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THE COMPANY

CUUMSCHMELZE

Der Fortschritt beginnt beim Werkstoff

Advanced Materials - The Key to Progress
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VACUUMSCHMELZE GmbH & CO. KG is one of
world's leading producers of special metallic materi-
als and related products with exceptional magnetic
and physical properties. Our wide range of high
quality semi-finished products, parts, components
and systems are used in virtually every field of elect-
rical and electronic engineering. This makes us one
of the few global companies to offer our customers
the complete range of magnetic technology products
from a single source — from magnetically soft
products to the most powerful permanent magnets
in the world.

In all our activities, we benefit from our highly deve-
loped material expertise and our decades of experi-
ence in magnetic technology. As early as 1923, we
became the first company to introduce alloy smelting
in a vacuum on an industrial scale and it was from
this process that the name VACUUMSCHMELZE
was derived.

VAX CORES AND COMPONENTS

We are a global company with our headquarters in
Hanau, Germany. We currently have over 4500
employees who are spread over production and
sales locations in more than 40 countries on every
continent, generating annual sales of approximately
EUR 350 million.

One of our great strengths is our versatility. All of the
world's key industries rely on products and expertise
from VACUUMSCHMELZE, with our principal
customers active in drive and installation technology,
medical technology, renewable energy, automation
systems, process and control engineering, measu-
rement technology, as well as the very important
automotive and aerospace industries. VAC’s custom
solutions are developed in close cooperation with
customers and reflect a high level of material and
application expertise combined with the latest
production technology.



AUTOMOTIVE

APPLICATIONS

The trend towards increasingly efficient electronic
control devices in vehicles continues unabated.
Regulations such as those established by the ACEA
(European Automobile Manufacturer Association)
with regard to reducing CO, emissions have led to
the development of environmentally-friendly vehicles
with new drive technologies and complex electronic
systems. This leads to an even greater demand for
power inductors and EMC components that satisfy
the requirements of the automotive industry.

Over the years, VACUUMSCHMELZE has establis-
hed itself as a competent and reliable tier 2 supplier,
selling millions of inductive components to the auto-
motive industry. VAC products can be found in the
majority of vehicles currently produced. We achieve
this by developing bespoke solutions for a wide
range of applications using a comprehensive set of
tried and tested components and techniques — all
according to the individual requirements of our cus-
tomers. By using standard materials as well as our
own innovative alloys, VAC has gained a strong re-
putation as an important development partner for ad-
vanced magnetic materials and associated
components. Our expertise is widely recognised and
highly valued by many well-known automotive
OEMs. In our laboratory, we rigorously test products
and designs to ensure they are suitable for use in
vehicles and undertake full validation studies on
behalf of our customers. Our Quality Management
system is certified in accordance with TS 16949 and
follows the product life cycle from development right
through to application.

® = registered trademark of VACUUMSCHMELZE GmbH & Co.KG.

Products and
current developments

+ Chokes for voltage stabilisation,
e.g. for gasoline and diesel direct injection systems

« Compact and loss-optimised transformers and
storage chokes for inverters and rectifiers
in hybrid and electric vehicles

+ Mechanically robust and compact EMC chokes
with superb attenuation characteristics, e.g. for
electric power assisted steering

+ Highly permeable temperature resistant VITROPERM®
cores for EMC applications, even within the engine bay

« Precise and temperature-stable current sensors
based on our magnetic probe principle,
e.g. for battery energy management

+ Flexible, low weight, high performance antennae
for keyless LF entry systems

CORES AND COMPONENTS ~ VAY 3
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INDUSTRIAL

APPLICATIONS

The field of industrial applications is characterised
by the use of state-of-the-art power electronics with
great emphasis on energy, volume and cost
efficiency, together with high quality to provide long
life and maintenance-free operation. The fields of
application are just as diverse as our technical
solutions.

Our products can be found in electric drives of every
power class and in a wide range of power supply
units from high accuracy, ultra stable systems to high
volume computer PSU’s. Renewable energy is an
extremely important growth area. We are continually
developing and supplying innovative products for
use in wind generators and, in particular, solar inver-
ters with emphasis on our key benefits of increased
energy efficiency and reduced volume. Our inductive
components are also widely used in other industries
such as railway technology, automation technology
or household equipment (e.g. induction hobs).

In every case, our aim is offer a low-cost, highly
functional product in a volume optimised package
with maximum reliability. This is made possible
through interdisciplinary collaboration between
experienced engineers and by use of our own
innovative materials. This unique combination of
application and materials knowledge enables VAC
to develop optimal solutions for some of the toughest
design challenges.

In choosing VAC, our customers gain the benefits of
our state-of-the-art materials, worldwide production
locations, experience in global markets and our work
with international standardisation bodies. We work
closely with our customers to integrate our standard
components or develop optimised innovative
products that meet specific customer needs. Our
certified production locations in Germany, China,
Malaysia and Slovakia, as well as our global purcha-
sing, ensure cost effectiveness and a high quality
standard.

VAX CORES AND COMPONENTS

Our strength lies in our comprehensive range of
standard series products, customised for diverse
application profiles and individual solutions. A wide
range of skills and capabilities are available from VAC,
including:

* Understanding of our customers' applications
and requirements

+ Individual dimensioning and construction

+ Application of international standards
and regulations

- Selection and application of optimal
core materials

* In-house core production facility

+ Our own crystalline, amorphous and
nanocrystalline materials

+ Continuous product maintenance
and further development

+ Logistics systems for just-in-time
and ship-to-line deliveries

+ Quality standard in accordance with
DIN ISO 9001/1ISO/TS 16949



PRODUCTS

Transformers

+ Compact gate drive transformers for semiconductor switches
with low leakage inductance for optimal pulse transmission

+ Low-loss power transformers for switched-mode power supplies
and frequency converters

Cores and chokes

+ Highly permeable nanocrystalline toroidal tape
wound cores

Prefabricated core modules for EMC applications

+ Compact, low-loss, current-compensated radio
interference suppression chokes

+ Cost-effective saturable chokes (magnetic amplifiers)
for precise voltage regulation

Current sensors and transformers

High-precision current sensors for detecting
AC and DC currents

« AC/DC-sensitive differential current sensors

+ Current transformers for monitoring energy
distribution networks

Toroidal tape wound and cut cores
+ Low-loss nanocrystalline toroidal tape wound cores
and cut cores for transformers and chokes
. l : CORES AND COMPONENTS ~ VAY 5




INSTALLATION TECHNOLOGY

Current transformers for
electronic electricity meters

Electronic electricity meters are being increasingly
employed worldwide. In some countries, the
changeover is prescribed by law, while in others it is
voluntary. We serve well-known customers in both
the IEC and ANSI markets who manufacture
electricity meters with VAC current transformers with
great success.

Innovative and cost-effective solutions based on
nanocrystalline materials from the VITROPERM
alloy family have been proven to provide a robust
and accurate solution in a wide range of meter
designs.

Our current transformers boast many technical
advantages, such as a high level of linearity, low
temperature dependence and a compact design.
Our current transformer product range sets new
standards worldwide for precision current measure-
ment.

In addition to our standard single current transfor-
mers for operation up to 400 A, we also offer enhan-
ced solutions, such as triple modules for simplified
assembly in polyphase meters, versions with
built-in shielding for protection against external mag-
netic fields and designs with integrated primary
current  conductors and  customer-specific
connectors.

We offer product ranges for each of the
following current transformers:

+ With or without DC tolerance according to
IEC standards (based on VITROPERM)

+  With shielding against external
magnetic fields

« For direct or indirect connection
+ For ANSI markets

6 VAX CORES AND COMPONENTS



Cores and transformers for
earth leakage circuit breakers

For several decades, we have been providing
products using our high-quality materials to
provide reliable function in voltage-independent
residual current devices. This began with the
development of high-quality NiFe materials such
as VACOPERM® and PERMAX®. More recently it
was possible to considerably reduce the size of
the cores by using newly developed materials. At
this time, ULTRAPERM® was the dominant force
in the market.

Currently, the introduction of nanocrystalline
materials such as VITROPERM has led to the de-
velopment of innovative solutions that move far
beyond the limits and possibilities of crystalline
materials. VITROPERM offers optimal solutions
for almost every common switch type
(AC/A/B/B+).

Our unique combination of advanced materials
and application expertise help to ensure that VAC
remains a key innovation and development part-
ner to our customers. The use of comprehensive
simulation and dimensioning programmes allows
us to optimise the accuracy of new designs, thus
reducing the need for an empirical approach to
development.

PLC transformers for smart metering

Several systems can be used for the data commu-
nication within the new smart meter products. Aside
from wireless connections such as GSM, PLC
(powerline communications) systems are becoming
increasingly popular. In many systems, the combi-
ned data from several meters is sent via PLC to a
concentrator for onward transmission to the data
management centre using GSM technology.

VAC Powerline transformers are commonly used in
the meters, concentrators and in the controller units
to which electricity, gas and water meters can be
connected. Our PLC products help to ensure the
communications technology is galvanically isolated
from the power network whilst faithfully transmitting
the required signal.

® = registered trademark of VACUUMSCHMELZE GmbH & Co.KG.

Our market leading PLC transformers feature a low
distortion factor, a high excitation level and low
design volume.

For the most common modulation methods DCSK,
FSK and OFDM, VAC offers optimised solutions in
its product range for all major PLC chipsets from
well-known manufacturers.

CORES AND COMPONENTS ~ VAX
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BASED ON
NANOCRYSTALLINE VITROPERM
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THE COMPANY

VACUUMSCHMELZE

We are a global-eompany with our headquarters in Hanau, Germany. We currently

have approximately 4300 employees who are spread over productio
immore than 50 countries on every continent generating annual sal
EUR 380 million.

VACUUMSCHMELZE GmbH & Co. KG (VAC) is a leading global manufacturer of modern
magnetic alloys, cores and inductive components. VAC has supplied innovative solutions
for electromagnetic compatibility (EMC) protection for more than 30 years.
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EMC PRODUCTS

BASED ON
NANOCRYSTALLINE VITROPERM

Nowadays power electronics have a decisive influence on the technology of electrical
energy generation, distribution and conversion. Modern semiconductors enable electrical
energy to be controlled and converted rapidly and safely with low losses. However,
using today’s fast switching technologies results in significant network disturbances.
To minimize these disturbances and stabilizing electric networks, EMI filters according
to latest international standards must be used. VAC’s VITROPERM® EMC products make
a significant contribution in building innovative and compact filter designs with lowest
losses.

Our EMC products are used in a wide range of applications:
e Switched-mode power supplies (SMPS)
e Solar inverters

e Frequency converters

e EMC filters

e Welding equipment

e Wind generators

* Induction hobs

¢ Automotive applications

e Uninterruptible power supplies (UPS)

® = registered trademark of VACUUMSCHMELZE GmbH & Co. KG
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VITROPERM -
EXTENDING THE POSSIBILITIES OF IRON

Nanocrystalline VITROPERM alloys are based on Fe with Si and B with further additions of Nb and Cu. VAC pioneered the
development of rapid solidification technology resulting in the production of thin tapes or ribbons approximately 20 ym
thick. Special slitting and core winding machines produce tape-wound cores with external diameters ranging from 2mm
to 600 mm. A subsequent heat treatment at around 500 - 600 °C transforms the initially amorphous microstructure of the
tape into the desired nanocrystalline state, this being a two-phase structure with fine crystalline grains (average grain
diameter of 10-40nm) embedded in an amorphous residual phase.

VITROPERM nanocrystalline alloys are optimized to combine
highest permeability and lowest coercive field strength. The
combination of very thin tapes and the relatively high
electrical resistance (1.1-1.2u&m) ensures minimal eddy
current losses and an outstanding frequency vs. permeability
behaviour. Combined with a saturation flux density of 1.2 T
and wide operational temperature range, these features
combine to make VITROPERM a universal solution for most
common EMC problems and vastly superior in many aspects
to commonly used ferrite and amorphous iron materials.

_induckian ol

«cocding | quenching rale:
1 000 000 Kebvin [ s

amoiphous metallic sirip,
A7 - 26 pm
speed: 100 kmih (50 mph}

casting whesl

Fig. 1: Rapid solidification technology is used to produce thin metal tapes

with an amorphous structure (metallic glass).

Fig 2: Crystalline structure, amorphous structure, nanocrystalline micro-

structure
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SUPERIOR EMC FILTER AND
COMMON MODE CHOKE DESIGN

Nanocrystalline cores are widely used in common mode choke (CMC) applications due to their unique combination of
properties. By utilising low-cost raw materials (Fe-based) and modern, large-scale production, VITROPERM is a very

competitive solution for a wide range of applications.

Our CMCs feature high attenuation which is maintained
across a wide frequency range offering extremely broad-
band attenuation. In many cases, this characteristic can
allow a reduction of the number of filter stages in multistage
EMC filter configurations to reduce complexity, cost and filter
volume. Ohmic (copper) losses are also reduced increasing
the efficiency and lowering component temperature.

VACUUMSCHMELZE has extensive practical and theoretical
expertise in the design of CMCs and filter configuration
using nanocrystalline cores and components. At higher
frequencies, the winding configuration has a major effect on
the parameters of winding capacitance and leakage induct-
ance and is therefore carefully considered in our choke
designs. Figure 4 shows a comparison of insertion loss for
two chokes which differ only in their winding configuration
(core material, number of turns and wire thickness are iden-
tical in both cases). This illustrates how our design expertise
can improve filter efficiency, maximize reliability and reduce
costs.

Standard 2-stage EMI-Filter Optimized 1-stage EMC-

Filter with VITROPERM

—

b

—]

n

I

1

LF Stage HF Stage

Fig. 3: Nanocrystalline chokes allow a reduction of filter stages
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core: VITROPERM 500F Eﬁim‘gﬂzed design,
25%20x10 mm ﬂ</\ p

40 {N=2x28 tums

(0.71 mm/AWG 21)

separator: 5 mm /
30

ol

(50 Ohm system)

=i 2 h

AV

insertion loss aE [dB]

\4
simple winding design
Cy=21pF

0
0.001 0.01 0.1 1

frequency [MHz]

Fig. 4: Optimized choke design: improved attenuation of up to 16 dB

(or more) at 4 MHz
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FEATURES & BENEFITS OF
VITROPERM NANOCRYSTALLINE CHOKES

. ; ;“ -H{-”:ul
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ADVANTAGES

PRECONDITIONS / RELEVANT PROPERTIES

Small size

High p, high B,

Suitable for high currents and/or high voltages

High p, high By, suitable core geometries

Single stage filter designs possible

Excellent broadband attenuation behaviour, high permeability,
low-capacitance design, moderate reduction of p up to high
frequencies, low Q factor in 150 kHz range

High efficiency, low power loss

Low number of turns required for high L, reduction of filter stages

‘Green’, environmentally friendly

Low power loss, reduced use of material

Suitable for high and low ambient temperatures and
high operating temperatures

High Curie temperature, material properties (u, B, \) nearly
independent of temperature

‘Easy filter design’

Material properties (u, B, A) nearly independent of temperature, linear
magnetization curve delivers stable impedance across a broad range
of common mode currents — VAC choke design software available

UL-compliant designs

Suitable plastic materials meet UL1446 insulation requirements

Optimized solutions for a variety of different applications

Arange of p levels and VITROPERM alloys available

No operating noise

Material is practically magnetostriction-free

Best suited for winding of thick wires

Material is practically magnetostriction-free,
coatings/casings are resistant against mechanical stress

6 VAX NANOCRYSTALLINE VITROPERM / EMC PRODUCTS



VITROPERM VS. FERRITE

Due to the optimized high-frequency properties, the insertion loss of our nanocrystalline common mode chokes is superior
compared to that of a typical ferrite choke in the relevant frequency range.

The properties of VITROPERM are very much different from
conventional ferrites. In low-frequency ranges the permea-
bility of VITROPERM 500 F is higher than that of ferrites.
Nanocrystalline materials show a less marked reduction of
permeability p at higher frequencies. This has to be consid-
ered in the filter design for optimum solutions. The main
physical and magnetic characteristics are illustrated in the
following diagrams.

The permeability p of VITROPERM 500 F is significantly
higher than the p of ferrites in the low frequency range. At
higher frequencies the p of both nanocrystalline materials
remains above that of ferrites. A high choke impedance is
preferred for a high attenuation. To achieve high impedance,
high permeability core material rather than an increased
number of turns must be used, as a low number of turns
leads to low winding capacity and thus superior HF proper-
ties. VAC has focused on the favourable material properties
of nanocrystalline cores to build an extensive practical and
theoretical experience in the design of common-mode-
chokes and filters. VAC'’s optimized chokes offer clearly
improved HF-properties.

50
T 1-phase CMC, core: ’
7} 25x20x10 mm (VITROPERM)
I3 25%15x10 mm (ferite) =< \VITROPERM cMe
@® 40 <
£ PR
<] z . 2
(=] ll N '|
z ¢ SN
o / .
e ks “\ A
m o’ \ \
© 20 5+ \‘ N
2 i \ i
° 2 k \
c ,’ \‘
2 10
5 | typical ferrite CMC
0 ’
£ 7

o k===

0.001 0.01 0.1 1 10 100

Fig. 5: Comparison of insertion loss of VITROPERM and ferrite

PERMEABILITY
100,000 T
_VITROPERM 500F
10,000
= \
g \ VITROPERM 250F
| 1.000
o
E
g \
100
typical MnZn ferrite \ \
. AN

0.001 0.01 0.1 1 10 100 1000
Fig. 6: Frequency response of the permeability of VITROPERM 500 F

(u=40,000) and VITROPERM 250 F (4 =5,000) in comparison to
a typical MnZn ferrite (u=5,000)
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PERMEABILITY AND MAGNETIZATION CURVE

As properties like the frequency dependence of permeability
(fig. 7), p(f) of VITROPERM 500 F and ferrites differ funda-
mentally, varied filter designs must be considered for optimi-
zation, the permeability of ferrites (u=5,000) shows a flat
and linear characteristic up to approximately 1 MHz (ferrites
with y=10,000 range up to approximately 200kHz). In this
flat range, the attenuation properties are determined by |’
and the impedance IZ| is dominated by the inductance L. If
the self-resonance of the choke is within this frequency
range, the attenuation curve is narrowband and attenuation
is primarily caused by reflection of the interference signal.
The attenuation of ferrites is determined by its resistive
parameters at frequencies above the frequency where the
flat range of the curve ends, because the real part of the
impedance Re(Z) accounts for the major share of the
attenuation and the imaginary part of the complex
permeability 1’ becomes the dominant factor. If the self-
resonance of the choke is in this frequency range the
attenuation characteristic becomes increasingly broadband.

VITROPERM is basically similar in this respect. The flat sector
of p(f) of VITROPERM 500 F ranges (depending on the initial
permeability level) to frequencies of several 10kHz (20 kHz
in this example), only. Consequently, attenuation (or 1Z1) is
already dominated by Re(Z) and is always broadband in the
whole EMC-relevant range above 150 kHz. Inductance plays
a minor role and describes the attenuation only partially. The
determining factor is the total impedance. The approximation
IZl=wL is valid for ferrite chokes. For VITROPERM chokes
|ZI >> wL applies. Attenuation primarily does not result from a
reflection of the interference signal, but from its absorption.

Only if the different characteristics are considered, the design
of optimized, compact and low-cost nanocrystalline chokes is
possible. However, VITROPERM 250 F is an exception, because
the flat p(f) sector range is similar to 1= 5,000 ferrites to frequen-
cies of up to 1MHz and the attenuation is primarily inductive
(fig. 8 aand h).

100,000

O ~_VITROPERM 500F
) \ =100 000

LTI Y
10,000 4 N
= 1 | - N

typical ferrite ‘
1=5500 ‘J
T

permeabinty p

1,000

100

100
0.001 0.01 0.1

frequency [MHz]

Fig. 7: Differences in the balance between p’ and p” for VITROPERM and
ferrite lead to different attenuation mechanisms

MAGNETIZATION CURVE

15 ‘ ‘
VITROPERMS0OF |/~ /) ‘ /F;
. VITROPERM 250F
P=30000 ~ p=5 000
p=20000 3
0.5

E oo
) =i
0s I typical ferrite /
/
1.0 / /
At

25 2.0 15 -1.0 05 0.0 05 1.0 15 2.0 25
H [A/cm]

Fig. 8a: Hysteresis loops for various types of VITROPERM and typical
MnZn ferrite

VITROPERM 500F VITROPERM 250F
1=5000

=30 000
1=20000

B[T]

0.5

| typical ferrite —]

0.0

0.0 0.5 1.0 1.5 20 25
H [A/cm]

Fig. 8b: Magnetization curve of VITROPERM 500 F and VITROPERM 250 F
in comparison to typical MnZn ferrite, showing noticeable
differences in permeability (slope of the curve) and saturation
flux density (By)
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THERMAL PROPERTIES

The saturation flux density of VITROPERM changes by only
a few percent in the operating temperature range of up to
150°C, while MnZn ferrites decline by up to 40% at tem-
peratures above 100°C (fig. 9). The high Curie temperature of
VITROPERM alloys (above 600°C), allows short term
maximum operating temperatures as high as 180-200 °C".

THERMAL BEHAVIOUR
1.4
E 124+ ———
@ \\ nanocrystalline:
> ! Ss==lL ITROPERM
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k-] ~~J
x S
2 o6 S
g typical B
- \
g 04 \>< MnZn ferrite \
©
» 0.2 \
0

0 100 200 300 400 500 600
temperature [°C]

Fig. 9: Temperature dependence of saturation flux density By(T)

Insertion loss (and impedance) of a CMC made of VITROPERM
500 F is almost temperature-independent in the tempera-
ture range of -40°C to above 150 °C (fig. 11a).
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Fig. 11a: Comparison of temperature dependence of insertion loss of a

VITROPERM CMC and a choke with standard MnZn ferrite core

The permeability of VITROPERM typically changes by less
than 10 % in the temperature range from -40°C to 120 °C,
while the permeability of MnZn ferrites can drift in a range of
+ 40-60% around the room temperature value (fig. 10).
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Fig. 10: Relative change of p(T) at f = 100 kHz, normalized for room
temperature

In contrast, ferrite chokes feature a significant drop of insertion
loss with increasing temperature (fig. 11b).
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Fig. 11b: Comparison of temperature dependence of insertion loss up to

160°C of a VITROPERM CMC and a MnZn choke using a high
Curie temperature ferrite material

" Maximum continuous temperature depends on the casing/coating materials used. Please contact VAC for more detailed information.
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SATURATION BEHAVIOUR

High permeability nanocrystalline cores enable very high
inductance levels in extremely compact core or choke
dimensions. However, as a consequence, an increased
sensitivity to asymmetric magnetization conditions caused
by common mode, unbalanced or leakage currents has to be
considered. These currents may occur as low-frequency
leakage currents (50/60Hz) or as medium or high-frequency
interference currents. These are caused for example by long
motor cables with different capacitance of the individual
conductors to earth, or by resonances which occur
(commonly due to bearing currents) in such cables leading to
short, extremely high and rapidly declining current peaks
with amplitudes of up to several 10 Apeak and pulse widths in
the nanosecond range (1 ... several 100ns). If these
common mode currents exceed the saturation level of the
choke or core, the attenuation of the choke breaks down and
the choke becomes less effective.

