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Collection of Magnetics Equations

Notations
V= Voltage [Volts]
I = Current [Amp]
¢= Magnetic flux [Weber]
Weber

m2

B= Flux density [Tesla, ; ; 10,000 Gauss]

L= Inductance [Henry]
Ae = Core effective area [m]

le= Core effective length

Amperes

p = Magnetic permeability [ ]

ur =Relative permeability

10= Permeability constant [1.26 10-6 He%]

ne= Effective permeability constant [1.26 10-6 He%]

Lg = Effective air gap length [m]
lc = Core length (less gap) [m]
le= Effective core length [m]

H = Magnetic field [w]
. . Amperes
H¢= Magnetic field in core [ —— ]
m
Amperes

Hg= Magnetic field in gap [ ]

Aw = winding window area [m2]
Amperes}

m2

Irms = effective current [Amperes]
Ipk= Peak current [ Amperes]

n = Number of turns

Ts = Switching period [Seconds]

J = Current density {

1
fs= Switching frequency [m]

Pp = Primary power [Watts]
Ps= Secondary power [Watts]

K = Packing coefficient
S = Skin depth [mm]
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1. Inductor
1.1 Basic Equations
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V=L at (1)
d

V=n£ 2) ; ¢=BA¢
=L o Ac [dB=L [di==>n A¢ Bmax = L Ipk
== —;d¢——nej—j——nemax—p

L Ipk L Ipk
1 ="A Bmax @) = Ae =7 Bmax 4)
Aw J k
nlrms=JAwK (5 ==> n="7 (6)
B _ L Ipk Irms
Ae AW = AD =T Bmax )
unl unlpk Bmax]l,
B=pH=-"—(®); Bmax=-—"—=""> n= ——— 9
ui =150 » ok 9)
__LIpk B L Ipk
Ae=T1Bmax Ae= " Bmax le (10)
max
u Ipk
I I.]O]:2 Y
Age le= Volume (core) = 2 (11)
Bmax




2

BEN-GURION UNIVERSITY OF THE NEGEYV
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
Power Electronics Laboratory
P.O.B. 653, Beer-Sheva 84105, ISRAEL

Professor Shmuel (Sam) Ben-Yaakov Tel.: +(972) (8) 646-1561
Elect. Mail: sby@ee.bgu.ac.il Web Site: http://www.ee.bgu.ac.il/~pel FAX: +(972) (8) 647-2949
1.2 Air Gapped Inductor
lg Ag
Hc
Ae
nl
B= ke (12)
I=Hg lg+Hc gy Bey 13
nil= + = — + —
glg clc lg g e C (13)
| 1 I
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— Ue le lg le = He™ lg Ic (15)
=, = =, =
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ool e
Hg He m < Hg e~ lgTlc, lec;Hg=HO (16)
le le Ic
= -0 == E ==> E 17
He = Ug lg HO g Hr, g (17)
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2. Square -Wave Transformer

dB v
V=nAeg == det=nAeAB==>2—fS =n Ae AB (18)
AwJK
nIms=AwJk —> n="7--> (19)
\ AwJ K
2fs ~  Irms AB (20)
V Irms
Ae AW = AP=70 "I K AB
P, +P T.(P, + P
Ap:_u _ s(Pp + ) 21)
2fJK AB 2f JKAB

3. Skin Depth

g3

S . N (22)




