT
0.25V,0A 25°C | 25°C | DCTYP. DC TYP.
(HH) mo) | (mo) | (AH® (A) @
0.10 4.1 | 45 12.0 12.0
0.22 65 | 7.0 2.0 9.0
0.47 145 | 16 7.0 7.0
1.0 24 | 27 45 5.0
2.2 61 | 68 3.25 3.25
47 95 | 105 17 1.75
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Skin effect

« 5

High Frequency

d — skin depth
AC > 1 & (mm _r2
DG (mm) JE

finHz
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Skin Effect Solutions

Litz wire

Foil/tape
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Proximity effect

P!

gl

Current crowding due to magnetic fields
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Losses
function of AB
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Losses

function of temperature
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Losses
material selection
ﬂoo cBW47S
Py = 500 mW/cn 100 °C 3F5|> 4F1
fx Brax
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Fig.19 Performance factor (f x Bpay) at
PV = 500 mW/cm? as a function of frequency for power ferrite materials.
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|Ideal transformer

11 12
V1T V2
n1:n2
¢R, =n I —n, 1,
R,—0
n l=n,l,
n1|1 ()ﬁ n2|2
Vi=n, % V,=n, %
dt dt
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Transformer characteristics

 Current flow at the same time at primary and
secondary

« Each winding represents inductance —
Average voltage = 0

» AC only on any winding
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Magnetizing inductance

1 Lkg 12 Rm
—> —>
Lm g V1T§ gTvz
nyl nzlz
n1:n2 t ﬁ ()
¢R,=n, I, —n,l,
\/1 — n1%
at
2
‘/1 — n_1 i1 + 12_
R, dt 1

[3-26]
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Leakage inductance

e uncoupled magnetic flux

Lig1 _’I:ﬂ _ Lig2
| (= 1] 2
——— n, ! I
V1 ¢Ikg18« D/d:'”(gZVz I—m | I
n , o l_ = °
N ideal

Lig: M (mutual coupling) and k (coupling coefficient)

M=kJL L,
Ly, =L, (1-K)

9
le
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- 2
2 :L/kg1 -n
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Magnetizing and leakage inductances

V1 .
Vo J ng V1T§‘ gTvz
n1:n2
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Im :
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Transformer design
Aw

/\W — n1Wa1 + n2Wa2

k

/

Wa — r:;s
Aw — n1l1rms + n2/2rms

Jk
Aw — 2n1 I1rms

Jk
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Transformer design
Saturation - Ae
1
- | B B=——/|Vdt
z C nAe
‘Bmaer = ‘Bmax7
VmTon
n=
ZBmax Ae
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Transformer design
Ap
(V,-T, )21
A — A — 1 on 1rms
= A= T0B Tk
RSN
P~ AB-Jk
_ {V1 'Don}z'ILms
P f-AB-Jk
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Transformer design
summary

+ Calculate Ap
» Choose core
« Calculate n1
» Calculate n2
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Magnetic design
Example
+ Boost converter: P=100W, Vin=10V, Vo=50V, AIL=0.11 ,,
+ Calculate L
+ Calculate Ap
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