The saturation behaviour of ferrites is less sensitive due to its
lower permeability. For applications with higher imbalance
currents, the advantages of VITROPERM with 1.2 T satura-
tion flux density (approximately 3 times higher than ferrites)
can still be realised since VITROPERM is available in a range
of permeability levels between 4,000 and 150,000. In these
cases, a lower i level may have to be selected in order to
find the optimum saturation-resistant solution. Fig. 12a
shows a comparison of saturation currents for different
VITROPERM designs with a typical ferrite core of similar
dimensions. It can be seen that the saturation behaviour of
the MnZn ferrite (u=6,000) is comparable with that of
VITROPERM 500 F (u=17,000) up to frequencies of approx-
imately 50kHz. At higher frequencies, however, the VITROPERM
design is becoming more advantageous. The VITROPERM
solution offers a 50% higher A value at 100kHz and a
significantly higher impedance (note that the impedance of

10 VAX NANOCRYSTALLINE VITROPERM / EMC PRODUCTS



VITROPERM is determined to a small part by inductance L in
this frequency range). High permeability VITROPERM 500 F
cores are characterized by an extremely high attenuation or
impedance at low frequencies, and they are clearly superior
against ferrites at high frequencies. However, the price of
this superior performance is a more sensitive saturation
behaviour, which is improving with increasing frequency but
still more critical than that of other core materials. It should
be noted that fig. 12a shows the saturation currents of the
cores without winding. Depending on the number of turns,
the 1., values of the chokes are some 10mA to several
100mA, only (see tables of standard series).

100

VITROPERM 250F, 40x25x15 mm
=4 500, A (100 kHz)=4.6 uH
Il

\

VITROPERM 500F, 40x25x15 mm
W=17 000, A (100kHz)=14 pH
|

Tem 1AL

MnZn ferrite, 40x24x16 mm

=6 000, A (100 kHz)=9.5 uH ——— ]

VITROPERM 500F, 40x25x15 mm
=110 000, A (100 kHz)=24 uH

0.1
0.001 0.01 0.1 1 10

frequency [MHz]
Fig. 12a: Comparison of saturation behaviour of VITROPERM 500 F,
VITROPERM 250 F and MnZn ferrite

Fig. 12b shows permeability characteristics under DC hias
field for a VITROPERM 500 F core (u=20,000) and 2 typical
MnZn ferrites (u=5,000 and u=8,000, respectively). The
diagram shows the significantly higher permeability and a
square J(H,.) characteristic of the nanocrystalline material
in comparison to the rounded properties of the two ferrite
cores. This behaviour complies to the linear magnetization
curve of VITROPERM (figs. 8a/8b) and leads to nearly
constant inductance over a wide range of the DC bias fields.

VITROPERM 250 F is always used where highly saturation-
resistant solutions are required for applications with very
high common mode or unbalanced currents. However, it
cannot equal the high attenuation of VITROPERM 500 F.

20000

S

15000 VITROPERM 500F, p=20 00

10000
\typ\caL InZn ferrite, p=8 000 \
5000

A

permeabiity

typical MnZn ferrite, u=5 000 :
0 + T
0 0.1 0.2 03 0.4 0.5 0.6 0.7

DC bias Hpc [A/cm]

Fig. 12b: Comparison of permeability characteristics under DC bias field
for VITROPERM 500 F and two typical MnZn ferrites
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DESIGN ADVANTAGES WITH VITROPERM

The superior material properties of nanocrystalline VITROPERM
enable common mode chokes with high inductance/
impedance with a small number of turns, resulting in reduced
copper losses, low winding capacitance and excellent HF
performance.

Due to the high initial permeability, low winding capacitance
and a low Q-factor (above 100 kHz) VITROPERM CMCs offer
a broadband insertion loss curve ranging from 10 kHz up to
several MHz and improved attenuation behaviour at both low
and high frequencies, in comparison to conventional ferrite
chokes with similar core dimensions and identical windings
(see fig. 13).

Better attenuation properties and an extended operating
temperature range allow a reduction of the component
volume by a factor of up to 3 or more under similar conditions.
Note that the insertion loss curve of the small VITROPERM
choke infig. 14 is similar to that of ferrite materials at frequencies
of about 600 kHz - 1 MHz and is superior below 500 kHz and
above 1MHz.

The excellent attenuation of VITROPERM CMCs simplifies
the filter design in a wide frequency range.

For laboratory tests, VAC offers different sample kits with
selected standard cores and chokes.

insertion loss a, (dB)

Fig.

insertion loss a, (dB)

Fig.

B0 Jferite  VITROPERM 5013 -system

) . g LN
/\ n

“ \

m// \V

LI

0.001 0.0 01 1 10 100
frequency (MHz)

13: Comparison of insertion loss curve of a VITROPERM 500 F CMC
(red curve) and ferrite CMC (blue curve) of similar size and with

the same number of turns

50
fertite VITROPERM S0 -system
Sl e ke TE ALk K=

50

40 g

30
’ Y}

10

0

0,001 om 01 1 10 100

frequency (MHz)
14: Comparison of the dimensions of a VITROPERM 500 F CMC (red
curve) and ferrite CMC (blue curve) with similar attenuation

properties in the 1 MHz range
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VITROPERM - TYPICAL DATA

Saturation flux density B,=12T
Coercivity (static) H, <3 A/m
Saturation magnetostriction ()

VITROPERM 500 F A, =10%...10°

VITROPERM 250 F A, ==~8x10°
Specific electrical resistance p =~ 115 pQem
Curie temperature T,>600°C
Max. operational temperature (T )

Epoxy coating T . =120°C?

Plastic casing T . =130/155°C?

Short-term T, =180°CY

Permeability (b)
VITROPERM 500 F
VITROPERM 250 F

1, = 15,000...150,000
1, = 4,000...6,000

Core losses (100 kHz, 0.3 T) P., = 80 W/kg (typ.)

" Please contact VAC for more detailed information about the temperature limits of our casing and coating materials.
2 For continuous operation

NANOCRYSTALLINE VITROPERM / EMC PRODUCTS VAR
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STANDARD SERIES OF VITROPERM CORES

Our VITROPERM cores are available with different A -levels for many core sizes. Thus, saturation-resistant solutions are
available for various fields of applications. Common mode currents may occur as interference currents, bias currents or,
primarily, unbalanced currents. If the common mode currents exceed the saturation currents (l_,) of the cores or chokes,
cores with higher saturation resistance must be used. High A, values (high p) are more suitable for typical single-phase
applications with low unbalanced current (e.g. switched-mode power supplies), while cores with lower A, values are often
used in 3-phase applications with high unbalanced currents (e.g. frequency converters with long motor cables).

AFE
I / - — Ag, = iron cross section
= N ? h = nominal height
T f oD H = height (incl. coating/casing)
do di ID ID = inner diameter (incl. coating/casing)
0D = outer diameter (incl. coating/casing)
l l R d, = nominal outer diameter
! S d; = nominal inner diameter
h ||
-
]

More detailed technical information and the data sheets are available at www.vacuumschmelze.com.
Please scan the QR-code belonging to this chapter which will lead you automatically to the respective site.
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NANOCRYSTALLINE VITROPERM CORES WITH EPOXY RESIN COATING
Although the epoxy resin coating is suitable for direct winding, we recommend additional insulation between core E

and winding for enhanced insulation requirements. The epoxy resin is suitable for continuous operational
temperatures of up to 120 °C (UL compliant 105 °C) and complies with the UL94-V0 standard (UL File Number:

E214934), class A (105 °C).

Table below

[=]

Part number |Nominal core |Limiting dimensions |Iron cross | Mean path | Weight Ax Saturation current
T60004- dimensions (incl. coating) section |length 10kHz 100kHz |1 **, typical
d,xd,xh 0D ID H A. (o m nominal 10 kHz | 100kHz
mmxmmxmm | mm | mm | mm cm? cm g pH A A
L2016-W620 15.0 4.8 0.32 0.63
L2016-W619 16x125x6 | 178 | 10.7 | 8.0 0.08 45 2.6 6.0 39 11 17
L2022-W867 | 22x17x6 | 240 | 15.2 | 8.0 012 6.1 5.4 16.4 3.2 0.43 0.86
[2022-W868 | 22x17x10 | 24.0 | 15.2 | 12.0 0.20 6.1 9.0 274 5.3 0.43 0.86
L2025-W622 22.5 7.2 0.5 0.99
L2025-W621 25x20x10 | 27.3 | 175 | 123 0.19 7.1 9.9 9.0 59 18 58
L2030-W676 | 30x25x15 | 323 | 227 | 175 0.27 8.6 174 | 26.5 8.5 0.61 1.2
L2030-W911 | 30x20x10 | 325 | 178 | 125 0.40 79 231 | 56.0 | 134 0.42 0.87
L2040-W624 325 | 104 0.8 1.6
L2040-W623 40x32x15 | 423 | 291 | 178 0.44 11.3 36.0 130 8.4 o8 A4
L2045-W886 | 45x32x15 | 473 | 29.8 | 17.8 0.71 12.1 63.3 | 19.7 12.8 31 4.7
L2050-W626 430 | 138 1.0 2.0
L2050-W625 | 50x40x20 | 52.3 | 371 | 22.8 0.73 141 76.0 | 170 1.0 3.6 5.6
L2050-W583 11.2 10.0 5.5 7.1
L2063-W627 18.0 1.7 4.5 6.9
L2063-W721 63x50x20 | 655 | 46.6 | 22.8 0.95 17.8 124.0 135 191 6.9 8.9
L2080-W628 185 | 120 5.7 8.7
L2080-W722 80x63x20 | 83.0 | 59.5 | 22.8 1.24 22.5 205.0 120 108 8.7 110
L2100-W629 17.3 1.2 71 11.0
L2100-W723 100x80x20 [104.0| 75.0 | 23.0 1.46 28.3 303.0 1192 100 10 14.0
L2130-W567 2.85 36.1 7570 | 50.0 | 194 3.4 6.2
[2130-W630 | 130x 100x 25 | 134.5 | 95.0 | 28.5 2.74 36.1 7270 | 254 | 16.5 91 14.0
2130-W587 2.74 361 7270 | 164 | 1438 14.0 18.0
L2160-W631 20.2 131 11.0 18.0
L2160-W720 160 x 130 x 25| 165.0 | 125.0 | 28.5 2.74 456 917.0 130 17 180 230
L2194-V105 450 | 147 4.9 9.1
12194-W908 194 x 155 x 25 (200.0| 149.0 | 28.5 3.71 54.8 |1,490.0 150 | 139 210 970

* A, =inductance for N = 1 (tolerance +45 %/-25 %)
** 1.+ the listed saturation currents are guidelines only. They are calculated for nominal core dimensions at room temperature and for approx. 70 % saturation
flux density. The frequency-dependent saturation behaviour is demonstrated in fig. 12.
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NANOCRYSTALLINE VITROPERM 500 F AND
VITROPERM 250 F CORES IN PLASTIC CASING

The plastic cases are suitable for direct winding and offer good mechanical protection of the nanocrystalline core material. This
enables the best magnetic properties and highest permeability levels to be maintained. Additional winding protection is optional for
heavy wire windings, where there may be a danger of core damage. The plastic materials comply with the standards UL94-V0/HB
for small cores (UL File Number: E41871), class B (130 °C) and UL94-V0 (UL File Number E41938), Class F (155 °C).

More detailed technical information and the data sheets are available at www.vacuumschmelze.com.
Please scan the QR-code belonging to this chapter which will lead you automatically to the respective site.

Part number | Nominal core |Limiting dimensions |Iron cross | Mean path | Weight Ax Saturation current
T60006- dimensions | (incl. case) section |length 10kHz 100kHz |1 **, typical
d,xdxh oD ID H A I m nominal 10 kHz | 100kHz
mmxmmxmm | mm | mm | mm cm? cm g pH A A
[2009-W914 | 9.8x6.5x45| 11.2 | 51 | 5.8 0.06 2.6 1.1 25.5 6.4 0.14 0.3
[2012-W902 | 12x8x45 | 141 | 66 | 6.3 0.07 3.1 1.7 28.0 6.8 0.15 0.31
L2012-W498 | 125x10x5 | 143 | 85 | 7.0 0.05 3.5 1.3 10.0 3.6 0.3 0.56
L2014-V098 |14.4x11.4x3.2| 165 | 96 | 5.0 0.04 41 1.1 10.5 2.6 0.21 0.44
L2015-W865 | 15x10x4.5 | 171 | 79 | 6.5 0.09 3.9 2.6 27.0 6.7 0.2 0.41
L2016-W403 43.0 9.8 0.2 0.41
L2016-W308 | 16x10x6 | 17.9 | 8.1 8.1 0.14 41 4.0 10.5 6.5 1.2 1.7
L2016-V165 2.1 2.0 5.4 5.7
L2017-W515 | 17.5x12.6x6 | 19.0 | 11.0 | 8.0 012 4.7 41 30.0 6.9 0.23 0.48
L2019-V184 19x15x5 | 212 | 130 | 7.3 0.08 5.3 31 18.0 41 0.26 0.54
L2019-W838 | 19x15x10 | 21.2 | 13.0 | 12.3 0.16 5.3 6.3 36.1 8.3 0.26 0.54
L2020-W409 570 | 13.0 0.25 0.51
L2020-W450 20x125x8 | 226 | 10.3 | 10.2 0.24 51 9.0 140 91 15 59
[2025-W523 | 25x20x10 | 276 | 174 | 12.8 0.20 71 10.0 | 284 6.5 0.41 0.84
2025-W380 670 | 155 0.32 0.65
[2025-W451 | 25x16x10 | 279 | 136 | 12.5 0.36 6.4 170 | 171 1.5 1.8 2.7
2025-W980 3.2 3.1 9.3 9.6
L2030-W423 66.0 | 15.8 0.36 0.73
[2030-W358 | 30x20x10 | 32.8 | 176 | 12.5 0.40 7.9 23.0 | 155 | 105 2.1 3.2
2030-W981 2.9 2.8 12.0 12.0
2030-W514 88.0 | 204 0.38 0.79
[2030-V188 | 30x20x15 | 328 | 175 | 17.8 0.57 7.9 33.0 | 269 | 16.2 1.8 2.8
2030-V129 15.7 141 3.1 3.9
L2040-W422 480 | 1.2 0.55 1.1
L2040-V113 13.0 8.4 3.0 4.6
L2040-W452 40x32x15 | 431 | 28.7 | 18,5 0.46 1.3 38.0 102 79 38 5o
2040-W964 2.3 2.2 17.0 17.0
L2040-W424 99.0 | 231 0.5 1.0
L2040-W453 40x25x15 | 431 | 225 | 185 0.86 10.2 64.0 250 | 172 59 44
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Table below

Part number |Nominal core |Limiting dimensions |lIron cross | Mean path | Weight Ax Saturation current
T60006- dimensions (incl. case) section |length 10kHz 100kHz |1 **, typical
d,xdxh oD ID H A, le, m nominal 10 kHz | 100kHz
mmxmmxmm | mm | mm | mm cm? cm g pH A A
L2045-V102 876 | 20.0 0.59 1.2
L2045-V118 | 45x30x15 | 48.3 | 26.4 | 18.2 0.86 11.8 740 | 243 | 158 3.0 4.6
2045-V101 15.7 141 4.6 59
L2050-W516 36.3 450 | 135 1.0 2.0
L2050-W565 36.3 18.0 | 10.0 3.6 55
L2050-V146 50x40x20 | 53.5 66 23.4 0.76 141 79.0 17 | 100 55 71
L2050-V166 36.6 31 3.0 20.0 21.0
L2054-V172 870 | 19.9 0.72 1.5
L2054-V178 54x40x20 | 575 | 37.7 | 241 1.06 14.8 115.0 010 | 157 37 58
L2063-W517 161.0 | 59.0 | 175 1.2 2.5
L2063-V110 161.0 | 23.3 | 13.8 45 6.9
L2063-V144 63x50x25 | 67.3 | 46.5 | 28.6 1.24 17.8 1610 | 151 135 6.9 8.9
L2063-W985 163.0| 3.3 3.3 30.0 31.0
L2080-V140 85.8 | 446 | 25.5 3420 | 940 | 28.0 1.4 2.8
L2080-W531 | 80x50x20 | 86.0 | 44.7 | 25.7 2.28 20.4 3420 | 350 | 24.0 5.5 8.4
2080-V091 86.0 | 44.7 | 25.7 3470 | 96 6.9 26.0 28.0
L2090-W518 395.0 | 81.0 | 251 17 3.3
L2090-V173 | 90x60x20 | 954 | 547 | 24.7 2.28 23.6 4000 | 325 | 211 5.9 91
2090-W984 4000 | 4.6 4.5 41.0 42.0
L2100-V082 379.0| 56.3 | 16.9 2.0 3.9
L2100-vog1 | 100X80X25 110550 750 1 286 190 | 283 | 3790 | 146 | 131 | 110 | 140
L2102-W468 508.0 | 55.0 | 216 2.7 4.9
[2102-V080 | 102x76x25 | 1081 | 70.0 | 30.3 2.47 28.0 508.0 | 191 17.2 11.0 14.0
[2102-W947 5150 | 4.3 4.2 48.0 49.0
L2160-V074 2.74 917 | 280 | 14.0 8.5 14.0
L2160-V088 2.74 917 | 20.0 | 131 11.0 18.0
Lo160-vope | 100X 130% 2516691239305 | 57, | 496 | 917 | 130 | 117 | 180 | 230
2160-W982 2.85 967 3.0 2.9 80.0 82.0

* A, = inductance for N = 1 (tolerance +45 %/-25 %)
**1,,,+ the listed saturation currents are guidelines only. They are calculated for nominal core dimensions at room temperature and for approx. 70 % saturation
flux density. The frequency-dependent saturation behaviour is demonstrated in fig. 12.
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GORE STAGCK ASSEMBLIES WITH
NANOCRYSTALLINE CORES

Single-turn chokes employing a number of nanocrystalline cores assembled in a stack are an effective solution for
bearing current problems or extremely high common mode noise from other causes in large-scale variable speed drives,

wind generators and other applications.

In these applications resonance phenomena cause high-amplitude interference currents with peak values ranging from several 10 A
to over 100 A. These generally take the form of short and thus high-frequency current peaks. For these applications, VAC offers
assembled core stacks which can be easily and securely integrated into existing applications with the minimum of effort.

The core stacks are available in two sizes with two different through-hole diameters. They are custom-designed, allowing an individual
selection of core type and the number of stacked cores (up to 7 pieces) depending on the required saturation level and the required

inductance.

More detailed technical information and the data sheets are available at www.vacuumschmelze.com.
Please scan the QR-code belonging to this chapter which will lead you automatically to the respective site.

10...100A
<1us

peak

a b c
Inverter [ Motor
] (mm) (mm) (mm)
R —— .
% Size 1 120 130 70
high voltage peaks Size 2 180 190 130
over bearings .................]
<«
n = number of stacked cores

PE H = maximum core height

y = 9.5 for epoxy coated cores, T60004. ..

1S == e .:I-I +* -ﬂ + B0 .
30 y = 10.2 for cased cores, T600086...

[ | I T 1 D‘E—l— ) - . o ‘ L =n"(H+y)+60

A: inductance of single core

Dimensions of the core stack assemblies

and for approximately 70 % saturation flux density.

(mm)
~70
>118

c . b number of stacked cores with the A -value of the single core.

lem: - Maximum permissible leakage or common mode current

(mm)

10

The inductance L of a core stack can be calculated by multiplying the

Calculated guideline for nominal core dimensions at room temperature
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Table below

okA0

[=] o<
CORE DATA DATA OF CORE STACK
EXAMPLE FOR 5 STACKED CORES
Core part number Nominal core | Limit core dimensions A Size L L
dimensions (incl. case/coating) | 10kHz 100kHz 10kHz 100kHz | 10kHz 100kHz
d,xd,xh 0D ID H nominal typical nominal
mmxmmxmm | mm | mm | mm pH A uH
T60004-L2100-W629 | 100x80x20 | 104.0| 75.0 | 23.0 | 173 1.2 1 71 11.0 | 865 | 56.0
T60004-L2100-W723 | 100x80x20 | 104.0| 75.0 | 23.0 | 11.2 10.0 1 11.0 14.0 | 56.0 | 50.0
T60006-L2100-V082 | 100x80x25 |105.5| 75.0 | 29.6 | 56.3 | 16.9 1 2.0 39 | 2815 | 845
T60006-L2100-V081 | 100x80x25 |105.5| 75.0 | 29.6 | 146 131 1 11.0 140 | 73.0 | 655
T60006-L2102-W468 | 102x 76 x25 | 108.1| 70.0 | 30.3 | 69.4 | 215 1 21 41 347.0 | 108.0
T60006-L2102-V080 | 102x 76 x25 | 108.1 | 70.0 | 30.3 | 19.1 17.2 1 11.0 140 | 955 | 86.0
T60006-L2102-W947 | 102x76x25 | 108.1| 70.0 | 30.3 | 4.3 4.2 1 480 | 490 | 215 | 210
T60006-L2160-V074 | 160 x 130 x25|166.9 | 123.9| 30.5 | 28.0 | 14.0 2 8.5 14.0 | 140.0 | 70.0
T60006-L2160-V088 | 160 x 130 x 25| 166.9 | 123.9 | 30.5 | 20.0 13.1 2 11.0 18.0 | 100.0 | 65.5
T60006-L2160-V066 | 160 x 130 x25|166.9|123.9| 30.5 | 13.0 17 2 180 | 23.0 | 650 | 585
T60006-L2160-W982 | 160 x 130 x 25| 166.9|123.9| 30.5 | 3.0 2.9 2 80.0 | 820 | 15.0 14.5
In case of interest for a specific core stack with 2-7 cores chosen from above list please contact VAC.
Existing Core Stacks
Core stack part Nominal core dimensions Nominal core stack A Size lom
number (part number) x number of cores |dimensions 10kHz 100kHz 10kHz 100kHz
base
d,xd xh dimension | height nominal typical
(Lxa) (b)
mmxmmxmm mm mm pH A
T60016-L2102-W075 102x76x25 (W947) x2 140x120 130 91 8.4 1 48 49
T60016-L2102-W078 102x76x25 (W468) x6 300x120 130 416 130 1 2.1 4.1
T60016-L2160-W076 160x130x 25 (W982) x5 261x180 190 16 14.5 2 80 82
T60016-L2160-W079 160x130x25 (V066) x4 210x180 190 52 46.8 2 18 23
T60016-L2160-W080 160x130x25 (V066) x7 310x180 190 91 81.9 2 18 23
T60016-L.2160-W081 160x130x25 (V066) x5 240x180 190 65 58.5 2 18 23

NANOCRYSTALLINE VITROPERM / EMC PRODUCTS VAR



COMMON MODE CHOKES
UL1446 STANDARD SERIES

Common Mode Chokes using VITROPERM cores offer universal solutions for various EMI problems due to highest
inductance at a low number of turns in compact designs, excellent high frequency properties and stable performance over
a wide temperature range.

