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Bs & T Analyzer

Pulse Magnetization

high excitation low excitation fast transit of magnetic state

IEC 62044-3 IEC 62044-2 dB/dt
loss, u, driven by B mode

B cale [00P driven by H mode

DC superposition

BsT-Pulse
loss map (f, B, T, Hy() Koy differential and amplitude L
major, and biased minor loop energetic L, power loss
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* Discrepancy

* Solution with di/dt tester
* Circuit

 Examples

* Conclusion

Annex

1: measuring data for simulation
2: reliable to accuracte measurement (compensation)



Usually, Inductance of power choke is specified with no load
But, Inductance of power choke in use under load

Manufacturer provides material characteristics i.e.
permeability under low excitation; and indicates only TYPICAL
value @ load, mostly with fitting parameters

Choke maker needs to commit with LIMIT value to his design



Nonlinearity: Inductance & Permeability

@ Tangente

diff. Permeabilitét
vi=f(i,;....1,)

sek. éPermeabilitﬁt

component material
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Nonlinear effects are mathematically more difficult and often not intuitive
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Secant or Amplitude Inductance L= @/

Tangent or Differential Inductance L,= d@/di
Reversible Inductance™ L,

Energetic Inductance L, = 2 Int id@/i?
L, <L, <L, @ saturation curve

Inductance in Classic ,No-load” test with
sinusoidal voltage  L,=V, /ol .
sinusoidal current L =V, Jol .

L, <L, <L <L @ saturation curve

* Neglecting the losses, Ly=L,
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Amplitude permeability p,

Incremental permeability p,
Reversible permeability p,,,

Effective permeability p,

Initial permeability p,
Ferrite:@ B< 0,25 mT, f< 25 kHz
Alloy: W j,gex MA/cm

index
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Measuring way |

* Auto balance bridge with extern DC bias

Virtual ground
(Potential=0V)
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VA Simplified diagram for DC bias
- measurement

Generally the internal bias output current is not enough to bias the inductor at the
required current levels. To apply a high DC bias current to the DUT, an external

current bias unit or adapter can be used with specific instruments.
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Measuring way Il

* |V method @ 50/60 Hz
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Incremental Permeability can be quantified
as Amplitude, or Reversible Permeability by definition

Incremental Permeability can be measured by pulse with large
magnetization current amplitude in time range of us ~ ms,
without heating DUT

With calculation by input of magnetic effective geometric
parameter, the quasi magnetization curve can be provided,
not only typical but also limit value can be specified
throughout industry chain (material vendor, inductive
component maker and user)
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Switch performance can be realized with:

Signal Processing

*MOSFET
*|GBT
*Thyristor but why?
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Current Capability Study

Device Current Rating (Amps)

1000F Power
MOSFETs
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Typical cycle of measurement

"\ Voltage

Current

2. Full reversal current
enables dynamic demagnetization curve
and more information of bipolar excitation
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Mesurement Settings Measurement Data

Charging Voltage [V]: 1000
: 800
Timebase: E00

- /\ /\ N

0.000 0.005 0.010 0.015
Time [msec]

Trigger Channel: | CURRENT | =
Trigger Type: |FALLING | =

TriggerWalue [V or AJ: Q0 B

Voltage [V
[¥] BLng

volt. Range [V]: |+1000 |=
Current Range [A]: | = 1000 -

Data Evaluation

Woltage [W] Current [4]

Mumber of turns: 0 ITj

DC resistance jTextFieldl

Measurement Device

[ Connect | DISCONMNECTED

Inductance [mH]

400 500
Current [A]




Examplel: L secant vs. L diff.

Inductance [mH]

2.4
2.2
2.0
1.2
1.5
1.4
1.2
1.0
0.2
0.&
0.4
0.2
0.0

1 2 3 4 5
Current [A]

— L diff. — L sekant
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Example2: ., vs. LI, iron powder
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HA/m
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Example3: W, VS.

amorphous tape wound core

HA/m
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* di/dt tester with impulse (kA within ms) provides essential
information to specify the limit inductance value under load

* |tis complementary to conventional measurement technique
(auto balancing bridge biased with DC sources)

* Itis easy, quick to operate and inexpensive

* |t provides the common vocabulary for material maker and
user, and component maker and user, especially for low
permeable material and power choke

* Qutput can be read directly into material library for design
and model of inductive component and part

B=&T Frankfurt am Main
Hannah Arendt Str. 36 Bs & T Frankfurt am Main GmbH
60438 Frankfurt am Main
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Annex 1 measuring data for simulation

F GeckoMAGNETICS 1.5.1 beta test
File View Datalgase‘lnnls Window Help

&g mpart AML into DB & import_loss_table.mp4
= Open Database i

[ Sta B Import Loss Table @

Import Dynamic BH-Curve
| #Import Dy L |
- o Import Static BH-Curve | - BsT-Pulse 2017

. s [ ]

Video import loss map as an example FeSiAl powder material:

Step 1: rename particular material
Step 2: mark frequency, flux density, and bias, and import
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Annex 2 Reliable to Accurate measurement

Power loss

Table 1 — Some multiplying methods and related domains of excitation waveforms,
acquisition, processing

Measuring method Domain of Subclause of
annex C
useable excitation acquisition processing
waveform
V-A-W meter Sinusoidal Time Time c.1.1
Impedance analyser Sinusoidal Not applicable Not applicable c.1.2
Digitizing Arbitrary Time Time C.1.3
Vector spectrum Arbitrary Fraeguency Frequeancy c.1.4
Cross-power Arbitrary Time C.1.5
-
Uy
Mi
ES
©
U,

Part of IEC62044-3

Systematic investigation needed to standardize the
compensation procedure of the measuring system error,

assisted with reference(s) under test

Bs & T Frankfurt am Main GmbH
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Why Compensation?

Phase Measurement is challenging

\ |Z| [€Q2] Kompensation : AT =7.35ns arg{; } Kompensation : AT =
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Figure: Absolute value of impedanz and Phase measurement of air core
Resource: A. Stadler, Messtechnische Bestimmung und Simulation der
Kernverluste in weichmagnetischen Materialien, Dissertation, Friedrich-
Alexander-Universitat Erlangen, 2009, Erlangen _—
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No Error at Absolute
value of the impedance

But visible at the phase
measurement

It must be compensated
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How Compensation?

Several ways to compensate signal propagation error

Compensate with Capacitor
Advantages

- High impedance at low Frequencies
- High Phase angle near 90°
Disadvantages

- Very small Frequency range of one capacitor
- Much capacitors needed to compensate a wide frequency range (up to 1MHz)

Compensate with Inductance

Advantages

- High impedance at high frequencies

- High phase angle near 90° for high frequencies

- Very big frequency range

- Linear course of the absolute value of the impedance

Disadvantages
- Very small impedance for low frequencies _— ’

~ Fraunhofer £
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