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Permeability terms | MSrPM

» Absolute permeability u:
permeability in free space, magnetic constant

2 N
Uo = 41 10 7?

» Relative permeability . :

is the characterisation of magnetic materials for all purposes
—_r_1.B
Hr Ko Mo H
» Initial permeability y; :
is the slope of the initial magnetization curve at the origin when

the magnetic field strength H and the magnetic flux density B 4

is very small. Himax | P i N
K

> Maximum permeability ., :
is the maximum permeability along the initial magnetisation curve

Ty

» Incremental permeability u, :
is the relative permeability for AC magnetisation with superimposed DC
magnetisation $ oy

Uy = 1 N (AB)
A Ho AH Hpc ’

-5

» Reversible permeability y,,, : .
is the limiting value of the incremental permeability for very low AC fields L_ H
BV

= lim
Urev AHS0 Ua
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Permeabilty terms Il MSrPM

»  Amplitude permeability y, : By /’
is the relative permeability under alternating external fields H ?
1 Bmax ”;/
‘Ll = — %k /
. Ho Hmax

» Effective permeability p,:
is the total permeability of an air gapped magnetic circuit .

_ Ui
Ue =

» Pulse permeability p,:
for pulse (or arbitrary) waveforms the pulse permeability is the ratio

of flux density AB swing to the corresponding field strength AH.
1 AB

= — % —
Hp ho AH

m"

» Complex permeability u:
i ——— complete B(H)- loop

the ratio of the flux density and the magnetic field strength is a complex StartHdc<0
number due to the phase shift between B and H in an alternating field. T . o

Starting from remanence point

p=p —ju"
Frequently used: loss angle tand
/
tand = % ==
m oL
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Waveforms MSrPM

Square wave Rectangular Sinusoidal

Vo4 V a4 V A

VH VH VH /\

B 4

v,=Vy o<t<i .
. Z v, =V, sinwt
v, = _VL E <t< T
21
Kf—4 Kf:ﬁ=4’44
B, =iYms _1 Vi B —¥PA=D)Vims _ DV B, =Y2Vims _ _Vu
pk 4 fnd, 4 fnA, pk — 2 fnde  2nA.f Pk~ o fnd, 2mfnA,
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What is the effective leakage inductance?

Effective leakage inductance of the transformer

L =5..10nH/cm

L

Meter '
()

Lysec = 10nH

270
Lsec n
Lgec — LL1 + LLZ + LL3 +LL4 + LA1 (1) Typical values used on PCBs
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Parasitic Intra-Winding Capacitance

A
Vxemr M'\'_

Frequency measurement

with intra winding capacitance only:
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f;c=—
AL

1

h= 21 JL(C, + C1)

G

()

Frequency measurement

Cx

with reverence capacitance C, added:

C, ... Intra winding capacitance
f....frequency with winding capacitance

C, ... reference capacitance

f,...frequency with winding capacitance and
added reverence capacitance

10251015V

< | D8 Curser? Cumert)

o[ 1497536005 Ven[ 3.8373089mV.

Frea[ 667763160z Sope:| 256241

Ttms
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Capacitor DC-Impedance MSrPM

Serial Equivalent Circuit Model
Rg

Current step respose

Leons
i Iconst
Ciges l Veideal I
Rs Vs _
Ve l 1 »
Vi L
Ls lvu S T Z >
v VCideal t
Comon wave V. indicates
-/ R sum of all three components
t
DC-Impedance S R
A \ Ve
Loons I _ Vour WA 1
const Rg ¢ VZ
- V. 4
Vt [ = du / " Vis=L &
L= dt R LS Sq
dt t
I t,—t
Ve a = con;t ( ZV 1) ESRI .
'Yy ( 27 1) dt,,,transition time generator tt o
A Vis | b
4 Vs
/ I\ Ry =5 —
> 2x*] : . q
\I/ | t| Ve const DC-Impedance is more directly related to device
behavior in many pulse power applications
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Scope measurement |: Offset and Phase error

Real Inductor

20W
,losses”

10W losses

== Current
== \/Oltage
mees POwer

=mm= Power Mean
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Ideal inductor

Negative phase error = 10%

—voltage  —Current

oy 1 [t 2 3 ) 15

DC-offset error

——Power = = sPower Mean

c8sgabE

gasky
& =

Zero losses

-30W
,losses”
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——Voltage  ==Current

=——Voltage =~ ==Current

5 1 s 1 s

—Power = = *Power Mean

35

Zero losses

—Power =+ «Pawer Mean

Siesssonssn
o 5 X

18 2 a.s ) i

Positive phase error = 20%
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Scope measurement ll: Voltage, Current and Time

Ideal With phase error I With offset error
wVoltage & Current ‘ d\fﬂluge. —O.I.rent | . —‘anlage‘ —m:raw
5V/100mA (1kHz) | B T -
versus ? . i ] ‘
500V/1A (100kHz) ! : ]

Future?
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How to calculate L at work

U—Ldi
-~ Tdt
di:IPP
dt—T
2

simple scope functions

to inductance
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VL A

T T t
2

IL A
/di=lpp
t

\4
)
d|Vsec V T V 1 Udt
L[H]= [ ]= rms 1 _ ‘rms _— _

Ipp[A] Ipp 2 Ipp 2f di

10.03.2021

10



RLI - Real Life Inductance and Powerloss measurement

Inductance measurement under real life conditions

Scope is used to control the TTG510 Generator via LAN and
analyze the measurement data at once

MSPM App calculates and display the inductance on the
screen
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Addon: Saturation detection
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Transformer-Volage
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