All standard types in low profile or upright constructions are designed for operation in grid connected RF filters or for applications with
higher operating voltages. Construction, production and testing of the chokes are in accordance with EN50178, resp. IEC 62109.
The plastic materials comply with the following UL standards UL94-V0/HB for small chokes (file number E41871) and UL1446
(file number 0BJY2.E329745) for temperature class B (130 °C).

Example: low profile upright profile
Toleranz der Stiftabstande Anschlisse frei von Kleber  Beschriftung: DC = Date Code
+0,3mm (pins free of glue) (marking) F =Factory
(Tolerances grid distance) ~ 8 5 Toleranz der Stiftabstéande +0,3mm
VAR ;;feeggrsa“eog) oL ] (Tolerances grid distance)
=3mm SURIERE DC = Date Code
%' 2 F DC m— F = Factory Prifmaty
] 15,24 4] (test dimension)
a e,
23 Tt ;
° o i (markmg)s.
DC F
\3\\../ 1
13,5
©350,5 > =23 | | 35%05
GENERAL INFORMATION
ly = nominal current in each winding
Uyoveatn,n = Operating voltage for overvoltage category lII/II
Ly = nominal inductance, tolerance +50 %/-30 %

Ambient temperature T, = -40°C.... +70°C (short-term +90°C)
Operating temperature T,, = -40°C... +130°C (short-term +150 °C)
Re,: winding resistance per winding

IZI: choke impedance

f.: choke resonance frequency

The standard chokes are designed for a temperature rise of AT = 45....60 K at T,=70°C and | =1 in each winding. Data derating is
necessary for deviating ambient temperature or deviating nominal current. Please contact VAC for further detailed information.

More detailed technical information and the data sheets are available at www.vacuumschmelze.com.
Please scan the QR-code belonging to this chapter which will lead you automatically to the respective site.
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1-PHASE CMCs

For comfortable CMC selections please download our software tool (requires Microsoft
EXCEL): VAC CMC Quick-Selector. I suitable standard CMCs are not available in the table
below, please contact us using our design check list (printed on page 26/27, QR-Code:
page 24). For testing purposes, VAC offers special sample kits consisting of standard CMCs
CMC Sample Kit (QR-Code page 24).

Further types

Table below

STANDARD SERIES CMCs FOR 1-PHASE APPLICATIONS

Part number| I, | Design U, L, Re, 1zl fa L Dimensions
T60405- OvCatlll/ll | 10kHz | 100kHz 100kHz 10kHz | | w h
A v mH mH mQ Q MHz | mA | mm | mm | mm
R6131-X402 | 2 upright | 300/600 |2x121| 2x2.8 |101.7| 3000 | 3.6 12 22 12 25
R6131-X204 | 4.5 | upright | 300/600 |2x10.8| 2x2.5 | 275 | 2320 1 12 22 12 25
R6161-X504 | 5 upright | 300/600 [2x28.3| 2x6.6 | 356 | 6500 | 0.4 10 27 17 29
R6166-X206 | 6 upright | 300/600 |2x291| 2x6.7 | 376 | 8500 | 0.25 | 14 35 21 37
R6166-X208 | 8.5 | upright | 300/600 |2x16.4| 2x3.7 | 191 | 4200 | 0.5 17 35 21 36.5
R6123-X210 | 10 | low profile | 300/600 |2x11.4|2x26 | 12 | 3200 | 0.7 16 35 35 23
R6166-X210 | 10 | wupright | 300/600 |2x11.4|2x26 | 127 | 3150 | 0.7 16 35 21 37
R6126-X212 | 12 | upright | 300/600 |2x114|2x26 | 9 2950 | 07 22 38 22 35
R6123-X213 | 12.4 | low profile | 300/600 |2x11.4| 2x26 | 88 | 2950 | 0.7 22 35 35 25
R6122-X095 | 13.5| upright | 600/1000 |2x16.9| 2x3.6 | 76 | 4000 | 0.7 22 41 21 37
R6102-X016 | 13 | low profile | 300/600 | 2x8.6 | 2x2.2 | 6.3 | 2250 1.1 28 35 35 | 225
R6123-X616 | 16 | low profile | 300/600 |2x12.9| 2x31 | 5.7 | 3000 3 26 40 40 24
R6126-X216 | 16 | upright | 600/1000 | 2x5.3 | 2x1.3 | 28 | 1300 | 35 40 | 415 | 235 | 40
R6166-X033 | 18 | wupright | 300/600 | 2x6 | 2x1.5 | 46 | 1600 1 35 38 21 38
R6166-X039 | 18 | upright | 300/600 | 2x2.9 | 2x0.7 | 3.9 830 3.3 50 36 21 38
R6123-X220 [ 20.5 | low profile | 300/600 | 2x1.8 | 2x04 | 32 500 1.5 | 40 35 35 | 235
R6123-X221 | 20 | low profile | 300/600 | 2x6.6 | 2x1.6 | 2.9 | 1470 4.5 35 43 43 24
R6128-X220 | 20 | upright | 600/1000 | 2x5.6 | 2x1.3 | 2.8 | 1300 | 3.6 40 42 27 38
R6123-X226 | 25 | low profile | 300/600 | 2x4.2 | 2x1 1.9 970 71 45 43 | 395 | 25
R6123-X227 | 25 | low profile | 600 /1000 | 2x12 | 2x2.8 | 3.5 | 2900 | 2.2 45 52 52 32
R6128-X225 | 25 | upright | 300/600 | 2x4.2 | 2x1 1.9 970 4.9 45 42 27 40
R6128-X226 | 25 | upright | 600/1000 | 2x12 | 2x2.8 | 3.3 | 3000 | 15 40 52 | 285 | 485
R6123-X232 | 30 | low profile | 600/1000 | 2x3.9 | 2x09 | 24 920 7 50 52 52 29
R6128-X031 | 30 | wupright | 600/1000 | 2x3.9 | 2x09 | 2.3 900 4 65 51 27 50
R6128-X230 | 30 | upright | 600/1000 | 2x6.3 | 2x1.5 | 23 | 1620 2.7 55 52 27 47
R6123-X241 | 40 | low profile | 600/1000 | 2x3.6 | 2x0.8 | 14 870 6 90 52 52 32
R6123-X248 | 46 | low profile | 600 /1000 | 2x2.5 | 2x06 | 1 660 57 | 100 57 51 33
R6123-X263 | 63 | low profile | 600/1000 | 2x1.6 | 2x04 | 05 390 9.3 | 120 56 56 32
R6123-X285 | 85 | low profile | 600 /1000 | 2x1.6 | 2x05 | 0.6 510 1.6 | 200 73 73 40
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3-PHASE CMCs

Tolerances grid distance

+0.3mm

= Factory

'IZ:)C = Date Code

T

Example outline of the 3-phase CMC T60405-S6123-X332.

Marking

VAX

DC

=

Separation
>5.5mm

Further types

Table below

STANDARD SERIES 3-PHASE CHOKES FOR 3-PHASE APPLICATIONS

Part number| 1, | Design U, L, Re, 1 fq lm Dimensions
T60405- OVCat /Il | 10kHz |100kHz | typ. |100kHz | typ. |10kHz| | w h
A v mH mH mQ Q MHz | mA | mm | mm | mm

56123-X306 | 7 | low profile | 600/1000 [3x31.8| 3x74 | 246 | 8650 | 0.23 | 22 | 405 | 40.5 | 325
56123-X310 | 10 | low profile | 600/1000 |3x13.9]| 3x3.2 | 14 | 3500 | 16 30 51 51 32
S6123-X308 | 11 | low profile | 600/1000 |3x10.6| 3x2.5 | 85 | 2600 | 0.8 35 42 42 32
S56123-X312 | 12 | low profile | 600/1000 | 3x5.7 | 3x3.7 | 11.8 | 2650 | 048 | 150 51 51 32
56123-X315 | 16 | low profile | 600/1000 | 3x4.3 | 3x1 29 | 1050 | 25 50 42 42 32
56123-X316 | 16 | low profile | 600/1000 | 3x4.8 | 3x3.1 | 6.5 | 2500 | 0.65 | 200 59 59 32
S6123-X317 | 16 | low profile | 600/1000 | 3x9.4 | 3x22 | 59 | 2400 | 1.5 35 | 515 | 515 | 34
S56123-X320 | 20 | low profile | 600/1000 |3x10.6| 3x24 | 41 | 2650 | 0.9 60 59 59 33
S6123-X321 | 20 | low profile | 600/1000 | 3x4.8 | 3x11 | 28 | 1200 | 24 55 52 52 34
S6123-X325 | 25 | low profile | 600/1000 | 3x2 | 3x1.3 | 227 | 1000 | 28 | 380 | 60 60 33
S6123-X326 | 25 | low profile | 600/1000 | 3x4.9 | 3x11 | 21 1150 2 60 | 515 | 515 | 32
S6122-X326 | 26 | upright | 600/1000 |3x10.6| 3x24 | 3.5 | 2500 | 0.9 55 64 35 65
S6122-X329 | 29 | upright | 300/600 | 3x3.6 | 3x0.8 | 17 850 3.3 80 64 32 58
S6123-X332 | 32 | low profile | 600/1000 | 3x1.2 | 3x0.8 | 14 600 49 | 480 | 59 59 33
S6122-X333 | 32 | upright | 600/1000 | 3x1.2 | 3x0.8 | 16 660 3.5 | 420 64 32 60
S6123-X140 | 40* | low profile | 600/1000 | 3x2.5 | 3x0.6 | 1.2 600 47 | 100 52 52 33
S6123-X240 | 40* | low profile | 600/1000 | 3x1.5 | 3x0.8 | 1.72 | 680 4 380 | 70 70 37
S6123-X363 | 63 | low profile | 600/1000 | 3x 1.6 | 3x0.5 | 0.72 | 500 1 170 70 70 42
S6123-X370 | 70 | low profile | 600/1000 | 3x0.8 | 3x0.5 | 0.86 | 415 1.7 | 900 | 82 82 50
S6123-X311 | 110 | low profile | 600/1000 | 3x0.7 | 3x0.6 | 0.63 | 430 1.3 | 1750 | 135 | 135 57
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4-FOLD CMCs

More detailed technical information and the data sheets are available at www.vacuumschmelze.com.

Please scan the QR-code belonging to this chapter which will lead you automatically to the respective site.

Table below

[=l;

[=]

i

STANDARD SERIES 4-FOLD CHOKES

Part number| I, | Design U, L, Re, 1l fa L Dimensions
T60405- OVCat lll/Il | 10kHz |100kHz | typ. |100kHz | typ. |10kHz| | w h
A v mH mH | mQ Q MHz | mA | mm | mm | mm
10**
S6123-X400 1p* low profile | 600/1000 | 4x6.9 | 4x1.6 | 766 | 1500 | 1.4 40 51 51 33
1 * %
S6123-X401 260* low profile | 600/1000 | 4x3.6 | 4x0.8 | 275 | 860 34 90 | 515 | 515 | 33
24
S6123-X402 30" low profile | 600/1000 | 4x3.2 | 4x0.7 | 1.5 750 35 | 100 | 60 60 | 335
2**
S6123-X403 340* low profile | 600/1000 | 4x1.4 | 4x0.3 | 0.82 | 360 7 160 | 60 60 33
*for T, < 60°C “*for T, < 85°C

CMCs FOR HIGH POWER CENTRAL AND
UTILITY GRADE PHOTOVOLTAIC-INVERTERS
UP TO THE MW-RANGE

' Design example: |

rms

—2x400 A, L=2x15mH, U =1000

mechanical dimension 276 mm x 287 mm
(without cable and cable lugs)

rms?
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FURTHER DESIGN SUPPORT

For CMC selections (even at deviating operational data) please download our software tool (requires Microsoft EXCEL) VAC CMC Quick
Selector which can be accessed using the QR-codes in this brochure that link to the product pages.

If you cannot find a suitable CMC from the listed standard range, please contact us using our design checklist.

[l

VAC Design Checklist
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For testing purposes, VAC offers special sample kits consisting of tape-wound cores Core Sample Kit VITROPERM and Common
Mode Chokes CMC Sample Kit.

Core Sample Kit (Content) CMC Sample Kit (Content)
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CMC DESIGN CHECKLIST (EN50178) - 1/2

For IEC 62109/IEC61800 please use the separate checklist from our website.

Company name: Contact person:
Address: Tel.:
[J New project E-Mail:
[ Replacement for:
Application | [ ] SMPS/UPS: Date:
(please specify in ; : )
et el [ Drives/Inverter: . Power: Project name(s),
[[] Solar/Photovoltaic: description:
[] Welding: kW
[] Other:
Expected annual Year 1 Year 2 Year 3 Year 4 Target price [€]:
usage [pes.]: Product life cycle [years]:
Sample quantity: pcs. Sample date: SOP:

Operational Characteristics

Number of windings:

Rated voltage ":

Nominal load current: A (RMS or DC) OVCat 3: V ORMS [ODC
Overload current: A for s OVCat 2: V. ORMS 0ODC
Nominal impedance: Q @ kHz Pollution degree (typ. 2):
Nominal inductance: mH @ 10 kHz Max. ambient temperat.: °C
mH @ 100 kHz Max. operational temp.: °C
Switching frequency: kHz Cooling mechanism: | [] Convection

Max. Common Mode Current: mA @ LF (<20kHz) |Forced cooling Fan:| I m/s
(leak. curr. / unbalanced current / noise) mA @ kHz Heat sink: | (] K/W
Leakage inductance: puH Copper resistance R¢,: Q
Results from own tests: Core: Casing construction:
No of turns: Design: | upright [ low profile (]
(Number of strands) x @c,: x mm PTH O | SMD [ | Cable Lugs []
Max. dimensions: W x D x H: x x mm Pinning already fixed: | [yes ‘ [Ino

K typically: Overvoltage Category 3 = connected to mains, Overvoltage Category 2 = not connected to mains

Additional Specifications

Electrical standards: | (1 EN50178 OuL [ other: [J none El(zeralsicfsz; (s)zpz\r;gt:aE;iLi?igt
Environmental demands: | Vibration: Humidity: Dust:
QM-Requirement: | (] ISO 9001 [1TS16949 ‘ [ Others:
Filter Design:
Filter: | 1-stage [ 2-stage [ | multi-stage [ (No. of stages: )
Schematic: | draft on page 2 [0 | separate attachment [
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CMC DESIGN CHECKLIST (EN50178) - 2/2

Further comments:

Draft of filter schematic:
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VITROPERM 712 F

NEW NANOCRYSTALLINE CORES
TO COVER FULL RANGE OF
COMMON MODE CURRENTS

Tape wound cores made of our new alloy VITROPERM® 712 F with a
permeability (u) of 12,000 close the gap between VITROPERM 500 F
(u=17,000-100,000) and VITROPERM 250 F (u=3,000-5,000).

VITROPERM 712 F offers medium bias current capability (LF and
HF) and superior broadband RFl-attenuation in comparison to
typical EMI ferrites.

TARGET APPLICATIONS
Wind Generators, High Power Solar Inverters, Variable Frequency
Drives, Automotive, Naval.

MATERIAL DATA OF VITROPERM 712 F (TYPICAL VALUES)
Saturation flux density 1.23 T (room temperature)
Coercivity (static) <3A/m

Saturation magnetostriction ~0.5x10°
Specific electrical resistivity 115 Q mm?/m
Curie temperature > 600°C

Upper operational temperature  plastic case: 130 °C*
core mat.  155°C
180°C (lim. time)

Typical permeability |, ~ 12,000 (10 kHz)

* Plastic cases suitable for upper continuous application temperatures of
155°C are available on request.

TYPICAL CHARACTERISTICS: VITROPERM — FERRITE MATERIALS

40x25%15 mm
10.000 -_____________3_-_1.‘\
R
= NN
= Ny
z N
-] T
© 1.000 BN N
WO

qE, =—VITROPERM 712F NN
a ~~~Typical p=10k EMI ferite (high quality) it

-=~Typical =10k EMI ferrite (medium cos) \:\‘ N,

Typical p=10k EMI ferrite (low cost) LR N
~==Typical =10k power fenite \: “\
100 | VN
0,001 0,01 0,1 1 10 100

frequency [MHz]

VITROPERM 712 F offers significant advantages in volume and
performance for RFI-noise suppression and is the ultimate choice
for reducing bearing currents of inverter driven motors.

Due to high saturation flux density of VITROPERM suitable
impedance values in optimized space can be achieved for common
mode noise reduction.

In summary, common mode chokes using cores made of

VITROPERM 712 F offer the following impressive features:

e saturation current 2.5...4 times higher compared to ferrites with
= 10,000 for same core size and same number of turns

e proadband insertion loss characteristic

e small choke size for volume and weight optimized solutions
especially for One-Turn-CMC

EXAMPLES FOR DIFFERENT VITROPERM CORES

Size: 40 x 25 x 15 mm (finished: 43.1 x 22.5x 18.5 mm)
A.,=0.86 cm?, I.,,=10.2 cm, typical values

VAC Intrinsic A Saturation current
alloy permeability 100 kHz 1, at 20°C, ~70% B,,
brand 10/100 kHz, 1turn
VP500F =~ 100,000 23.1 uH 0.45/1.0A

VP 500F ~ 24,000 17.2 UH 29/44A
VP712F =12,000 111 pH 57/6.5A

VP 250F ~ 4,500 41 uH 16.9/174 A

All'listed cores are in plastic cases to achieve good mechanical protection.

12000
Lo, —— 40%25x15 mm, 1 Turn
X =10 kHz
10000 — ™\
EN \‘\
\‘\ ‘\
= 8000 O
2
2 | —VITROPERM 712F
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2 4000 Q
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THE COMPANY
VACUUMSCHMELZE

VACUUMSCHMELZE GmbH & Co. KG (VAC) is one of the world’s leading producers of
special metallic materials with particular physical properties and products produced
from them. With approximately 4,300 employees worldwide, the company is represented
in 50 countries and currently achieves a turnover of approximately EUR 380 million.
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THE COMPANY
VACUUMSCHMELZE

Advanced Materials — The Key to Progress

VACUUMSCHMELZE GmbH & Co. KG is one of world's
leading producers of special metallic materials and re-
lated products. Our wide range of high quality semi-
finished products, parts, components and systems are
used in virtually every field of electrical and electronic
engineering. This makes us one of the few global com-
panies to offer its customers the complete range of
magnetic technology products from a single source —
from magnetically soft products to the most powerful
permanent magnets in the world.

In all our activities, we benefit from our highly devel-
oped material expertise and our decades of experience
in magnetic technology. As early as 1923, we became
the first company to introduce alloy smelting in a vac-
uum on an industrial scale and it was from this process
that the name VACUUMSCHMELZE was derived.

One of our great strengths is our versatility. All of the
world's key industries rely on products and expertise
from VACUUMSCHMELZE, with our principal customers
active in drive and installation technology, medical
technology, renewable energy, automation systems,
process and control engineering, measurement tech-
nology, as well as the very important automotive and
aerospace industries. VAC's dedicated solutions are
developed in close cooperation with customers and re-
flect the highest levels of material and application ex-
pertise combined with the latest production technolo-

y.
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ACTIVE

GURRENT SENSORS

FOR PCB MOUNTING

VAC CURRENT SENSOR SERIES

VAC offers several series of active current sensors for print
mounting in which the primary conductor is integrated. The
electronics of the new VAC current sensors are almost com-
pletely concentrated in a novel ASIC developed jointly with a
leading semiconductor manufacturer. Despite the compact
design, all types offer the detection of high maximum and
continuous currents.

TYPICAL APPLICATIONS

e Frequency converters for drives
e Photovoltaic inverters

e \Wind power converters

e Charging stations for e-mobility
e \Welding inverters

e Switched mode power supplies

TYPICAL PROPERTIES

e Closed-loop current sensors with the VAC-invented
magnetic probe as zero field detector

e Standard series for nominal currents from 6 to 100 A and
peak currents up to + 200 A in compact designs

e types for + 5 Volt power supply with voltage output
e types for + 12 ... 15 Volt power supply with current output

e very good measuring accuracy, minimum DC offset with
very low hysteresis

® negligible output noise

e very low temperature dependence and long-term drift of
the output variable

e |ow rise time, wide frequency range
e cost-effective construction
e dimensions and pinning compatible
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NEW ASIC

A newly developed ASIC contains most of the electronics for
the £12, £15 or 24 Volt-powered sensors with current
output. The new sensors are available under the family
designation T60404-N4648 - X ... They are fully compatible
with previous models.

TESTED ESD STRENGTH AND EMC-IMPROVED
SENSOR TYPES

Our current sensors offer a high ESD strength, which we
document gradually in the data sheets. We also offer new
series with increased electromagnetic compatibility under
the family designation T60404-N4647-Xxxx.

You can find more information about our innovations in the
technical appendix at the end of this brochure.
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TYPE SERIES OF VAC CURRENT SENSORS

Item no. °
Type T60404-N... o 2 o =
o H e > g
- 2 g |Ex=
o = = =] 0 3~ @
2> o | 5|5 5 |225Z|s | 2 £
S~|57% s 3 | E S S So2a| £ W=
ELgL2 | Bl = |2 |8 | 8 |232/8 |3z, &
ox| 8= S = 2 | E > =2 SHaoT| o—| '
=® E Q| « 5 E— @ = S g e~ 8 S =l &
2 5 %3 E g T | <2 8 |B4E3| 8 |8 8
£ ES 52| S = [ a=| & ARES| L. |2x<| =
[°C] kHZ |
Al | [Al a0t0| M| [mm] [V] DCto | L7
4646- =20 [1:2000
X653345 3 +10 [2:2000{ U +85 | +5 7 300/650 | 200 | 0.7 1
2 +7 |3:2000
seag. |15 |51 [1:2000
652345 75 | +25 |2:20001 U +85 | +5 7 300/650 | 200 | 0.7 1
5 +17 |3:2000
seas. |25 |+88 |1:2000
651345 12 +42 12:2000{ U +85 | +5 7 300/650 | 200 | 0.7 1
8 +28 |3:2000
4646- 50 +150 | 1:1400
X654345 12 +75 [2:1400| U +85 | +5 7 300/650 | 200 | 0.7 1
8 +50 |3:1400
4646-

yeg3zés| 6 |£20 [1:2000

sear. |3 |10 |22000] U | yes | +85| +5 | 77 | 300/650 | 200 | 07 | 2
“2 |7 (32000

X663'2¢°

4646-

X662245 15 +51 1:2000

75 |25 [22000| U | yes | +85| +5 | 77 | 300/650 | 200 | 07 | 2
|8 | =17 [3:2000
4646-
yearis| 25 |85 [1:2000
12 |+42 [22000] U | yes | +85| +5 | 77 | 3006650 | 200 | 07 | 2
toiais|8 |28 |3:2000
4646-
X664245 50 +150 | 1:1400
12 |75 [21400| U | yes | +85| +5 | 77 | 3006650 | 200 | 07 | 2

Y| 8|50 31400
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Item no.

Type T60404-N... 2 S =
- g o =
S i ® £_E
S o E [ ST =
EE = g % iggﬁ o o| £
=| 2= 2 2 S ® s EQ 3|2 o| 5
E = b = - (= > 8 ~ 2 = g [\ o
e—| 3 s S | E S S S5 20| & | =
L8 = s L 2 ° S =S=-2 2 2 S
3| 22| B S| 5|2 |3 S |Eugx |28 |8~ =€
=9/E5|» | E| 2|8 |2 | & |E=52|8 |53 £
SEHELE | B T2 8 g |2852|8 |89 8
& E =522 3 =S |25 3= & ARES|E.|Ix| =
°C) K
W W Cllm | mm | v | B2
4646-
y7g3ed 6 |20 [1:2000
3 [+10 [22000( U | yes | +85 | +5 |96/106| 600/1060 | 200 | 0.7 | 3
ol |15 |5 |4:2000
4646-
X7622’4’5 15 +51 1:2000
sar. |75 |255(22000) U | yes | +85 | +5 |96/106 | 600/1060 | 200 | 07 | 3
) 375 | 12| 42000
4646-
y7pies 25 |85 [1:2000
12 |+42 [22000] U | yes | +85 | +5 |9.6/106| 60011060 | 200 | 07 | 3
o8 |21 |4:2000
4646-
y7paeee| 50| %150 |1:1400
12 |+75 |21400| U | yes | +85 | +5 |9.6/106| 6001060 | 200 | 07 | 3
o6 | £375]4:1400
4646-
yagges |50 | +150 |1:1400
25 |+75 |2:1400| U | yes | +85 | +5 [102/10.2| 600/1020 | 100 | 0.7 | 4
iggg;% 17 |+50 |3:1400
ijgfgs 100 | +200 | 1:1100
Jear. |50 | 100 [21100| U | yes | +85 | +5 |10.2/102| 600/1020 | 100 | 07 | 4
Yagies 33 | +66 |3:1100
seds. |25 |+85 [1:1000
300 |12 | =43 |2:1000 1
8 |+28 |3:1000| | +85 | .5 102/102] 600/1020 | 200 | 05 | 5
464816 | <21 |41000
K300° 5 |447 {51000
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Item no. °
Type T60404-N... o 2 i
H s > B
S o S_E
o = [-*3 =
§ = . | g |Sw2s| o| 2
= 22 2 2|3 ) g g’a_"g 2 o| 5
- £ = s | = > S SOsST| 5 N S
g — | =3 © = £ ] -_— = 5 LN | = M —
cilat|le S| 82 |5 S e=-5o| » gl 8
55380 8 S 5 | = S & |SE8% |8 & g
Q| EZ| & = 2 | 3 > s Egc—| 8 S ..| ®
5% e |B| %28 | £ |8:25/8 |20 &
S E2EHEs 3 S| E5Es & |a8EE|E_| 22 2
[°C] [kHZ]
W | W bl m | mm | | 2 g
4646-
va00 |25 |=130 | 1:1000 1o
10 |65 [21000( | +85 | 2 [102/102| 600/1020 | 200 | 05 | 6
Yoo |8 | =43 |31000
4646-
wat0 |50 | +128 [1:1000 10
20 | =64 |2:1000] | +85 | 2 |10.2/10.2] 600/1020 | 200 | 05 | 7
po |15 {43 |3:1000
4646-
wato | 100 | 175 [1:2000 10
35 |82 [22000| | +85 | ¢ |10.2/10.2| 600/1020 | 200 | 05 | 7
w25 | 88 |3:2000
4646-
vat3 | 100 |=208|1:1500 10
35 | =104 |21500| | +85 | ¢ |10.2/10.2] 600/1020 | 200 | 05 | 7
w25 | 69 |3:1600

T Types 4647 have additional measures to improve EMC. They are fully compatible with the corresponding types 4646. See also the technical appendix.
2 Reference voltage output 2.5 + 0.005V. Ri=670 Ohm. Can be overwritten and therefore used as an input for an external reference. Voltage range 0 ... 4V.

3 Types without reference voltage input/output (V.,—pin): For new developments we recommend the use of the types of 4646-X66x or 4646-X76x with refer-
ence voltage input/output to achieve higher measuring accuracy.

4 The rated current for these types is only a reference value. They all can be used up to the maximum ambient temperature, loaded with the following rms values

per primary turn: 17 A in parallel connection, 12 A in series connection. Within these limits, the sensor type can be selected according to the measuring range.

5 V=V (0.625%1,/1py), resp. Va=2.5V = (0.625*15/1y).
Examples, type 4646-X761: Primary current (peak) =85A. Output voltage range (peak)=2.5V + (0.625*85A/25A)=0.375V ... 4.625V
Primary current (RMS) =20A. Output voltage range (RMS)=0.625*20A/25A=0.5Vins

5 Types 4648 are equipped with a new ASIC. They are fully compatible with the corresponding types 4646. See also the technical appendix.
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MECHANICAL OUTLINES
Drawing no. 1 Type
6 4 T60404-N4646-X651
) - L Tolerances grid distance +0,2mm T60404-N4646-X652
<14 : - 12,7 T60404-N4646-X653
- - - J T60404-N4646-X654
i ! 22,2 * e

10

3,5£0,5

‘\ ]
0,46x0,46

2x2,54
=5,08

DC = Date Code

F =Factary
Drawing no. 2 Type
~ Tolerances grid distance =0,2mm T60404-N4646-X661 / 7-X661
i
T60404-N4646-X662 / 7-X662
i T60404-N4646-X663 / 7-X663
T60404-N4646-X664 / 7-X664
BRI
1
i 1
1 I'I‘ | EEEN
214, | \ A
1905 1 1e' \ 046x0,46

Photos for illustration purposes only
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Drawing no. 3

Type
T60404-N4646-X761 / 7-X761

Tt T60404-N4646-X762 / 7-X762
T 21 9055 'zl"”‘"'_r"”" 12.7 il T60404-N4646-X763 / 7-X763
v ] i | y T60404-N4646-X764 / 7-X764
254'5 e
1016 |76
22
1 A WAX oc ) test dimension
F
24 Tolerances grid distance £0,25mm
0.5 +{},1
0
vy ¥
;
A
Drawing no. 4 Type
T60404-N4646-X460 / 7-X460
BB, Tolerances grid distance £0.2mm  T60404-N4646-X461 / 7-X461
e 3%1.905) 5,715
1,905 - .
‘|,?4“r L /“ S 'D;tall' -
I 3 sl |
1,43 gL ¥ ; e
199 e 1It,—_,— D,T] -
A EE L
(2.54T_ =—+ ol |g2x2.54
12,065 7.75
B S < <445
t?.s o
21
* Y
A 111 3,5£0.5 | | §
0,65 T T 4
4x 0,7x0,6 6Gx @15
L VAX = DC = Date Code

F= Factory

Photos for illustration purposes only
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Drawing no. 5

Tolerances grid distance +0,3

10,16 (4x2,54)

Type

T60404-N4646-X300 / 8-X300
DC = Date Code
F = Factory

Numbers 1 - 13 not imprinted

Y
A 344 I
[ i
8,89 i i g
- A Jeeees | -
' 1T = Il T 777 /4 \¥
11 13) F DG
! 12] 1
¥ 544 o ! ) I, +U, -Ug
f o 1524 03,
- 26 - <« 163 3,5-0,5
Drawing no. 6 Type
T60404-N4646-X400 / 8-X400
33,25
- - Tolerances grid distance +0,2mm
2x2.54 =5,08
1,905 z
| + E g / 4 6 Detail
1,74 ;-'{L___¢,,:-1_. Z 0,6
3 *7_! .- i
11.431 = i
N 3 |
129 === =i o — 0,7 ] ]
' > - 'BEHE L '
(2.64) /g «2X2.54
12,7
' 7,75
F DC 14,45
i
v 7.6 o
21

v
i

0,65

!

3x 0,7x0,6

!

VAX

I I I 3.5¢0.5

1)
A

6x @1,0

DC = Date Code
F= Factory

Photos for illustration p

urposes only
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Drawing no. 7
Tolerances grid distance
= 33,25 >l +0,2mm
2x2.54 =5,08
1,905 7 Detail
174} | L L) /2 e — ‘
| ] [ 1 = 06
I 3 i |
11,43 - £ b
1,29 = “!“f' 2o ot L
- ! 3 1 '
(2.64) Mg ol lg2x2.54
/ 157 7,75
F DC LA .

-
=~
=]
1]

21

: | | —T T

0,65 T T A

Ix0,7x06 6Bx@15

Ll

DC = Date Code
o ¢ VAR = F= Factory

Type

T60404-N4646-X410 / 8-X410
T60404-N4646-X412 / 8-X412
T60404-N4646-X413 / 8-X413

Photos for illustration purposes only
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TECHNICAL APPENDIX

FUNCTIONAL PRINCIPLE OF THE VAC COMPENSATION
SENSORS

The current |, to be measured generates a flux in the soft
magnetic core. The sensor electronics generates a flux in
the opposite direction via the compensation current I5 and
controls the sum of the fluxes to zero. This is done by means
of a magnetic field probe, which is located in the air gap
of the core. At frequencies above a few kHz, the magnetic
system consisting of the primary winding, the magnetic core
and the secondary winding functions independently of the
electronics as a current transformer.

The compensating current corresponds in amount and
shape to the primary current divided by the number of turns
of the secondary winding. A voltage can be derived from the
measuring resistor.

The main advantages of the closed loop current sensors
are their high measuring accuracy, as well as their low rise
time and wide bandwidth. VAC closed loop sensors with
magnetic probe achieve an even higher accuracy over the
entire application temperature range than their counterparts
with Hall element and have a minimal noise component in
the output signal.

Primary

Conductor Magnetic Field

Detector

Com-
pen-
sation
Coil

Electronic
Circuit

R Output
B
\oltage

Magnetic
Core

CURRENT SHAPES

The operating currents to be measured in the power
electronics are, as a rule, direct currents or alternating
currents up to a maximum of a few 100 Hz with a high
amplitude. They are superimposed by the switching currents
of the power semiconductors, which reach into the single to
medium double-digit kHz range and have harmonics up to
the three-digit range. Their amplitude is lower by one order
of magnitude. Our current sensors are designed for this type
of current. If the amplitude of high frequency components
is permanently much greater, an excessive heating of the
sensor core may occur. So, apart from the level of the
current to be measured, its shape also has an influence on
the losses and thus the heating of the sensor.

ACTIVE CURRENT SENSORS FOR PCB MOUNTING VAX
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NEW ASIC LEADS TO IMPROVED SENSOR FAMILIES

A new IC, developed jointly with a leading semiconductor
manufacturer, contains most of the electronics for the =12,
+150r +24 V-supplied sensors with current output.

Only a few discrete components are required. This improves
statistical reliability, e.g. the MTBF and FIT rates. In addition,
the new IC includes a further improved operational reliability
after undefined operating conditions, e.g. temporary supply
voltage dips or switching on the supply voltage with the
primary current already present.

The new sensors will have item number range
T60404-N4648-X ... They are electrically and mechanically
fully compatible with corresponding types of families
T60404-N4646-X ... For new designs, we recommend the
new series.

EMC-IMPROVED SENSOR TYPES

Under very unfavorable circumstances, the current
sensor can be influenced by irradiation of high-frequency
interference. As a rule, such disturbances are kept away by
the shielding effect of the housing of the user device. This
device is tested according to the relevant standards, with-
out a single component contained therein, e.g. the current
sensor, being exposed to the test radiation in full intensity
atall.

In some cases, however, the corresponding electromagnetic
compliance is already required by the sensor itself. For this
purpose, VAC offers EMC-improved versions of our 5 Volt-
powered sensors with voltage output.

They have been tested according to EN 61000-4-3: 2010
with a field strength of 20 V/m and 80 % AM with 1 kHz over
a frequency range from 80 MHz to 1000 MHz. The detected
measurement deviations were always below 2% under
these conditions. In our data sheets we state a maximum
permissible deviation of 5 %.

The new sensors are introduced gradually. They are given
the item number range T60404-N4647-Xxxx and are
fully compatible with corresponding types of the T60404-
N4646-Xxxx families.

ESD-STRENGTH

Our current sensors generally fulfill the following ESD
strength according to DIN EN 6100-4-2: 2009:

Contact discharge at all connection pins; + 8 kV

Surface discharge at the sensor housing: =+ 15 kV

THE OFFSET RIPPLE

The quiescent signal of the VAC sensors has practically no
noise component. The so-called “Offsetripple” iygs, Which is
shown in our data sheets, is actually not an offset. Instead,
it is the not completely suppressed residual of the internal
clock signal of the magnetic probe. The frequency of this
signal is approx. 400 kHz. It is zero-symmetrical and does
not affect the measuring accuracy if it is integrated over at
least one period. Also it can be further reduced with a simple
low-pass filter (capacitor parallel to the measuring resistor).
Information on this can be found in the data sheets.
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TYPICAL PERFORMANCE

Measured at VAC sensor with unipolar +5V supply and volt-
age output.
160404-N4646-X661, |,,=25A, |5, =+ 85A.

TEMPERATURE RESPONSE OFFSET

Low offset, aimost temperature-independent, 0.025
easily compensatable (I,=1,) T
0.015
- 1
= 0.005
)
N
s -0.005
= 1
-0.015
-0.025
-40 20 0 20 40 60 80 100 120
T[°C)
TEMPERATURE RESPONSE GAIN
Low gain-error, almost temperature-independent (l,.=l,,) 2

Gain Error [%)]
(en]

-2
40 -20 0 20 40 60 80 100 120
T[°C]
PULSE RESPONSE
The output signal V,,, (here expressed as the equivalent of 128 L
the input current) follows the input signal I, with negligible 60 I i
delay and adapts quickly to the static value. Shown here for = 40 L
l,=25Aand |,=80A. ~ o0+
0t
_20 1 T 1 1 1 1 1

o 1 2 3 4 5 6
t/us
—Ip [A] — I(Vou) (Al — Ip [A] — I(Voy) [A]
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THE COMPANY
VACUUMSCHMELZE

Advanced Materials — The Key to Progress

VACUUMSCHMELZE GmbH & Co. KG is one of world's
leading producers of special metallic materials and
related products. Our wide range of high quality semi-
finished products, parts, components and systems are
used in virtually every field of electrical and electron-
ic engineering. This makes us one of the few global
companies to offer its customers the complete range of
magnetic technology products from a single source —
from magnetically soft products to the most powerful
permanent magnets in the world.

In all our activities, we benefit from our highly devel-
oped material expertise and our decades of experience
in magnetic technology. As early as 1923, we became
the first company to introduce alloy smelting in a vacuum
on an industrial scale and it was from this process that
the name VACUUMSCHMELZE was derived.

One of our great strengths is our versatility. All of the
world's key industries rely on products and expertise
from VACUUMSCHMELZE, with our principal customers
active in drive and installation technology, medical
technology, renewable energy, automation systems,
process and control engineering, measurement tech-
nology, as well as the very important automotive and
aerospace industries. VAC's dedicated solutions are de-
veloped in close cooperation with customers and reflect
the highest levels of material and application expertise
combined with the latest production technology.
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THE COMPANY
VACUUMSCHMELZE

We are a global company with our headquarters in Hanau, Germany. We currently have
approximately 4300 employees who are spread over production and sales locations in
more than 50 countries on every continent generating annual sales of approximately

EUR 380 million.
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MAXIMUM ACCURACY

GCURRENT SENSORS

FOR PANEL MOUNTING

VAC is the technology leader in DC and AC current sensing,
providing a wide range of products to the industry. VAC
owns state of the art R&D facilities and worldwide manu-
facturing sites, offering outstanding product quality at low
cost.

Major applications for the VAC current sensors are variable
speed drives, photovoltaic inverters, welding inverters,
switched mode power supplies. The detectable currents
range from a few amperes to more than 2000 amperes. Our
differential current sensors measure even in the range of
several ten milliamperes.

If the current of the application is more than 100A or even in
the four digit range, the current sensor is mounted on the
equipment chassis and the supply and signal connections
are contacted via plug.

The VAC model series in this segment are designed for
maximum rated currents from 500 to 1000 A with measur-
ing ranges up to 2500 A. They operate from a symmetrical
voltage supply with usually =15 volts or =24 volts. The
output signal is a current.

The VAC-invented measuring principle of the closed-loop
sensor with magnetic probe as a zero field detector is
distinguished by maximum precision of the current detec-
tion. It is at least twice as accurate compared with even the
latest closed loop Hall-effect sensors and by far better than
any open loop sensor.

BENEFITS

e very good accuracy (gain error typ. 0.1 %). Minimum DC-
offset and hysteresis

e negligible temperature drift, excellent long-term stability
of the output (typ. 0.1 % over the temperature range
-40 ... +85° ()

e insignificant output noise

e |ow rise time (typ. < 0.5 microseconds), wide frequency
range (e.g., DC to 100 kHz or 200 kHz)

© high operational safety, i.e. recovery after clipping,
or power supply failure

e great robustness against HV transients, pulse currents,
ESD, external DC or AC fields

© high reliability by electronics largely realized in application
specific integrated circuits

e cost-effective design, mass production on highest
qualitative level

e dimensions and pinning compatible to common industry
standards

e relevant international standards are met,
UL approved
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Fig. 1: Accuracy (relative) at room temperature and at the most critical temperature -40°C 1000 A sensor T60404-P4640-X150
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Fig. 2: Step response 1000 A sensor T60404-P4640-X150 (screenshot). Horizontal 2.00 ms/div, vertical 200A/ div
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Fig. 3: Frequency response 1000 A sensor T60404-P4640-X150

frequency [Hz]
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TYPE SERIES OF VAC CURRENT SENSORS

VAC Rated current |Max. measuring | Ambient Turns ratio Supply voltage | Frequency
Item no. low, ms@Ky=1:N | range temperature Ky vV, range
Type T60404-... lp,.., @V, =+ 15V | FANGe f
or 24V Ta
Vi TA,max‘)@ Rmeas
[°C] [kHz]

[Al e [ +40 1o [Vl DCto

500 +70
N4648-X052? 400 +700@10 +85 1:2000 +15 50

250 +105

500 +70
N4648-X053? 400 +700@10 +85 1:2000 +15 50

250 +105

700 +70
N4648-X054"2 400 +1250 @10 +85 1:3000 +15 50

250 +105
N4648-X0562 500 + 1000 @ 10 +75 1:3000 +24 50
P4640-X100 1000 +1340 @10 +85 1:5000 +15 100
P4640-X101 1000 +1340 @10 +85 1:5000 +15 100
P4640-X102 1000 +1340 @10 +85 1:5000 +15 100
P4640-X150 1000 +2150 @10 +85 1:5000 +24 100
P4640-X151 1000 +2150 @10 +85 1:5000 +24 100
P4640-X152 1000 +2150 @10 +85 1:5000 +24 100
P4640-X153° 1000 +2150 @10 +85 1:5000 +24 100
P4640-X154 1000 +2150 @10 +85 1:5000 +24 100
P4640-X156 1000 +2150 @10 +85 1:5000 +24 100
P4640-X157¢ 1000 +2150 @10 +85 1:5000 +24 100
P4640-X159° 1000 +2150 @2 +85 1:4000 +18 100

Remarks

The output variable of these types is always a current.
(1) This type has a differential output whose potential changes depending

on the signal polarity. To establish a ground reference, it is imperative

to put an external differential amplifier behind it.

(2) For new applications, these types replace the suitable types of the

series N4644-X ...

(4) EN 61800-5-1, reinforced insulation, insulation material group 1,
pollution degree 2, overvoltage category 3
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Creepage/ System/working voltage |Primary Secondary |Moulded Dimensions
clearance acc. to EN 61800-5-1 connection | connection approx.
Voltage Potential
Difference acc. to UL 508°
[xwxh
[mm] (V] [mm] [mm]
14/ 20 600¢/ 1000* / 600 g%e)?';‘g Molex 5045 no 56 x 46 (26) X 56
14/20 600* / 1000* / 600° x| Molex5045 yes 56 x 46 (26) x 56
14/20 600%/ 1000° / 6008 %%e;“;‘g Molex 5045 yes 56 x 46 (26) x 56
14/20 600%/ 1000° / 6008 g%e;“;‘g Molex 5045 yes 56 x 46 (26) x 56
4 4 5 opening
20/ 20 10004/1000% /1000 40 x 20 (40) Molex 7478 yes 90 (110) x 34 x 95
opening i
20/ 20 1000%/1000%/1000° 40 20 (40) JST B3PS-VH yes 90 (110) x 34 x 95
4 4 opening o
20/ 20 10004/1000%/1000° 40 x 20 (40) Molex Minifit jr yes 90 (110) x 34 x 95
4 4 s opening
20/ 20 10004/1000%/ 1000 40 x 20 (40) Molex 7478 yes 90 (110) x 34 x 95
4 4 s opening i
20/20 1000%/1000%/1000 40 x 20 (40) JST B3PS-VH yes 90 (110) x 34 x 95
4 4 5 opening e
20/ 20 10004/1000%/ 1000 40 X 20 (40) Molex Minifit jr yes 90 (110) x 34 x 95
opening JST B3PS-VH
20/ 20 1000%/1000%/ 10008 40X 20 (40) | bottom left yes 90 (110) x 34 x 95
openin JST B3PS-VH
20/ 20 1000%/1000%/1000° 40 520 (910) JST B3PS-VH yes 90 (110) x 34 x 95
90° angled
opening JST BHO3B-
20/ 20 10004/1000%/1000° 40 x 20 (40) XASK-BN yes 90 (110) x 34 x 95
. . 5 opening | JST B3PS-VH
20/ 20 10004/ 14414 /600 4020 (40) | top central yes 90 (110) x 34 x 95
opening P
20/20 1000%/1000%/1000° 40 x 20 (40) Molex Minifit jr yes 90 (110) x 34 x 95

(5) clearance and creepage distances, voltage potential difference ac-
cording to UL508, Table 36.1.

(6) Models under preparation

Other types (for example, with other connectors) are available. Thank you

for your inquiry.

For the most recent information and additional information, see our data
sheets under www.vacuumschmelze.com > Products > Cores & Inductive
Components > Applications > Current Sensors/ Transducers
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MECHANICAL OUTLINES

Drawing no. 1

Type
T60404-N4648-X052

4.5
. s T60404-N4648-X053
= mounting holes:
o U1 o S T60404-N4648-X056
A6 o : o
: ", [ [ R S—— General tolerances DIN ISO 2768-c
o 0
' ML @ Pin Assignment
" [0 ]| 1 +U,
a8 125 2 U,
s 3 | (output current)
=38 4 Internal GND (can be omitted)
N
(16,55 Connector
Mobex 5045-04/AC
1340,5 —*s 2 12,1 'l @]
=56 1 l
25 45
VA
[
| st s ot | Dc-0at Coce
Drawing no. 2 Type

—»4'5 Tolerance of
' mounting holes
i ) +0,5mm
[ -
<48 o o]
- [ R N—  R——
| o] i [s)
) i
45 | 12,5
;
3rs
=56
T marking
F
(16,55, s Connector
M Molex S045-04/AC
[ ==
13405 " — o 2.1
s el
o0
15 w

 —— measured al the bottom
30 ﬁi of the connector barriers

T60404-N4648-X054
General tolerances DIN ISO 2768-c

Pin Assignment

1 +U,

2 -U,

3 | (output current)

4 U, (never connect to GND)

DC=Date Code

| olnlnloll  oeome

Photos for illustration purposes only
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Drawing no. 3

Type
T60404-P4640-X100

100 R 0C =Date Code T60404-P4640-X101
5 =Factory
’. 2 I T60404-P4640-X150
: —_— ! O T60404-P4640-X151
&) : Prtman;
- 1 | t (test dimension)
" {j General tolerances DIN ISO 2768-c
q'“ \—4 *02.25 10 tief Connector: Molex 7395 (3 Pin)
321 oonnacior
E«” ! ' = Pin Assignment
\—‘9’5-3 1 nc
2 -U,
(poing) 3 +U,
- 4 | (output current)
© o m | o
L — Tia - —-T- e e 15
405 o t o 1 L o
78 " _/
110 0.3 4 - :llzll
Drawing no. 4 Type
o N T60404-P4640-X102
=Date
57 F =Factory T60404-P4640-X152
'ﬂ'l 4,2
. I 'E. - - General tolerances DIN ISO 2768-c
ar 10 D = = = — Test dimension
o & © Connector: Molex Minifit
I IL43M.25 10 desp
’m Pin Assignment
1 z‘j Y ] 1 nc
Q)E B @ o | ) 2 -,
\ 3 +U,J
[pa8
& . 9/ Pottng 4 | (output current)
o, 1 P
o 3 . G| —vanwng
= ..,'_ 32 = ol T __________ _!_ ________________ | 5
405 "1" | 1 V
" of 1w | | o)
110 0.3 ! 34 U L

Photos for illustration purposes only
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Drawing no. 5

100 DC =Date Code
57 F =Faclory
. [ q[ : | 04,2
© $ i osa )
27 | 25t dimension
19 tol—H—
Fan
ey e
= :
\—41 22,25 10 deep
)

Type
T60404-P4640-X153

General tolerances DIN ISO 2768-c

Connector: JST B3PS-VH

Pin Assignment

1 -U,
= ' N T 2 | (output current)
-—Q-_)) XM @53 { 3 +U,
= | [
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Drawing no. 6 Type
T60404-P4640-X154
100 DC =Date Code
57 F =Faclory
General tolerances DIN ISO 2768-¢
R .
z W[ | g | ® testcimasion Connector: JST B3P-VH
{} _5:« . I
L Pin Assignment
—— @) 4 x 32,25 10 deep 1 -Ub
e 4 2 |, (output current)
. N | ﬁ s
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Drawing no. 7
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Drawing no. 9
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Type
T60404-P4640-X159

General tolerances DIN ISO 2768-c
Connector: Molex Minifit Jr.

Pin Assignment

1 nc

2 -U,

3 Is (output current)
4 +U,
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RECOMMENDED CONNECTORS

Type Gonnector on Gounterpart Counterpart
the VAG sensor connector housing connector contact
N4648-X052
Molex 51191 Molex 50802
N4648-X053 Molex 5045 p/n 22-04-1041
N4648-X054 (4 ctk.) or compatible
Molex 5051 Molex 2759 or 5159
N4648-X056
P4640-X100 Molex 7478, 6410, 7395
X , Molex 2695 or 6471 (3 ctk) | Molex 2759 or 4809
P4640-X150 (3 ctk.) or compatible
P4640-X101
P4640-X151 JST B3PS-VH(LF)(SN
( ),( ) JST VHR-3N JST BVH-21T-P1.1
P4640-X153 (3 ctk.) or compatible
P4640-X154
P4640-X156 JST BHO3B-XASK-BN XAP-03V-1 JST SXA-001T-P0.6
P4640-X102 -
P46A0-X152 Molex Minifit r. 5569 Molex Minifit jr. 5557 Molex 5556 o 45750
(2 x2ctk)
P4640-X159

MAXIMUM ACCURACY CURRENT SENSORS FOR PANEL MOUNTING KAX

13



TECHNICAL APPENDIX

CURRENT WAVEFORMS

As well as the amplitude, the waveform of the current to be
measured has an influence on the losses and thus the heat-
ing of the sensor. The operating currents to be measured in
power electronics are usually direct currents, or alternating
currents up to a maximum frequency of several 100 Hz, with
a high amplitude. They are superimposed by the switching
currents of the power semiconductors, which are in the single
digit to mid double digit kHz range and have harmonics up
into the triple digits. Their amplitude is lower by an order of
magnitude.

Our current sensors are designed to operate with such
primary currents. However, when the amplitude of the high
frequency components is continuously much higher, it can
lead to excessive heating of the sensor core. The heating
also depends on the location of the primary conductor in the
sensor opening and the position of the return conductor
relative to the sensor.

POSITIONING OF THE PRIMARY CONDUCTOR IN
CURRENT SENSORS WITH A PRIMARY OPENING
In compensation sensors, a magnetic flux generated by the
primary current is detected in the sensor core and compen-
sated for by an equally large flux of reversed polarity.

Although our sensors are magnetically very robust in design,
the optimal function of this measuring principle is not
completely independent of the position of the conductor in
the magnetic circuit, or of the position of external current-
carrying conductors relative to the magnetic circuit and the
zero-field probe sensor. Also of importance are the amplitude
and frequency of the current. The resultant influence can
affect the dynamic characteristics of the sensor, the measur-
ing accuracy at high levels and possibly heating.

Generally, the best results are achieved if the conductor is
put centrally through the sensor opening and the immediate
area around the current sensor is kept free of conductors
carrying high currents.

More information is available on request.

o)

| 7
L 4 |
| 11 ° °

Location of the magnetic probes in the sensor families N4648-X0xx und
P4640-X1xx
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TECHNICAL APPENDIX

CONDUCTED AND RADIATED EMISSIONS

Under very unfavourable conditions, there may be an influence
on the sensor by irradiation from interference signals. Low or
medium-frequency interference is due to magnetic fields, for
example from power chokes or transformers. High-frequency
interference, usually in the range of several hundred MHz,
can be injected directly into the sensor or via the connecting
leads.

Whether a possible high-frequency effect on the current
sensor has practical consequences for the application
depends on the design of, for example, the shielding of the
housing.

The VAC current sensors from the various series are succes-
sively tested for electromagnetic compatibility according to
EN 61000-4-3: 2010 with a field strength of 20V/m and
80% AM 1 kHz over the frequency range 80 MHz to 1000 MHz.
Please contact us to inquire on the current status of the tests.

THE "OFFSET RIPPLE”

The so-called "offset ripple” stated in our data sheets is
actually no offset. Instead, it is the not completely suppressed
remnant of the internal probe signal. The frequency of this
signal is 400kHz or more. It is zero symmetrical and does
not affect the measurement accuracy when integrated over
at least one period. In addition, it can be further reduced with
a simple low pass filter (capacitor parallel to the measuring
resistor). Details are given in the data sheets.

STANDARDS AND REGULATIONS

Our sensors are designed according to EN 61800-5-1
“Adjustable speed electrical power drive systems”. However,
the sensors also meet many claims of other standards, such
as EN 50178 “Electronic equipment for use in power
installations” or EN 62109 “Safety of power converters for
use in photovoltaic power systems”.

Furthermore, our standard types are certified by Underwriters
Laboratories according to UL508, “Industrial Control Equip-
ment” and CNR C22.2. The category is NMTR2 (Component
— Power Circuit and Motor — mounted Apparatus). VAC sensors
can be found in the Files E317483 and E169721.

VALIDATION AND TYPE TESTING

All newly created series are subjected to extensive type
testing and validation. The criteria of the type tests are
described in our data sheets under the headings “Electri-
cal data: (investigated by type testing)” and “Routine tests”.
The validation includes placement in damp climate, alternat-
ing temperatures in damp climate, rapid temperature chang-
es, repeated on/off cycles, sinusoidal vibration, continuous
shock, solderability and resistance to solder heat tests.

ROHS AND REACH

The products described in this brochure contain no hazard-
ous substances pursuant to the relevant ban lists, such as
RoHS, REACH, WEE, ECHA, JIG, GADSL and others.

MAXIMUM ACCURACY CURRENT SENSORS FOR PANEL MOUNTING KAX
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THE COMPANY
VACUUMSCHMELZE

VACUUMSCHMELZE GmbH & Co. KG (VAC) is one of the world’s leading producers of
special metallic materials with particular physical properties and products produced
from them. With approximately 4,300 employees worldwide, the company is represented
in 50 countries and currently achieves a turnover of approximately EUR 380 million. The
headquarters and registered office of the company is Hanau, Germany, with additional
production plants in Slovakia, Finland, Malaysia and China.
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e closed loop sensor with magnetic probe developed by VAC
as a zero field detector

e two new type series for rated currents of 50A to 200A
and peak currents up to +390A in compact designs

e types for +5 Volt power supply with voltage output

e types for =12 ... 15 Volt power supply with current output

e very good measuring accuracy, minimum DC — offset with
very low hysteresis

e negligible output noise or periodic signal at zero input

e very low temperature dependence and long-term drift of
the output variable

e |ow rise time, wide frequency range

e |ow-cost constructions

e compatible dimensions and pinning

TWO NEW VAC CURRENT SENSOR SERIES

VAC offers two new current sensor series for PGB mounting
with integrated electronics and with an opening for the primary
conductor. Thus they supplement the already introduced new
active current sensor series for maximum accuracy with
integrated primary conductor.

The new types apply the principle, developed by VAC, of the
closed-loop sensor with magnetic probe as a zero field
detector, and use the IC developed together with a leading
semiconductor manufacturer.

All new types offer the detection of high maximum and
continuous currents. The new VAC sensors can be used in
many customer applications without adaptations.

DETECTING HIGHEST CURRENTS WITH A UNIPOLAR
+5 V-SUPPLY

The types T60404-N4646-X160 and -X161 detect maximum
rms continuous currents up to 100A and peak currents up to
+230A and require nevertheless only a unipolar 5 V-supply.

NEW ACTIVE CURRENT SENSORS WITH PRIMARY CONDUCTOR OPENING VAX
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TYPE SERIES OF NEW CURRENT SENSORS WITH PRIMARY CONDUCTOR OPENING

Item no. =
Ol ©
Type T60404-N... 2
Og E = 7] (7]
i < 2§ |E
S| @ @ > o o )
EZ|E3| 2 | B s | E T £ |828l2
e 1l »w + | D = o = > - £ =4 > s ® g
s5- 8% S s g | 8 e—| 2 |s|e| 5|8
°S|E=| 8 > = - @ g = S |8l ale
B2l 20| 3 = @ | 2|3 ; — & | 8|3 &l e
S EENE 8 |Eil 2|8 = | E |g|eglglE
EE =S AR 8 |En| =Ex a |B|E|S| S
S| o
[°C] [kHZ] g|E
Al | A [V] % |2|8|e
-4010 DCto S|&|&
4646- +235
ﬂ X100 100 1802 +85 |+12...15] 1000 I 200 0.5 oo | |1
4646- +188'
- X111 100 L 03 +85 |+12...15| 2000 I 200 0.5 o oo | |7
4646- +188'
ﬂ X101 100 L0362 +85 |+12...15| 2000 I 200 0.5 oo || 1
4646- +235
- X112 100 +180° +85 |+12..15] 1000 I 200 0.5 ° oo | 7
4646-1 450 | o30| +85 | +5 | 1000 | U* | 100 | 1.0 olololel3
X160
ﬂ wod0 | 50 |+172| +85 | +5 [1000| Ut | 100 | 10 e|efefe]3
4646- +201" ool
n X200 125 o142 +85 [x12...15 1000 | 100 0.5 4
ol ]
4646- +305'
n X201 200 3902 +85 [x12...15 2000 | 100 0.5 4
Abbreviations " for supply voltage +12 V* lowms (Al primary rated current
and terms 2 for supply voltage +15 V* lpma (Al maximum measuring range
9 reference voltage input 0 ... 4 V, which also can Ta [°C]  ambient temperature
be used as reference voltage output 2.5 vV, V] supply voltage
+0.005V. Source resistance Ry = 670 Ohm Ky turns ratio
DVy= Viex(0.625 x IP/IPN) f [kHz] ~ frequency range
* value depends on chosen measuring resistance X [%] accuracy
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DIMENSIONAL DIAGRAMS
Drawing no. 1 Type
1 | 2 3 T60404-N4646-X100 and ...X101
A 6,55“ D. I . .u
e ¥ | | |
] | O Tolerances grid Marking: Connections:
Y ' distance 0.2 mm Excerpt from 1...3:0.7x0.7mm
item no. F DC
< 22,86 =5 08< F = Factory Pin Assignments:
< 36,5 o DC = Date Code 1: +V,
Marking 2: Ve
3: g
i
T / @
27,6 |
A '
5 |85 A WX
12,35 i SN
\ vo0,4Y
4,540,5" ! I T=—onor i
’ 127
Drawing no. 2 1397 Type
‘—”’_I:IL:‘I_I T60404-N4646-X111 and ...X112
i
I E1I ; 2 3E Tolerances grid Marking: Connections:
14,3 6,55y 4 ji, P— distance 0.2 mm  Excerpt from 1...3:0.7x0.7mm
O T O itemno. FOC 21, 22: 3.2x1.6mm
Y !
I:;::I F = Factory Pin Assignments:
229 1. DC = Date Code 1: +V,
5,08 2V
. 36,5 .
< . 315
Marking

21,22:1,

I P\ 18 / 0

27,6 a ﬂjl n
. + VAX
12,35 —r . @ (=
v 0,4} |
4,70,5% i / \/ | r:—‘ 52| || [4]
A A
ol le 0,7x0,7 12,1 1,6
32
22,9
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Drawing no. 3

Type

- o — T60404-N4646-X160 and . X161
6,55 : i R
i T . | .
Y O I Tolerances grid Marking: Connections:
|
i distance 0.2 mm Excerpt from 1...4:07x0.7mm
| | 4254 item no. F DC
P 2286 | |
5,08 F = Factory Pin Assignments:
< 265 - DC = Date Code 1: +V,
Beschriftung 2: earth
A 3: Vour
s @ 4: VHEF in/out
27,6 |
y :
A 8’5 + VA‘
12,35 Y 5 @ | =
Y ¥ 0,4)
4,5£0,5* 1 I TH<—o0m07 i
1 127
Drawing no. 4 Type
< 40,64 o 2X0175 T60404-N4646-X200 and ...X201
A 1 H 1
A ] J Tolerances grid Marking: Connections:
214 194 8,89‘ . ’ distance +0.2 mm Excerpt from 1...3:0.6x0.88mm
g AT N WAV AN TR AT | item no. F DC
6,95 = | =
\ Y Y ;
1 2 3 4 F = Factory Pin Assignments:
DC = Date Code 1: -V,
<115 2x127 | | 2: 1
5,08 .
- 48,4 - 3 4V,
4:n/c
- 27,55
18,5 _ Marking
A
e |
A — —
2 o at FL_A
45 y
14 w05 VA * |
y v04Y |_'_|
5,0£0,5* | : I | I I <—0,88x0,60
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TECHNICAL PART — APPLICATION NOTES

CURRENT WAVEFORMS

As well as the amplitude, the waveform of the current to be
measured has an influence on the losses and thus the heat-
ing of the sensor. The operating currents to be measured in
power electronics are usually direct currents, or alternating
currents up to a maximum frequency of several 100 Hz, with
a high amplitude. They are superimposed by the switching
currents of the power semiconductors, which are in the single
digit to mid double digit kHz range and have harmonics up
into the triple digits. Their amplitude is lower by an order of
magnitude.

Our current sensors are designed to operate with such
primary currents. However, when the amplitude of the high
frequency components is continuously much higher, it can
lead to excessive heating of the sensor core. The heating
also depends on the location of the primary conductor in the
sensor opening and the position of the return conductor
relative to the sensor.

POSITIONING OF THE PRIMARY CONDUCTOR IN
CURRENT SENSORS WITH A PRIMARY OPENING
In compensation sensors, a magnetic flux generated by the
primary current is detected in the sensor core and compen-
sated for by an equally large flux of reversed polarity.

Although our sensors are magnetically very robust in design,
the optimal function of this measuring principle is not
completely independent of the position of the conductor in
the magnetic circuit, or of the position of external current-
carrying conductors relative to the magnetic circuit and the
zero-field probe sensor. Also of importance are the amplitude
and frequency of the current. The resultant influence can
affect the dynamic characteristics of the sensor, the measur-
ing accuracy at high levels and possibly heating.

Generally, the best results are achieved if the conductor is
put centrally through the sensor opening and the immediate
area around the current sensor is kept free of conductors
carrying high currents.

More information is available on request.

CONDUCTED AND RADIATED EMISSIONS

Under very unfavourable conditions, there may be an influence
on the sensor by irradiation from interference signals. Low or
medium-frequency interference is due to magnetic fields, for
example from power chokes or transformers. High-frequency
interference, usually in the range of several hundred MHz,
can be injected directly into the sensor or via the connecting
leads.

Whether a possible high-frequency effect on the current
sensor has practical consequences for the application
depends on the design of, for example, the shielding of the
housing.

The VAC current sensors from the various series are succes-
sively tested for electromagnetic compatibility according to
EN 61000-4-3: 2010 with a field strength of 20V/m and
80 % AM 1 kHz over the frequency range 80 MHz to 1000 MHz.
Please contact us to inquire on the current status of the tests.

THE ”OFFSET RIPPLE”

The so-called "offset ripple” stated in our data sheets is
actually no offset. Instead, it is the not completely suppressed
remnant of the internal probe signal. The frequency of this
signal is 400kHz or more. It is zero symmetrical and does
not affect the measurement accuracy when integrated over
at least one period. In addition, it can be further reduced with
a simple low pass filter (capacitor parallel to the measuring
resistor). Details are given in the data sheets.

Location of the magnetic probes in the sensor families N464 and -X1xx
and N4646-x2xx

NEW ACTIVE CURRENT SENSORS WITH PRIMARY CONDUCTOR OPENING VAX
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THE COMPANY
VACUUMSCHMELZE

Advanced Materials — The Key to Progress

VACUUMSCHMELZE GmbH & Co. KG is one of world's
leading producers of special metallic materials and
related products. Our wide range of high quality semi-
finished products, parts, components and systems are
used in virtually every field of electrical and electron-
ic engineering. This makes us one of the few global
companies to offer its customers the complete range of
magnetic technology products from a single source —
from magnetically soft products to the most powerful
permanent magnets in the world.

In all our activities, we benefit from our highly devel-
oped material expertise and our decades of experience
in magnetic technology. As early as 1923, we became
the first company to introduce alloy smelting in a vacuum
on an industrial scale and it was from this process that
the name VACUUMSCHMELZE was derived.

One of our great strengths is our versatility. All of the
world's key industries rely on products and expertise
from VACUUMSCHMELZE, with our principal customers
active in drive and installation technology, medical
technology, renewable energy, automation systems,
process and control engineering, measurement tech-
nology, as well as the very important automotive and
aerospace industries. VAC's dedicated solutions are de-
veloped in close cooperation with customers and reflect
the highest levels of material and application expertise
combined with the latest production technology.
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THE COMPANY
VACUUMSCHMELZE

We are a global company with our headquarter in Hanau, Germany. We currently have
approximately 4300 employees who are spread over production and sales locations in
more than 50 countries on every continent generating annual sales of approximately

EUR 380 million.

Contents

1. Description and applications Page 4
2. Sensor variants Page 4
3. Application instructions Page 5
4. Type series of VAC differential current sensors Page 6
5. Mechanical outlines Page 8

6. DI-Sensors for IC-CPD (In-Cable Control and Protection Device) applications Page 15

ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS VAX 3



ALL-CURRENT SENSITIVE
DIFFERENTIAL CURRENT SENSORS

(AC/DC DI-SENSORS)

e closed loop sensors with magnetic probe for highest
accuracy and reliability

o differential current range of typically 30mA up to 1000 mA

e full load current to 85 A

e single +5 V voltage supply

e voltage output for direct connection at A/D-converters

e automatic demagnetization of the sensor core for offset
decrease

e self-monitoring and test functions

e measuring accuracy 1.5%

e smallest temperature drift and highest long-term stability

e magnetic shielding against external fields

e frequency range DC to 10 kHz

e variants with pass-through opening or integrated primary
conductors

e variants with or without test winding

e cost effective design

DESCRIPTION AND APPLICATIONS

Control devices with all-current sensitive differential current
sensors are used primarily in transformerless solar or
traction inverters. Also in EV charging infrastructure and
charging devices in general, DI sensors can be used.

An important safety function of these devices is the monitor-
ing of leakage currents against earth of the entire system.
These systems consist of either a photovoltaic module or
motor in combination with the inverter, or the grid in combi-

nation with a battery. A defective system can become
dangerous for humans or cause fire, therefore corresponding
standards require that the inverter or charger disconnects
from the grid, before it might become dangerous for the
system or humans.

Leakage currents are unintended hence uncontrollable fault
currents against earth and can contain direct as well as
alternating portions, therefore AC/DC-sensitive monitoring
is necessary. The key component is the VAC differential
current sensor, whose measurement value is transmitted as
an output voltage and evaluated by the control system.

Generally, protection devices with AC/DC-sensitive differen-
tial current sensors shall be used, where flat or pulsating
direct currents can occur, whose amount is permanently
greater than zero. Further examples are power supplies or
uninterruptible power supplies.

SENSOR VARIANTS

Available types are with pass trough opening as well as with
integrated primary conductors for PCB mounting. Those
sensors are designed with two or four conductors for single
and three phase systems.

The additional functions demagnetization, error signaling
and internal test are accessible through defined levels at the
infoutputs V, and V

out ref*

VAX ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS



APPLICATION INSTRUCTIONS

REFERENCE VOLTAGE V.. IN/OUT

Optionally the reference pin V. can be used as input or
output. Thereby the internally generated reference REF
can be routed as output or an external reference REF,, can
be connected as input to the sensor.

It is recommended to evaluate the output voltage Vo,
differentially against the precise reference connected at the
REF,,; output and not against ground. Doing so, lowest
offset values of the current sensor can be achieved.

ADDITIONAL FUNCTION DEMAGNETIZATION

The sensor will automatically perform a demagnetization
cycle at every power up and is ready for use after approxi-
mately 150 ms. It is recommended to perform a demagneti-
zation periodically during the operation of the sensor. This
will ensure that any potentially remaining magnetization of
the compensation core will be eliminated and the measuring
accuracy and offset are in the optimum range.

To perform a demagnetization cycle, please proceed as follows:

V... must be set to OV for > 100 ps; start of internal test-
current generation

® once Ve is reset to its reference values, demagnetization
will begin

e sensor runs a 110 ms demagnetization cycle

® during this period the output is set to V,,; < 0,5V

e afterwards the sensor is ready for use

INTERNAL TEST-CURRENT GENERATION

As soon as Vg is set to 0V, the current sensor will generate
atest-currentwhereby a constantoutput voltage Vo, ; =250 mV
will be set. This function can be used, to verify correct
functionality of the sensor.

EXTERNAL TEST-CURRENT GENERATION

Most of the shown sensors of the N4646 series offer
additional connections for external test-current generation.
Inside the sensor a separate winding is placed on the
magnetic module and fed to the outside. It is recommended
to apply a sufficiently high external current to verify correct
functionality and, if necessary, the intended switch-off
threshold.

VALIDATION AND TYPE TESTING OF VAC SENSORS

All newly created series are subjected to extensive type
testing and validation. The criteria of the type tests can be
found in our data sheets under the headings “Electrical data:
(investigated by type testing)” and “Routine tests”. The
validation includes placement in damp climate, alternating
temperatures in damp climate, rapid temperature changes,
repeated on/off cycles, sinusoidal vibration, continuous shock,
solderability and resistance to solder heat tests.

ROHS AND REACH

The products described in this brochure contain no hazardous
substances pursuant to the relevant ban lists, such as RoHS,
REACH, WEE, ECHA, JIG, GADSL and others.
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TYPE SERIES OF VAC
DIFFERENTIAL CURRENT SENSORS

VAC Item no. T60404-N4646-

... X921 ... X931 ... X932
Mechanical outline no. 1 2 3
Primary conductor style via PCB via PCB via PCB

two conductors @ 2.8 mm each |four conductors @ 4.5mm each |four conductors @2.8 mm each

Number of primaries 2 4 4
Maximum primary current [A] 50 85 50
Nominal differential current [mA] 300 1000 300
Measuring range [mA] 850 1700 850
Supply voltage [V] 5
Supply current typ. [mA] 17
Output voltage [V] Ve = (0.74 X | / 300 mA) | Vi = (1.2 %1,/ 1000 mA) | V. = (0.74 x 1,4,/ 300 mA)
Output voltage range [V] 0.5t04.5
Reference voltage 2.5 Vinternal reference voltage or external reference
External test-current pin Integrated in sensor
Frequency range [Hz] DC up to 8 kHz

Measuring error
(of nominal) <15%
atT,,,=25°C

Temperature drift [mV/°C]

40 ... +85°C <0
Response time [ps] <50

(up t0 90 % of nominal diff. current)

Isolation strength

acc. EN 50178

- system voltage [V] 600

- working voltage [V] 1000
Qualified acc. to UL Yes, acc. UL 508

Image

*Information about maximum primary current is only a guideline
** Variants with primary conductor upon request

6 VAX ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS



T60404-N4641-

... X956 ... X960 ... X975 ... X900
4 5 6 7
. via PCB via PCB -
pass through opening two conductors @ 2.8 mm each | two conductors @ 2.8 mm each pass through opening

— ?2 ?2 —

50* 50 50 32*
300 6

850 300
5 5

17 50
Ve = (0.74 x 1, / 300 mA) -

0.5t04.5 Open Collector

2.5 Vinternal reference voltage or external reference

Integrated in sensor no Integrated in sensor Test Function
DC up to 10 kHz DC up to 2 kHz
<15%
<01
<35

must be ensured by end
user with suitable isolation of
primary conductors

600
1000

must be ensured by end
user with suitable isolation of
primary conductors

Yes, acc. UL 508

Yes, acc. UL 2231

e

)

-

L
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MECHANICAL OUTLINES

Drawing no. 1

Type
T60404-N4646-X921

T \
_IE‘_ \ﬁf]"- A

rcao_s 6%)
SN

48,5

et

i
-
-

]

Beschriftung
(marking)

64,25
= Prufmald
IL (test dimension)

(3,5:0,3)] 1 e I @203 EC: E::jﬂ(r)yode

Marking Connections Pin assignments

UL Mark 1...4 028mm 1 ... 4: primary current

Extract item no. 5...10: 0.7 x0.7 mm | 9, 10: test-current

F DC, in which 5: Vo

F = Factory 6: Vi

DC = Date Code 7: GND

8:V,+5V
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Drawing no. 2 Type
T60404-N4646-X931

(&0 = Beschriftung
\\ & 20,3 6% (marking)

D) 38205

\.\\\ J
69.4 52.7
1
i
Priifmal®
(test dimension)
Iy . . DC =Date Code
Ohne MaRstab gezeichnet -
T {without scale drawn) F=Factory
Marking Connections Pin assignments
UL Mark 1...4 045mm 1...4;11 ... 14: primary current
Extract item no. 11...14 0 45mm 9, 10: test-current
F DC, in which 5...10:0.7x0.7mm | 5:V,,
F = Factory 6: Vg
DC = Date Code 7: GND
8:V,+5V
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Drawing no. 3

- 483

Type
T60404-N4646-X932

Beschriftung
(marking)

fa = Profmald
& (test dimension)

DC = Date Code
F = Factory

Marking Connections Pin assignments
UL Mark 1...4 028mm 1...4;13 ... 16: primary current
Extract item no. 13...16: @28 mm | 9, 10: test-current
F DC, in which 5...10:0.7x0.7mm | 5:V,
F = Factory 6: Vo
DC = Date Code 7: GND
8:V,+5V
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Drawing no. 4

ls
41,750,25 ‘

Type
T60404-N4646-X956

Toleranz der Stiftabstdnde
+0,2mm

DC = Date Code

F =Factory
Beschriftung
(258) = |
7|? | ;l_._. ——— e e —————
051 : Ia,a ________
P . .
(4,520,5)1 I (23) i | f’“
(31,35:0,25) 0.7x0,6
]
i
Lias : : : ) Prifmalk
BN
Marking Connections Pin assignments
UL Mark 1...4.07x0.6mm | 5, 6:test-current
Extract item no. 5..6:008mm 1.V, 45V
F DC, in which 2: GND
F = Factory 3: Vi In/Out
DC = Date Code 4V,

ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS VAX
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Drawing no. 5

Toleranz der Stiftabstande £0,3mm

DC = Date Code

Type
T60404-N4646-X960

Beschriftung

F = Factory
12
K S ad
i |
Del o
46| =] Eh E ]
40,64 e
Pl | 18,8
| Cun ,"_: ...... - .
o | |O O o !
17,94] | O o ltl eV amm
\i | 0 |
1 \.\_‘___.__.
4 3
6.8
2x2,54 - -
27,94
43
e ] - e
h ]
T
Marking Connections Pin assignments
UL Mark 1...4 028mm 1 ... 4: primary current
Extract item no. 5..807x06mm | 5V,
F DC, in which 6: Vs
F = Factory 7. GND
DC = Date Code 8:V,+5V
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Drawing no. 6

Toleranz der Stiftabstdnde +0,3mm

""""'“é'ﬂ"i‘"
g i o L
F&F
€

(-
Priifmal F

DC = Date Code
= Factory

Type
T60404-N4646-X975

Beschriftung

“1 F g9ieda98 T
@ S Gl |ies
.f.. -EI!_ *.qg}g—?uv{pa_.j_ _E_-_.
A i |
granle ! O3 -
s —
QI \! nen o
T g
| Nt
4 3
22 54 . 6,8 | 10,57 05,
27,94
. 43 3 (269 (3,520,5)
415 -
i
i
i
i
i
4 i r)
1 i i |
Marking Connections Pin assignments
UL Mark 1...4 028mm 1 ... 4 primary current
Extract item no. 5...8:07x06mm | 9, 10: test-current
F DC, in which 9,10: @ 0.8 mm 5V
F = Factory 6: Vi
DC = Date Code 7. GND
8:V,+5V
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Drawing no. 7

(- Beschriftung DC = Date Code
Priifmal (marking) F = Factory
(test dimension)
(@34+0,3)
21,13
-ﬂ13.510.:|i
1 : 11
emfl g W
0,7 [ |
- 29,54 j 13,95
5 12 (29,05:0,3)
@b | a :
|/ _ !
—_ 5 [Yn-2 :
— e 578 11 E.:Eé i
i i L .I 3 L fe—
8,95 =1 1]n9
3,6:0,5, | |20.3
- - 30,6404
13,65+0,3
Marking Connections Pin assignments
UL Mark 1...8:05x05mm | 1:Error,
Extract item no. 9...12:0.7x0.7mm | 2:Test,
F DC, in which 3: X6,
F = Factory 4: X30,,
DC = Date Code 5: GND
6: V. +5V
7: PWM oy
8:N.C.

VAX ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS
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DI SENSOR FOR 1G-CPD APPLICATION

APPLICATIONS AND ADVANTAGES

To satisfy new standards including IEC 62752, charging of
electrical vehicles requires differential current sensors to
avoid hazardous situations in cases where the vehicle
battery (DC) is connected to the home power supply (AC).
Generally, AC/DC-sensitive differential current sensors can
be used where direct current and alternating current circuits
are directly connected and therefore AC/DC leakage currents
can occur.

Typically, type A residual current circuit-breakers (RCCBS)
are the sole type installed in private households, unable to
identify and deactivate DC fault currents. Users seeking to
charge an electric vehicle (EV) from a home power supply
would therefore require a costly type B RCCB to guarantee
safety in the presence of DC fault currents.

By using a VAC DI sensor integrated into an IC-CPD or wall
box, customers can save themselves the high costs of
installing a type B RCCB to provide all-current sensitivity and
electrical safety at low cost.

A single DI sensor monitors simultaneously all currents in
phases and neutral conductors sensing AC/DC fault
currents. The sensor can activate automatic shut-off in case
of hazardous electrical faults or signalize that the switch-off
threshold was exceeded to a master device, which will then

shut-off the system from the power supply. As the differential
currents to be monitored only occur in the event of electrical
faults and are extremely low (mA), maximum measurement
precision is critical. In addition, a fast response time is
required to maintain safety features and prevent humans
from getting injured.

FEATURES

e fault current detection according to IEC 62752 or UL 2231

e frequency range DC up to 2 KHz

e |oad current up to 80 A, (1-phase) or
3x32 A, (3-phase)

e switching output for 6mA DC and 30 mA AC
(acc. to IEC 62752)

e integrated self-monitoring and test functions

e measurement resolution of 0.2 mA

e variants with pass through opening or with integrated
primary conductors

o differential current range 0...300 mA

e robust mechanical design suitable for IC-CPD
environmental requirements (e.g. drop test)

e widely usable in harsh electronic environment
(e.0. resistant to external magnetic fields)

e total system cost significantly reduced compared to RCD
type B

ALL-CURRENT SENSITIVE DIFFERENTIAL CURRENT SENSORS VAX
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POCKET GUIDE
EV-CHARGING

While electric mobility is gaining more and more momentum, the public debates focus
on the range of e-cars and the availability of charging points.

The electrical industry is working on different charging modes, each with its own pros
and cons. This Pocket Guide about EV charging lines out how VAC’s rich portfolio of
high performance magnetic components helps to meet the various R&D challenges
that different charging modes bring along.

ADVANCED MATERIALS - THE KEY TO PROGRESS V ©
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CURRENT MEASUREMENT -
BEVAC

KEY FEATURES APPLICATION NOTES

e fault current detection according to By using a VAC DI sensor integrated into an
IEC 62752, UL 2231 or GB 22794 IC-CPD or wall box, the EV charging electronics

e two switching outputs according to the will provide all-current sensitivity and electrical
switching levels of each standard safety at low cost. In case the sensor detects

e measurement resolution of 0.2 mA a DC or rms fault current, the corresponding

output will change its state.

Design variants with integrated primary
conductors for one or three phase systems
are available, together with a pass through
variant.

EEE
Inductive E




CURRENT MEASUREMENT -

KEY FEATURES

current sensor series for direct PCB
mounting with integrated primary
conductors

wide measurement range of 6A to 100A
+5V power supply

closed-loop sensor with magnetic probe
and galvanic isolation

low-cost designs

CURRENT SENSOR

APPLICATION NOTES

VAC current sensor series offers high accu-
racy measurement for continuous charging
current in very compact design. The sensors
cover a wide measurement range and offer
an analog linear voltage output. Due to
integrated primaries the sensors can be
assembled directly onto the PCB.

Higher power range current sensors as panel
mounts also available.




CURRENT MEASUREMENT -
CURRENT TRANSFORMER

KEY FEATURES

e highest accuracy and high output signal

e easy mounting due to compact and
customized designs

e excellent galvanic separation

e anti-tampering types available with
magnetic shielding

APPLICATION NOTES

VAC current transformers (CTs) can be used
either for simple monitoring purpose or as a
measuring unit if used in EV charging appli-
cation with metering function. The highly
linear characteristic curves allow to use the
CT as a precise measurement device and a
high transformation ratio (e.g. 1:2500)
offers the right output voltage for easy
signal processing over the whole current
range. Special shielded versions of CTs can
be used to prevent metering manipulation.




EMC PRODUCTS

KEY FEATURES

o compact design solutions for high
nominal currents

e VAC CMCs fulfil the UL1446 insulation
requirements

 environmentally friendly due to high
efficiency

APPLICATION NOTES

The general trend to increase switching
frequencies in power electronic applications
leads to significant network disturbances
(EMI). Accordingly, sophisticated EMI filters
need to be used following the latest interna-
tional standards.

VAC offers a broad portfolio of EMC
products based on the high permeability
nanocrystalline alloy VITROPERM®. The large
variety of 1-phase, 3-phase and 4-fold
CMCs for various nominal currents, both in
upright and low profile design, make them
indispensable in EV charging applications.




POWER TRANSFORMER

KEY FEATURES

e very high power density

e highest energy efficiency (more than 99 %)
o SiC ready

o full customization possible

APPLICATION NOTES

VAC power transformers offer transmittable
powers of up to 100kW in extremely compact
volumes due to the high saturation flux density
of the nanocrystalline alloy VITROPERM®,

Especially for future time-saving high current
AC and DC charging solutions (i.e. mode 3
and 4) these power transformers can be
applied to ensure a safe galvanic separation
between the individual charging points. The
transformers are ready to be used with
state-of-the-art SiC semiconductors featur-
ing switching frequencies of up to 50kHz.




DRIVE
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ABOUT THE COMPANY
CUUMSCHMELZE

Der Fortschritt beginnt beim Werkstoff
Advanced Materials - The Key to Progress

BB IRT Sort HIATRE

VACUUMSCHMELZE GmbH & Co. KG is one of the
world's leading producers of special metallic materi-
als and related products with exceptional magnetic
and physical properties. Our wide range of high
quality semi-finished products, parts, components
and systems are used in virtually every field of
electrical and electronic engineering. This makes us
one of the few global companies to offer our
customers the complete range of magnetic
technology products from a single source — from
magnetically soft products to the most powerful
permanent magnets in the world.

In all our activities, we benefit from our highly deve-
loped material expertise and our decades of experi-
ence in magnetic technology. As early as 1923, we
became the first company to introduce alloy smelting
in a vacuum on an industrial scale and it was from
this process that the name VACUUMSCHMELZE
was derived.

VAX DRIVE TRANSFORMERS

We are a global company with our headquarters in
Hanau, Germany. We currently have over 4500
employees who are spread over production and
sales locations in more than 40 countries on every
continent, generating annual sales of approximately
EUR 350 million.

One of our great strengths is our versatility. All of the
world's key industries rely on products and expertise
from VACUUMSCHMELZE, with our principal
customers active in drive and installation technology,
medical technology, renewable energy, automation
systems, process and control engineering, measu-
rement technology, as well as the very important
automotive and aerospace industries. VAC’s custom
solutions are developed in close cooperation with
customers and reflect a high level of material and
application expertise combined with the latest
production technology.



Introduction

In recent years, power electronics have had a decisive influence on the technology of electrical energy generation,
distribution and conversion. Modern semiconductors enable electrical energy to be controlled and converted rapidly
and safely with low losses. Key contributors to progress in this field are turn-off power semiconductors like IGBTs
(insulated gate bipolar transistors), MOSFETs (metaloxide semiconductor field-effect transistor) and GTOs (gate
turn-off thyristors). VAC products are significant contributors in maintaining efficiency and safety in semiconductor
switching and low-loss power transmission.

VAC drive transformers are extensively used in fields
of application including:

« Solar inverters

« Converters for wind turbines

« Converters for grid connection,
e.g. for renewables or
frequency converters with
energy recovery

+ Converters with high
output frequencies

+ Servo drives with high
switching frequencies for
high-speed control

+ Electric drives in all power
classes

* Uninterruptible power
supplies (UPS)

« Switched-mode power supplies

« Control and measurement
technology

« Machine tools

. . Renewable energy sources require efficiency,
» Electric vehicles stability and robustness with respect to environmental
conditions.

+ Welding devices

* Medical devices

DRIVE TRANSFORMERS VAX 3
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Frequency converters with IGBTs

IGBTs are often used in high-power frequency
converters to convert an AC input current at a single
frequency (grid frequency 50 Hz or 60 Hz) into an
output voltage with variable frequency and ampli-
tude. This voltage is then used to power output
devices such as three-phase motors (as in fig. 1).

The grid power is first converted into DC current
(using a rectifier or AC-to-DC converter) in an inter-
mediate circuit (DC link or DC bus) with a typical
voltage of 600 V or 1200 V. The DC link is connected
to a DC-to-AC inverter which produces a controllable
output voltage. Both the AC-to-DC converter and the
DC-to-AC inverter contain multiple IGBTs (together
with diodes and capacitors) operated in bridge
circuits, which are supplied as IGBT modules by a
number of manufacturers.

However, in solar inverters the DC output from the
solar panels serves as a DC link. The DC passes
through an inverter, is converted to 50/60 Hz and fed
into the grid (see fig. 2).

The above-mentioned high DC link voltages are
connected to the IGBTs, which are controlled by low
voltage signals (typ. +/-10 V up to 20 V), produced
by a measurement and control unit. The contact of
the high voltages to the low-voltage side of the
control unit must be prevented for the safety of
users. Therefore a safe galvanic separation of these
circuits is necessary. High voltage tests are applied
for verification.

Frequency converter

AC-DC converter Filter capacitor DC-AC inverter

Grid power _—
Z —| > J— /] 7
T

3-phase ~

3-phase
Motor ~

Fig. 1: A frequency converter with AC-to-DC converter and
DC-to-AC inverter to power a motor.

DC link (+)

> > >
R 7 NG L 3 G L

Drivers with i
transformers (Tr) GBT

3-phase

o KF g I |

DC link (-)

Fig. 2: Schematic diagram of a 3-phase inverter with DC link;
when a solar inverter is used, the solar panels feed into the DC
link and the 3-phase output is fed into the grid.

Drive transformers provide the galvanic separation of the circuits. The high-voltage tests are described in the relevant
international standards (e.g. IEC 61800-5-1, IEC 61558-2, IEC 62109, UL508C, UL1741).

Since 1974, VAC has supplied drive transformers for efficient operation of switched-mode circuits throughout almost
all fields of electronics, such as motor control units, wind turbine inverters, power supplies, solar inverters and electric

railways.

VAX DRIVE TRANSFORMERS



Advantages of VAC transformers

Higher switching frequencies, higher blocking voltages and switching power influence the way a semiconductor is
activated and controlled to allow for safe and simple switching. Drive transformers ensure galvanic separation while
also supplying the switching signal and /or the energy for the semiconductor drive circuit.

Transformers must meet a number
of requirements:

 High insulation strength

* Low coupling capacitance ->
high interference resistance

+ Compact design

* Low leakage inductance ->
high impulse precision

+ Transmission of switching power

+ Wide range of operating temperature
(e.g. -40 °C to +105 °C)

* National and international
standards, e.g. EN 50178,
IEC 61800, UL508, IEC 62109,
UL1741...

Transformer properties:

+ Up to 1200 V DC for SMD;
up to 8.5 kV,,,s for PTH

* Low number of turns
- SMD solutions available

« Lower number of turns;
high permeability

+ Typically 2 to 20 watts

* Low and linear variation
of permeability with temperature

+ Designs according to relevant
standards, properties verified
by inspections and type testing

DRIVE TRANSFORMERS VAX



Magnetisation curve and

ermeabili N
P ly Magnetisation curve

Core materials are selected on the basis of their \
suitability for the application. Compared to ferrites, /—V'TROPERM 500 F
nanocrystalline materials show a narrow hysteresis 1000 //

loop with low remanence ratio (B, / Bg,) and high
saturation flux density, as shown in fig. 3. Core
losses are low even at switching frequencies of
several hundred kilohertz.

500

/ N67 Ferrite

The high induction swing of up to 1 Tesla allows /
transformers to be designed with smaller cores and -500 //

B (mT)
°

AN

fewer turns, lowering leakage inductance and coupling
capacitance. This results in excellent impulse 1000
transmission and thus precise semiconductor
switching.

-1500
-3000 -2000 -1000 0 1000 2000 3000

The compact design of the transformers is important H (mA/cm)
to achieve a high paCkaging denSity on the PCB. Fig. 3: B(H) Magnetisation curve of VITROPERM 500F compared

to a typical ferrite, clearly showing differences in Bg: 1.2 T for
VITROPERM 500F compared with 0.43 T for ferrite.

Cores made of nanocrystalline VITROPERM® have
a high linearity of permeability with respect to
temperature in comparison to ferrite (see fig. 4). o
P P (see fig- 4) Permeability: temperature dependence
Inductance and magnetisation currents are thus 140
practically temperature-independent, permitting 120 ::::::::j N\
high-precision signal transmission throughout a wide
temperature range (typ. -40 °C ... +120 °C).
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0 utp ut te Stl n g Fig. 4: u(T) Temperature stability of permeability of VITROPERM 500F

compared to typical ferrite.

At the final inspection, all drive transformers are tested for dielectric strength in accordance with the values stated
in the data sheets. Depending on the requirements, a partial discharge(PD) test is conducted. This PD testing
is determined by the relevant standards and the applied voltages. For example, to comply with the standard
IEC 61800-5-1 the PD test voltage is 20 % higher compared to the European standard EN 50178.

The voltage-time area is generally verified by an impulse test of some parts per batch (AQL).

In addition, type tests are specified in the data sheets. The type tests are required by certain standards and are
conducted over longer test periods or using defined high-voltage impulses. Type-tested components are not supplied
to customers since the rigorous test conditions may cause damage to the components. Type tests are used to verify
the design and as an additional proof of the insulation strength.

VITROPERM®is a registered trade mark of VACUUMSCHMELZE GmbH & Co.KG
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VAC offers a wide range of standard transformers listed in the following tables,
grouped by the insulation voltage (U;s). Please check our website for new models
at www.vacuumschmelze.de.

Insulation voltage up to 380 Vrms

VAC Product Model n Judt |Lp Lg Ck Up Ug Dimensions

L W H
pvs 'mH |pH PF [ KVims [KVims (MM mm mm
PTH 1:1:1 200 |65 |03 33 |31 (038 [148 |166 |135
PTH 1:1:1 260 |11 035 |38 (31 (038 |148 [16.6 |13.5
PTH 1:1.5:1.5 200 |2 12 9 31 (038 |148 |16.6 |13.5
PTH 1:2:2 150 |0.37 |0.3 90 |31 |0.38 |148 |166 |135
PTH 1:1:1 150 |2.7 |03 25 |31 |0.38 |166 [14.8 |135
PTH 1:1:11 125 |24 (025 |28 |3.1 |0.38 |16.6 148 [135

PTH 1:1.2:1.2 15 03 |04 15 3.1 038 |14 9 15
PTH 1:1:1 50 06 [025 |27 |31 |0.38 |148 |16.6 |135
PTH 1:1:1 260 |10 0.5 8 31 1038 |14.8 16.6 [13.5
PTH 1:1:1 500 |5 0.9 110 |4 0.38 |21 21 13.5
PTH 1:1 250 (14 |4 110 |25 |0.22 |17 17.8 [135

PTH 1:1:1 130 |0.8 [0.48 |91 25 1038 |13.2 16.6 |10

KEY

/Udt = Minimum voltage time area at the primary
winding in unipolar operation

n = Turns ratio
Lp = Primary inductance (typical value)
Lg = Leakage inductance of primary winding N with

secondary winding shorted (typical value)

Ck = Coupling capacitance between primary and
secondary windings (typical value)

Ujs = Insulation voltage (operating voltage), effective

value between primary and secondary windings
Up = Test voltage, rms value at 50 Hz between

primary and secondary windings

PTH = Pin through hole

SMD = Surface mounted device

DRIVE TRANSFORMERS




Insulation voltage up to 500 Vrms

VAC Product Model n Judt |Lp Lg Ck |Up Ui | Dimensions
L W H
pVs |mH |pH PF [ KVims | KVims | mm mm | mm
T60403-A4021-X081 PTH 1:1.125 20 0.07 (155 |5 25 |05 125 14 10
T60403-A4025-X062 PTH 1:1.2 20 |05 |6 6 31 |05 |132 |166 |10
T60403-D4615-X007 PTH 1:1:1:11 320 (1.7 N 100 |45 (05 |21 21 13.5
T60403-D4721-X002 PTH 1:1 500 |3.6 250 55 |31 |05 |17 178 |13.5
T60403-D4721-X103 PTH 1:2:2 250 |0.85 |50 7 36 |05 |17 178 |135
T60403-F4021-X088 PTH 1:1.3:1.3 15 025 0.2 15 |5 0.48 |21 21 135
T60403-A4025-X046 PTH 1:1:1 7.5 ]0.015 |3 5 31 |05 233 16.1  |25.4
T60403-D4097-X052 PTH 1:1 260 |11 045 |37 |31 |05 (148 166 |135
T60403-D4215-X014 PTH 1:11 170 1.3 0.5 30 |4 05 |20 20 14.5
T60403-F4215-X025 PTH 1:1.4:1.4 200 (0.9 5 5 4 05 |21 21 13.5
T60403-D4721-X001 PTH 1:1:1 250 |0.85 |28 6 36 |05 |17 178 |135
T60403-D4721-X003 PTH 1:1 250 0.85 |70 47 |4 05 |17 178 |13.5
T60403-D4721-X005 PTH 2:1 250 (3.4 75 5 31 |05 |17 17.8 |13.5
T60403-D4721-X006 PTH 1:1:1 500 (3.1 110 |65 |31 |05 |17 178 |135
T60403-D4721-X007 PTH 3:1:1 250 |7.6 68 55 |31 |05 |17 178 |13.5
T60403-D4721-X042 PTH 1:1 250 |0.85 |70 47 |4 05 |17 17.8 |13.5
T60403-D4721-X048 PTH 1:1 600 |5 360 (10 |4 05 |17 178 |135
T60403-D4721-X106 PTH 1:1 500 |3.6 290 6 31 |05 (17 178 |13.5
T60403-D4615-X010 PTH 11414 (280 |17 |1 100 |4 04 |21 21 135
T60403-D4215-X177 PTH 1:1:1 300 (925 (035 (80 (3.2 042 |21 204 |165

8 VAX DRIVE TRANSFORMERS



Insulation voltage 600 V,p, to 2000 Vo

VAC Product Model n Judt Lp Lg Ck Up  Ug Dimensions
L W H

pVs mH pH PF KVims KV mm mm  mm
PTH 1.5:1 150 1.215 10 25 31 09 148 166 135
PTH 1:1:1 520 55 2 100 5 06 275 276 |20
PTH 1:11 250 085 28 6 36 075 17 178 135
PTH 11:11 40 09 |10 7 5 075 148 166 135
PTH 1:1 100 1.7 03 20 31 07 (148 166 135
PTH 1:165/165 16 006 06 6 6 2 148 166 135
PTH 3.1:1:1 800 85 |70 1 4 1 275 2716 |20
PTH 1:1:1 500 5 08 63 35 06 21 21 13.5
PTH 1:1:1 250 1.7 1 35 5 06 225 225 165
PTH 11212 250 1.7 1 35 5 06 225 225 165
PTH 2:1 250 397 75 8 4 06 17 178 135
PTH 2.3:1 200 45 50 7 31 1 17 178 135
PTH 4:1 2500 3 18 58 16  8.35 |61 74 90
SMD 1:1:1 8 140 03 13 45 1.0 152 150 91

DRIVE TRANSFORMERS VAX 9
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Technical Information

Gate drive topologies

The transformers shall meet a wide range of
requirements. These requirements depend on the
use of the transformer in the given circuit topology. Drive transformer (Signal + Power)
Fig. 5 (top) shows the simultaneous signal and

power transmission across a single transformer. Tr IGBT
) . PWM +

The bottom diagram shows the separate signal and Power -

power transmission by means of a power supply and __ | Driver ‘

PWM circuit. An optocoupler can be used as an <]

alternative to a signal transformer. However this may

reduce the signal quality, e.g. in the presence of high
du/dt voltage flanks. High temperatures and other
environmental parameters may also reduce the
dielectric strength, durability or increase the drift of Power

the semiconductor material. Supply
Drive circuits primarily depend on parameters such
as input voltage at the primary winding, pulse

Drive transformer (Signal) + Drive transformer (Power).

frequency and turns ratio.

VAC drive transformers provide highly reliable and
stable electrical characteristics. In addition, multiple J IGBT

secondary turns enable multiple IGBTs to be Power -
supplied simultaneously and simply with power. Switch -

: PWM ‘ Driver
In particular, extremely space-saving, push-pull

circuits can be designed using compact transformers ]
with nanocrystalline ring cores. L

Fig. 5: Signal and power transmission with two
configurations.

New circuit principles, e.g. Three-level topology

IGBT modules with three-level topology offer advantages for applications in the kW range. The dielectric strength of
the semiconductors is lower than that of conventional circuit designs, so more compact components can be used.

Multi-level topologies generally require a higher number of drive transformers, increasing the importance of more
compact designs with ring cores made of nanocrystalline materials.

More modern semiconductor types such as SiC operate at higher frequencies and/or higher voltages which has a
direct impact on the drive transformer requirement. As with all topologies, dielectric strength depends on the circuit
and the application details. VACUUMSCHMELZE's special insulation methods and vacuum potting technologies
produce compact and durable transformer designs.

VAX DRIVE TRANSFORMERS



Important selection criteria for transformers

Voltage and insulation

The selection of drive transformers generally begins
with consideration of the permanently applied
voltage between the primary and secondary
windings. This voltage is given in drive transformer
specifications as insulation voltage U;s and it
determines parameters such as the test voltage, the
partial discharge voltage and creepage and
clearance distances. Depending on the application,
voltage differences may occur between secondary
windings and must be considered in the component
design. In some standards (e.g. IEC 61800-5-1) the
system or grid voltage is important for defining the
transformer insulation.

Inductance

VACUUMSCHMELZE drive transformers have a high
inductance and therefore low magnetisation currents
and a low drop in drive pulse current.

Leakage inductance

Leakage inductance is an indicator for the quality of
magnetic coupling of the windings. Low leakage
inductance guarantees steep control pulses that
keep their shape.

Series or parallel connected IGBTs particularly
impose high requirements on the current rise time.
The desired low leakage inductance is favoured by
a low number of turns such as those achieved by
using cores with high saturation flux density.

Voltage time area

In unipolar operation the voltage time area /Udt
describes the maximum voltage time integral on the
primary winding without a load (fig. 6). The voltage time
area determines the modulation of the transformer core
with rectangular pulses, approximately according to the
formula: /Udt = U/2f.

As fig. 7 shows, in unipolar operation half the
hysteresis loop is used. In bipolar operation the voltage
time area can be expected to double as the full
hysteresis loop is used.

Coupling capacitance

Our drive transformers are characterized by
particularly low coupling capacitance values due to
a high permeability and a low number of turns.
These are measured between the primary and
secondary windings.

Especially during the fast switching of IGBTSs, a high
degree of immunity from interference is required, in
order to avoid misfirings occurring in the pulse
pauses caused by offset currents, or any feedback
to the control end. Due to the minimum coupling
capacitance, VAC drive transformers usually do not
require electrostatic shielding.

Turns ratio

The turns ratio is determined by the available input
voltage (e.g. 15 V) and the required output voltage
at multiple windings.

Typical ratios are 1:1; 1:1:1 (one primary, two secon-
dary windings) or 1/1:1/1 where both windings have
center taps.

-/ udt B

PO  J—

Fig. 6: Explanation of voltage time area.

|
B
= -
=
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-~ =

z AB
: l
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H

H

Fig. 7: Hysteresis loop for pulse magnetisation.
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GATE DRIVE TRANSFORMERS FOR IGBT

ACC. TO IEC 61558
CERTIFIED BY VDE INDUSTRIAL APPLICATIONS

VAX oc

4615X067 F

VAX oc

4215X180

MAIN FEATURES

e |arge voltage-time area in extremely compact design
e \ery low leakage inductance

e |ow coupling capacitance

e High insulation strength (reinforced insulation)

DESCRIPTION
Gate Drive Transformers for IGBT need to ensure excellent switching With state-of-the-art winding and insulation concepts an optimum
behavior as well as safe galvanic separation between high and low between low leakage inductance and low coupling capacitance is
voltage side. achieved. The benefits are highest impulse precision and high
interference resistance between high and low voltage side.
By using toroidal cores made from nanocrystalline VITROPERM® it Consequently, the controlling of IGBT becomes entirely reliable.
is possible to build extremely compact components with high
voltage-time area [Udt. A broad portfolio of such transformers,
designed for different working voltages and frequencies, is available.
TRANSMISSION CHARACTERISTICS
25 1
U[v]
4615-X067 |

20
- | 4215-X180

15
| 5032-X112|
10 ﬂ-a Input voltage
Output voltage
5 )
Real lab measurements showing
the large voltage-time area and the
excellent transmission quality of the
0 components
0 2 4 6 8 10 12 14 16 18 20 22 24 26

t [us]
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GATE DRIVE TRANSFORMERS FOR IGBT INDUSTRIAL APPLICATIONS

MAGNETICAL AND ELECTRICAL PROPERTIES

Part number n f JUudt P L, L, C, Ui rms Uy s Design
T60403-F... kHz HVs w mH HH pF v kV
5032-X112 1:1:1 80 60 5 0.7 2.8 3.8 300 5.0 SMD
4215-X180 111 60 170 10 2.98 0.5 20 600 6.75 PTH
4615-X067 111 20 500 10 14.4 1.0 50 600 6.75 PTH
KEY
n = turns ratio (bold: primary winding) C, = -coupling capacitance between primary and secondary
fUdt = voltage-time area at primary winding in unipolar operation Usms = insulation voltage, effective value between primary and
p _ transmittable power secondary windings (identical to ‘working voltage’)
L, = primaryinductance (typical value) Upsms test voltage, effe(?tlvg value at 50 Hz between primary
' ' o and secondary windings
L, = leakage inductance of primary winding with secondary )
- . SMD = Surface Mounted Device
windings shorted (typical value)
PTH = Pin Through Hole
NOTES
The latest addition to this range consists of above listed gate drive All transformers are based on VAC's UL1446-certified class F
transformers that are built according to IEC 61558 for “Safety of insulation system VAC-ISO-F1 (E329745).
power transformers, power supplies, reactors and similar products”.
They all feature reinforced insulation. The fulfillment of IEC 61558-1 The data sheets can be downloaded from VAC’s homepage.
and IEC 61558-2-16 is certified by VDE Testing and Certification
Institute Offenbach, Germany. Test reports are available upon request. Design modifications are possible upon request.
POSSIBLE APPLICATIONS

e Renewables (i.e. solar inverters, converters for wind turbines
or grid connection)

e Power supplies for welding equipment

e Uninterruptable power supplies (UPS)

e Medical devices such as X-rays and laser

Published by VACUUMSCHMELZE GmbH & Co. KG, Hanau
© VACUUMSCHMELZE GmbH & Co. KG 2014. All rights reserved.
® is a registered Trademark of VACUUMSCHMELZE GmbH & Co. KG

VAX PI-IA1-EDITION 11/2014 VACUUMSCHMELZE GmbH & Co. KG, Griiner Weg 37, D 63450 Hanau


www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/VDE_IEC_61558/5032-X112.pdf
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GATE DRIVE TRANSFORMERS FOR IGBT

OPTIMIZED FOR INFINEON’S
ECONODUAL™ 3 SERIES

MAIN FEATURES

e Developed for 1200V IGBT applications

e |ow coupling capacitance

e High insulation strength (reinforced insulation)
e \lery high corona extinction voltage

DESCRIPTION

Gate Drive Transformers for IGBT are the key element in the driver
topology supplying the necessary power for switching and maintaining
the safe galvanic separation between the intermediate circuit and
the low voltage control side.

INDUSTRIAL APPLICATIONS

By using toroidal cores made from nanocrystalline VITROPERM® it
is possible to transmit this power in an extremely compact casing.
Advanced insulation and winding concepts ensure highest corona
extinction voltages as well as low coupling capacitances.

The new gate drive transformer T60403-F5046-X100
on Infineon’s evaluation board EVAL-1EDS20112SV
for the EconoDUAL™ 3 IGBT series

ADVANCED MATERIALS - THE KEY TO PROGRESS a t®
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GATE DRIVE TRANSFORMERS FOR IGBT INDUSTRIAL APPLICATIONS
MAGNETICAL AND ELECTRICAL PROPERTIES

Part number n f JUudt P L, L, C, Uig.rms Urams U,ms  Design

T60403-F... kHz uVs w mH pH pF '} kv kv

5046-X100 11.21.2 100 80 3 1.4 0.3 12 848 1.25 1.8 SMT
KEY

n = turns ratio (bold: primary winding) C, = coupling capacitance between primary and secondary
f = working frequency windings (typical value)
JUdt = voltage-time area at primary winding in unipolar operation Usms = Insulation voltage, effective value between primary and
P — transmittable power secondary windings (identical to ‘working voltage’)

. . . = corona extinction voltage, effective value a z
L, = primary inductance (typical value) Unams tinct It ffectl lue at 50 H
L. = leakage inductance of primary winding with secondary Uyms = testvoltage, effective value at 50 Hz between primary

windings shorted (typical value)

NOTES

The above listed gate drive transformer was developed in close
cooperation with Infineon and is optimized for industrial drive
applications using 1200V power modules with current classes up to
900A. The SMT design allows for time-efficient pick-and-place
assembly.

The new evaluation board EVAL-1EDS20112SV for Infineon’s
EconoDUAL™ 3 modules is equipped with this gate drive transformer.
The corresponding application note can be downloaded from
Infineon’s homepage.

POSSIBLE APPLICATIONS
e Industrial drives
(e.q. for elevators, escalators, process automation. ..)
e Uninterruptable Power Supplies (UPS)
e Smart grid inverters

Published by VACUUMSCHMELZE GmbH & Co. KG, Hanau
© VACUUMSCHMELZE GmbH & Co. KG 2015. All rights reserved.
® is a registered trademark of VACUUMSCHMELZE GmbH & Co. KG

TM is a trademark of Infineon Technologies AG

and secondary windings
SMT = Surface-Mounting Technology

The transformer is built according to IEC 61800-5-1 for “Adjustable
speed electrical power drive systems” and features reinforced
insulation.

The data sheet can be downloaded from VAC’s homepage.

Part number T60403-F5046-X100 is the successor of part number
T60403-D4615-X054.

Ophd0
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ISOLATION TRANSFORMERS FOR
NARROWBAND PLC SYSTEMS

INDUSTRIAL APPLICATIONS

4021 . 4031 . 4081 .

4085 . 4096 . 4185 .

MAIN FEATURES

e Excellent transmission characteristics

e High mains current capability, low THD

Matching with all leading IC (modulation methods FSK, DCSK
and OFDM)

Compliant with all PLC standards (HomePlug, CENELEC ...)
Compact designs in THT and SMT housings

Insulation according to IEC 60950, UL 1950 and IEC 61558

DESCRIPTION

Power line communication (PLC) is a type of communication tech-
nology that enables the use of existing wiring infrastructure to
transfer data and information over power lines. PLC is one of the
favored technologies for reliable, cost-effective and high-perfor-
mance communication networking technology in multiple domains.

MAINS CURRENT CAPABILITY

L/,

10
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0.6

05
0.4
0.3
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0.0

4614

5024 . 5032 .

For narrowband PLC systems where the operating frequency may
be up to 500kHz isolation transformers based on amorphous
VITROVAC® or nanocrystalline VITROPERM® offer excellent trans-
mission characteristics, high robustness against EMC interferences
and safe galvanic insulation.

Saturation characteristics
of PLC transformers

(examples)

o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

lms(MA)
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MAGNETIC AND ELECTRICAL PROPERTIES

Part number 0 lis L, L, C, Re. Uis ms Up.rms exira feature

T60403-K... mA mH pH pF Ohm v kV

Operational Isolation

THT Design
4021-X142 1.68:1 50 0.43 6 17 017 100 1.5 compact flat

SMT Design
5024-X097 1.68:1 50 0.43 6 17 017 100 15 ultra-compact
5032-X104 11 90 0.5 6.6 15 0.09 100 1.0 compact
5032-X111 21 130 0.3 5.8 7 017 300 3.0 compact

IEC 60950

THT Design
4021-X144 1.37:1 120 043 1 35 0.22 450 51 compact flat
4021-X145 1.7:1 130 0.34 1 30 0.20 450 51 compact flat
4021-X146 11 100 0.68 1 35 0.26 450 51 compact flat
4081-X004 11 30 1.4 0.8 25 0.20 400 4.0 ultra-compact flat
4081-X007 21 35 0.9 0.3 25 0 250 55 ultra-compact flat
4081-X008 1.36:1 32 1.2 04 25 013 250 55 ultra-compact flat
4085-X004 11 30 1.4 0.8 25 0.20 300 4.0 ultra-compact upright
4096-X046 11 30 1.3 1 12 0.15 500 6.0 standard
4185-X047 11 50 1.4 0.8 15 0.20 400 10.0 high voltage
4614-X010 112 250 0.44 0.9 60 0.02 450 51 high current

SMT Design
5024-X044) 11 30 1.4 0.3 25 0.20 250 55 ultra-compact
5024-X078 11 15 2.5 0.9 50 0.30 250 3.0 ultra-compact
5024-X079 2:1 30 14 0.5 50 012 400 3.0 ultra-compact
5024-X090 1:1:2 35 0.88 04 30 0.10 400 3.0 ultra-compact
5024-X092**) 1:1:2 100 0.7 1 40 0.50 400 4.0 ultra-compact
5024-X099*) 1.1:2 100 0.7 1 40 0.50 400 3.0 ultra-compact
5024-X100 1.4.4 30 1.56 1 25 0.15 400 3.0 ultra-compact
5032-X102 1:1:2 100 07 1 30 0.23 450 51 compact
5032-X114 1:1.15:1.62 120 0.54 1 30 0.22 450 51 compact

*) UL 1950 certified

**) extended performance in the low frequency range

IEC 61558

THT Design
4031-X009 21 5 1.0 017 17 0.08 300 4.2 compact cubic
4096-X047 11 - 1.3 10 5 0.20 500 6.0 standard

a t® ADVANCED MATERIALS - THE KEY TO PROGRESS
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www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X142.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X097.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X104.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X111.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X144.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X145.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X146.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X004.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X007.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X008.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4085-X004.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4096-X046.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4185-X047.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4614-X010.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X044.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X078.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X079.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X090.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X092.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X099.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X100.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X102.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X114.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4031-X009.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4096-X047.pdf
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TRANSFORMER SELECTION

The transformers have been designed to be compatible with PLC chipsets of various IC manufacturers. Depending on individual operating and/or
mounting conditions a preselection may be made.

Part number Atmel  Cypress Enverv  Maxim ONSemi Renesas  STM Tl Yitran Others
T60403-K... ATPL230A  CYSC56** ~ EV80*0  MAX2990 AMIS49587 M16C/6S ~ ST7538  F28PLC83 1800 various
ATPL250A  CY8C58** MAX2991  NCN 49597 ST7540  F28PLC35
NCN 49599 ST7570

ST7580
ST7590
STComet

Operational Isolation
THT Design
4021-X142 X
SMT Design
5024-X097 X
5032-X104 X
5032-X111 X

IEC 60950

THT Design
4021-X144 X
4021-X145 X
4021-X146 X
4081-X004 X X X
4081-X007 X
4081-X008 X
4085-X004 X X X
4096-X046 X
4185-X047 X X X
4614-X010 X X

SMT Design
5024-X044*) X X X
5024-X078 X
5024-X079 X
5024-X090 X X X
5024-X092**) X X X
5024-X099*) X X X
5024-X100 X
5032-X102 X X X X
5032-X114 X

*) UL 1950 certified

**) extended performance in the low frequency range

IEC 61558

THT Design
4031-X009 X
4096-X047 X

ADVANCED MATERIALS - THE KEY TO PROGRESS a 2
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www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4096-X047.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4031-X009.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X114.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X102.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X100.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X099.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X092.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X090.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X079.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X078.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X044.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4614-X010.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4185-X047.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4096-X046.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4085-X004.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X008.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X007.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4081-X004.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X146.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X145.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X144.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X111.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5032-X104.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/5024-X097.pdf
www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/Kerne_und_Bauelemente/Anwendungen/Uebertrager/Ansteueruebertrager/Narrowband_PLC_Systems/4021-X142.pdf
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ISOLATION TRANSFORMERS
FOR NARROWBAND PLC SYSTEMS

KEY

n = turns ratio (bold: mains side winding)

lms = maxmains current (50/60Hz; related to
mains side winding)

L, = inductance of mains side winding (minimum value)

L, = leakage inductance of mains side winding with IC side
winding(s) shorted (typical value)

C, = coupling capacitance between mains side winding and IC
side winding(s) (typical value)

NOTES

A part of above listed isolation transformers are built according to IEC
60950 for “Safety of Information technology equipment” or IEC
61558 “Safety of power transformers, power supplies, reactors and
similar products”. They all feature reinforced insulation. The classifi-
cation to overvoltage category, pollution degree and insulation
material group may be taken from the data sheet.

POSSIBLE APPLICATIONS

e Smart Grid

e Automated Meter Infrastructure (AMI)
¢ |ndoor Networking / Home Automation
e Remote monitoring & control

Published by VACUUMSCHMELZE GmbH & Co. KG
©VACUUMSCHMELZE GmbH & Co. KG 2015. All rights reserved.
®is a registered trademark of VACUUMSCHMELZE GmbH & Co. KG

INDUSTRIAL APPLICATIONS

R, = DC resistance of mains side winding (typical value)

Uigms insulation voltage, effective value between mains side
winding and IC side winding(s) (identical to ‘working
voltage')

U,ms = testvoltage, effective value at 50 Hz between mains side
winding and IC side winding(s)

THT = Through Hole Technology

SMT = Surface-Mounting Technology

The data sheets can be downloaded from VAC’s homepage.

Design modifications are possible upon request.

OFs0
A7
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GATE DRIVE TRANSFORMERS FOR IGBT

ACC. TO IEC 61800

MAIN FEATURES

e |ow coupling capacitance

High insulation strength (reinforced insulation)
Very high corona extinction voltage

Compact designs in THT and SMT casings

DESCRIPTION

In modern variable-frequency drives (VFD) IGBT are used in the
inverter stage for frequency conversion. The corresponding Gate
Driver Circuit needs to supply the necessary power for switching. In
medium to high power applications DC/DC converters are usually
used for this purpose.

Gate Drive Transformers for IGBT are the key element in these
converters maintaining the safe galvanic separation between the
intermediate circuit and the low voltage control side.

INDUSTRIAL APPLICATIONS

By using toroidal cores made from nanocrystalline VITROPERM® it
is possible to transmit the required switching power in extremely
compact casings saving valuable PCB space. Advanced insulation
and winding concepts ensure highest corona extinction voltages as
well as low coupling capacitances.

A large portfolio for typical working voltages between 500V and
1200V is available. The transformers feature different transmission
ratios and voltage-time areas for demanding applications.

DESIGNED FOR INDUSTRIAL DRIVES

i : &
elevators & escalators pumps & fans process automation

ADVANCED MATERIALS - THE KEY TO PROGRESS a t®

VACUUMSCHMELZE



GATE DRIVE TRANSFORMERS FOR IGBT INDUSTRIAL APPLICATIONS
MAGNETIC AND ELECTRIC PROPERTIES
Part number n f -[Udt P L1 Ls Ck l'lis,rms l'lTA,rms Up,rms DeSign
T6040... kHz pVs w mH pH pF v kv kv
3-F5046-X100  1:1.2:1.2 100 80 3 1.4 0.3 12 848 1.25 1.8 SMT
3-F5046-X007 1:1:1 100 85 6.5 1.4 0.3 13 848 1.25 4.5 SMT
3-F4099-X011 1:1:1 100 85 8 0.95 2.4 2.5 500 0.95 4.5 THT
2-C4615-X070 1:1:111:1.11 90 100 8 0.8 13 5 900 1.36 5 THT
3-F5046-X008  1:1:1:1 100 110 4.5 2.32 6.7 9 848 1.25 4.5 SMT
3-D4615-X047 1:1:1 100 250 10 3 0.25 25 848 1.25 5 THT
2-C4615-X065  2.9:1:1 100 340 42 14.5 9 10 1200 1.8 2.2 THT
3-F4185-X046 2:1 20 500 20 22 4 40 1200 15 5 THT
KEY
n = turns ratio (bold: primary winding) Usms = insulation voltage, rms value between primary and
f = working frequency secondary windings (identical to ‘working voltage’)
Judt = voltage-time area at primary winding in unipolar operation Urams = COrona extinction voltage, rms value
P = transmittable power Uyms = testvoltage, rms value between primary and secondary
L, = primary inductance (typical value) windings
L, = leakage inductance of primary winding with secondary SMT = Surface-Mounting Technology

windings shorted (typical value) THT = Through Hole Technology
C, = coupling capacitance between primary and secondary

windings (typical value)
NOTES

The latest addition to this range consists of above listed gate
drive transformers that are built according to IEC 61800-5-1* for
“Adjustable speed electrical power drive systems”. They all feature
reinforced insulation. The specified corona extinction voltages are
being tested at 100 %.

* Please contact VAC for more detailed information on the conformity to UL 61800.

Published by VACUUMSCHMELZE GmbH & Co. KG, Hanau
© VACUUMSCHMELZE GmbH & Co. KG 2016. All rights reserved.
® is a registered trademark of VACUUMSCHMELZE GmbH & Co. KG

All components can be operated at temperatures up to 105 °C.

The data sheets can be downloaded from VAC’s homepage.

Design modifications are possible upon request.

VAX PI-IA 4 -EDITION 10/2016 VACUUMSCHMELZE GmbH & Co. KG, Griiner Weg 37, D 63450 Hanau, www.vacuumschmelze.com


http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/5046-X100.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/5046-X007.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/5046-X008.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/4615-X047.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/4615-X065.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/4185-X046.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/4615-X070.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/4099-X011.pdf
http://www.vacuumschmelze.de/fileadmin/Medienbiliothek_2010/Produkte/piia4/5046-X100.pdf

POWER TRANSFORMERS

MAIN FEATURES

e \ery high power density (total power up to 100kW)

e High insulation strength and corona extinction voltage possible
¢ Highest energy efficiency (more than 99 %)

e Highest reliability over wide temperature range

DESCRIPTION

State-of-the-art DC/AC and DC/DC converters for high power
applications enable high output power levels utilizing switching
frequencies up to 50kHz and more. Therefore sophisticated
magnetic transformers are required to maintain safe galvanic
separation between the input and output.

INDUSTRIAL APPLICATIONS

VAC power transformers offer transmittable powers of up to 100 kW
in extremely compact volumes due to the high saturation flux
density of the nanocrystalline alloy VITROPERM®. Depending on the
required insulation level, the highest corona extinction voltages can
be realized with modern winding techniques.

POSSIBLE APPLICATIONS

.
(@ 4
Electric Vehicles Railways Industrial Inverters

ADVANCED MATERIALS - THE KEY TO PROGRESS a t®
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POWER TRANSFORMERS

CONSTRUCTIONAL BASICS

All' VAC power transformers are based on toroidal cores made of
VITROPERM 500 F. This nanocrystalline alloy offers excellent soft
magnetic properties combined with lowest losses. The size and
number of cores will be determined on the basis of the required
power, working frequency, input voltage level, duty cycle and cooling
conditions.

For modern designs, high frequency itz wire is used for the windings.

Depending on the necessary insulation strength and the partial
discharge requirements, different insulation methods are used. After

TYPICAL CHARACTERISTICS

INDUSTRIAL APPLICATIONS

winding, the transformer will be put into a cylindrical aluminum
casing of the required size. The top of the casing is typically open.

Due to the almost zero magnetostriction of VITROPERM, it is possible
to use a very strong and highly insulation epoxy resin, ensuring safe
encapsulation of the transformer.

Electric properties

Magnetic properties

P kW 3...100 n typical 1.1-6:1
f kHz 5...60 L, mH 5...30
Up s Vv < 1,000 L, puH 1...10
Ly, ims A <500

Usgms v < 4,000

Ura rms v < 6,000

Design parameters

T, °C -40...470
To °C <130
m kg 2...30

The data in the table only represents typical characteristics — if you have different requirements (e.g. higher power or input voltage), please contact us directly.

VAX PI-IA5-EDITION 10/2016



INDUSTRIAL APPLICATIONS POWER TRANSFORMERS

TYPICAL VOLUME AND POWER

The following table gives an overview of the typical transmittable powers that can be achieved with differently sized casings. The power level is
higher if the insulation voltage is below 1kV:

Diameter Height Volume Transmittable power [kW]
[mm] [mm] [ if Uig rms

<1KkV >1kV
76 44 0.25 4 -
130 90 1.2 15 10
157 125 2.3 30 20
220 160 6 100 50

Assumptions: T, = 55°C (forced cooling), duty cycle 50%, f =25... 40kHz

The data in the table only represents typical characteristics — details of size, insulation methods and cooling techniques need to be discussed thoroughly.

KEY
P = transmittable power n = turns ratio (bold: primary winding)
f = working frequency L, = primary inductance (typical value)
U, ms = Inputvoltage, rms value L, = leakage inductance of primary winding with secondary
windings shorted (typical value)
l, ms = outputcurrent, rms value
: . T, = ambient temperature
Usms = insulation voltage,
rms value between primary and secondary windings T, = operation temperature

Urams = COrona extinction voltage, rms value m = weight of transformer

120

100 ¢

80
s
=
g 60
s 4

40

&
20
@
EY . insulation voltage < 1 kV
%
°, . ) B . . . S B insulation voltage > 1 kv

Volume (l)
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POWER TRANSFORMERS

CIRCUIT TOPOLOGIES

VAC power transformers are primarily optimized for hard switching
full-bridge converter topologies, enabling the transmission of high
power with highest efficiency. The common pursuit to reduce the
losses in the semiconductors has resulted in many resonant topo-
logies in recent years. In particular, the so called quasi-resonant
systems have emerged with sinusoidal current and rectangular
voltage, typically using Zero Current Switching (ZCS). It has to be
considered that a certain percentage of reactive power will circulate

COOLING

With an internal efficiency of more than 99 %, VAC power trans-
formers are highly energy efficient. Nevertheless, cooling of the
dissipated heat is still required — the following cooling techniques are
widely used:

1. Pure convectional cooling
2. Forced air cooling
3. (Water) cooled base plate

Published by VACUUMSCHMELZE GmbH & Co. KG, Hanau
© VACUUMSCHMELZE GmbH & Co. KG 2016. All rights reserved.
® is a registered trademark of VACUUMSCHMELZE GmbH & Co. KG

INDUSTRIAL APPLICATIONS

in the system requiring more powerful transformers. The benefits of
lower semiconductor switching losses need to be balanced against
the necessary higher volume of the power transformer.

With the latest SiC semiconductors and their extremely low switching
losses, conventional hard switching topologies might regain their
position as a favoured solution.

In the case of low transmittable powers, convectional cooling might
be sufficient, but the ambient temperature in close vicinity to the
transformer must be monitored carefully. If forced air cooling is
applied, casings with cooling fins should be used. Water cooled base
plates are typically used in very compact designs where no sufficient
air flow can be established. This issue has to be considered from the
very beginning of the design stage, as the dominant heat transport
needs to go through the base of the transformer.

VAX PI-IA5-EDITION 10/2016 VACUUMSCHMELZE GmbH & Co. KG, Grliner Weg 37, D 63450 Hanau, www.vacuumschmelze.com



COMMON MODE SUPPRESSION CHOKES
IN NANOCRYSTALLINE VITROPERM

for Automotive Applications

New Model Range of Common Mode Chokes
for Automotive Applications

e Developed for DC/DC converters in hybrid and electric vehicles

e Automotive qualified in compliance with AECQ200

e Ambient temperature: T, = -40°C...+115°C

* Max. operating temperature with limited duration: T,,=160°C

e Rated insulation voltage: U, = 525 Vg (functional insulation, pollution degree 1)

e Manufacture conforming to "Technical Cleanliness” according VDA Volume 19

General Advantages and Benefits of Nanocrystalline Chokes

e Small size
- High p, high By

e Suitable for high currents and/or high voltages
- High y, high B, optimized core design

¢ Single-stage filter concepts possible
- Extreme broadband attenuation behaviour, high permeability, low capacitance designs,
slow p decline towards higher frequencies, low Q factor in the 150 kHz range

e High efficiency, low dissipation loss
- Low number of windings necessary for high L, filter stage reduction

e Suitable for high and low ambient temperatures and high operating temperatures
—> High Curie temperature, material properties (4, B, A) virtually independent of temperature

e Easy filter design“
-> material properties (y, B,, A, virtually independent of temperature, constant impedance
over a wide common mode current range due to linear magnetization curve

e Optimally adapted solutions for various applications available
- Various |l levels, various VITROPERM alloys

ADVANCED MATERIALS - THE KEY TO PROGRESS a t®
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VITROPERM: Making the most of iron

The nanocrystalline VITROPERM® alloys are materials based on Fe, Si and B with additions of Nb and Cu. By using rapid solidification technology
they are manufactured as thin ribbons in their final thickness of approximately 20 pm. The ribbons are then processed on special winding
machines into toroidal tape-wound cores in the size range from 2 mm to 600 mm (external diameter). For the formation of the nanocrystalline
microstructure, the still amorphous ribbons in the as-manufactured state undergo heat treatment at 500 °C to 600 °C, resulting in a two-phase
structure with fine crystalline grains (mean diameter 10-40 nm) embedded in a residual amorphous phase. This structural feature is the pre-
requisite for achieving the highest permeability and the lowest coercive field strength values. In addition, the low ribbon thicknesses and the
relatively high electrical resistance of 1.1-1.2 p¢2m ensure the lowest eddy current losses and the exceptional frequency response of the perme-
ability. The combination of these properties together with a saturation flux density of 1.2 T and favourable thermal properties make the nano-
crystalline, soft magnetic state-of-the-art VITROPERM material the universal solution for EMC problems, superior in many ways to conventional
ferrite and amorphous material solutions.

liquid matsl
1

cooling | quenching rabs:
1000 000 Halvin 1 s

amarphous metalic sirip,
17-Bpm
spead: 100 km/h {50 mphj

Rapid solidification technology for the manufacture of metal ribbons
with an amorphous (vitreous) structure

Nanocrystalline cores and components have already been
used with great success for many years in common mode
suppression chokes (CMC) in automotive applications due
to their superior soft magnetic properties. Through the
use of cost-effective alloying elements (Fe based) and

modern large-scale series production, VITROPERM has

Crystalline Structure Amorphous Structure Nanocrystalline Microstructure already established itself as a Competitive solution in
many diverse applications.
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Type 1: Dimensions 35mm x 23mm x 35mm

dx Separator
. /—{ﬂm 31 mm yvide
(separation)
3 w: =
i f: .
i e HI]T SR RETE Y M e 1t
b | of ’@@‘
1 () --i--{%p3 L=
0.5
(=35 3.5:0.8
Type Dimensions | Core (magn.) Windings I L [mH] 1ZI [Q] I et [MA]
T60405-R... | Ixbxh |Ext.Diaxint Dia No. of
[mm] xh[mm] | @[mm]| Wind. | [A] | 10kHz | 100kHz | 10kHz | 100kHz | 10kHz | 100kHz | DC
6127-X010 112 2x20 8 26.8 6.2 1,770 | 6,630 16 33 14
6127-X011 118 2x18 9 217 5.0 1,440 | 5,320 18 36 16
6127-X012 1.25 2x16 | 10 171 4.0 1130 | 4,180 20 4 18
6127-X013 1.32 2x14 | 1 131 3.1 867 3,180 23 47 20
6127-X014 | 35x23x35 | 25x 16 x 10 14 2x13 | 12 1.3 2.7 748 2,730 24 50 22
6127-X007 1.5 2 x11 13 8.1 1.9 535 1,930 29 59 26
6127-X008 1.6 2x10 [145| 6.7 1.6 442 1,590 32 65 28
6127-X006 1.8 2x8 194 | 43 1.0 284 1,030 40 81 35
6127-X009 1.9 2x7 21 3.3 0.8 216 780 45 93 40
Other designs available on request.
Example: T60405-R6127-X006
Rc, = 3.4 mQ (typical value) m=40g
10000 T 4 T
.w;,'.wT::irg-rrr stic L late rl
~ /_\ \ / _ % |50 Ohm-System / / \ /
§ 1000 ( E > —
3 / < \ f
2 S /
. H
g A"
100
0.01 0.1 1 10 100 001 p : %00
frequency [MHz] frequency [MHz]
100 100000
o T :
10 { 10000
E 1000 ‘:;;
g o1 100 ‘E
_‘é 0.01 | 1 10 %
0.0001 : : :
0.1 1 10 100

frequency [MHz)
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Type 2: Dimensions 31 mm x 22mm x 33 mm

Ax
/—mm

Separator

3.1 mm wide

(separation)

A
@ = . ' PPV e e s -
0,5
Type Dimensions | Core (magn.) Windings I L [mH] 1ZI [Q] I pet [MA]
T60405-R... | Ixbxh |ExtDiaxint. Dia No. of
[mm] xh[mm] |@[mm]| Wind. | [A] | 10kHz | 100kHz | 10kHz | 100kHz | 10kHz | 100kHz | DC
6127-X015 112 2x16 | 8 13.8 3.2 914 3,310 18 36 16
6127-X016 118 | 2x14 | 9 10.5 2.5 696 | 2,530 20 41 18
6127-X017 125 | 2x13 | 95 9.1 2.1 602 2,180 22 44 19
6127-X018 | 31 x22x33 |21.5x15.6x10.3| 1.32 | 2x11 | 11 6.5 1.5 431 1,540 25 52 23
6127-X019 14 2x10 | 12 5.4 1.3 356 1,280 28 58 25
6127-X020 15 2x9 | 14 4.4 1.0 288 1,030 31 64 28
6127-X005 1.6 2x8 [152| 3.4 0.8 228 820 35 72 31
Other designs available on request.
Example: T60405-R6127-X005
R;, = 3.6 mQ (typical value) m=20g
10000 T 40 T
mted chracera | oo crrce
TN 5
g lemme L N [/
T :, ==ci N
i : . / N
: 1.0 \/
" o fret;uency [MHz]
100 . — 100000
of—— 1B
- 1 \ (rog
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O e i i i I \ I = — 8
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frequency [MHz]
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VITROVAC 6025 Z
Tape-Wound Cores for Magnetic Amplifier Chokes

The world's first amorphous saturable reactor cores. Highly reliable and most efficient since 15 years.
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1. General Info on the Mag Amp Principle

1.1 The Core Solution for Output Control

The magnetic amplifier (Mag Amp) control technique has
become the synonym for reliability in the old 50 Hz days and
still is in modern switched-mode power supplies. Nowadays,
Mag Amps are mainly used in switched-mode power supplies
with multiple outputs to control the output voltages. Push -
pull, forward and - more recently - fly-back converter principles
with Mag Amp regulation have become established.

In most power supplies only one secondary output voltage is
regulated closed-loop to the primary, other secondaries
remain open-loop. The dynamic properties of these outputs
are determined by the load and the primary switch. To control
various different output voltages, independently from one
another, different regulation principles are used. Conventional
linear regulators reduce efficiency and are often limited to
output currents of one or two amperes. Electronic regulators
are more efficient but require more parts in the circuitry and
are therefore more expensive and less reliable.

The Mag Amp regulation principle offers a low cost, efficient
and, owing to the simple design, reliable solution to these
problems. It meets the increasing demands on modern
switched-mode power supplies excellently. An efficiency level
of more than 90% can be realized even at higher switching
frequencies. The low RF interference level is advantageous to
the suppression filter.

The most popular and particularly economic magnetic
amplifiers are those with a performance range from approx.
20 to above 150 W per output, for currents between approx. 1
and 30 A. With the new generation of ultracompact low
voltage ICs (2.9 V, 3.3 V) suitable small Mag Amp cores are
available at attractive prices.

1.2 Cores from VAC

With increasing frequencies core properties have become
more and more important. It is now almost 15 years since one
of VAC's innovative customers ran tests using the Co-based
amorphous VITROVAC 6025Z - at that time vAC'S most inno-
vative core material.

The performance of VITROVAC 6025Z cores was convincing
right from the start. Since then the cores have been
continuously improved and, nowadays more than ever
represent a state-of-the-art alloy for modern power supply
output regulation.

This brochure describes VAC's standard types of VITROVAC
6025 Z cores, their magnetic properties, testing methods and
guaranteed values, gives some hints on how to select the
core size and number of turns, as well as how to estimate
core and copper losses, wire diameter, reset current and
temperature rise.

VAC, a Siemens subsidiary, is the number 1 supplier in
Europe for amorphous and nanocrystalline cores and
inductive components using these cores. Fields of application
for VAC cores and components are transformers and chokes
for digital communication equipment, SMP's and converters
up to several 10kW of power. VAC is certificated according to
ISO 9000 since 1993.

1.3 Basic Principle of Operation

The heart of a Mag Amp-choke is a toroidal core made from
a soft-magnetic alloy with rectangular hysteresis loop and, in
most cases, just one winding for operation and control
currents. The specification requirements with regard to choke
material are very high. In addition to low magnetic reversal
losses (effect on heat build-up, control current, efficiency), a
markedly rectangular hysteresis loop featuring high
remanence (effect on control range) and good saturation
behaviour is required. For this reason, amorphous Co-based
alloys such as VITROVAC 6025 Z have been accepted
worldwide as ideal materials for this application.

The function of the Mag Amp can be described as a high
speed on/off switch similar to a switching transistor. The
rectangular B-H loop is causally related to two operating
states. The switch is open as long as the choke is
magnetized and the current flow to the output is blocked. As
soon as the core material is saturated, the switch is on and
current starts to flow to the output. This effect is based on a
rapid change in impedance I1ZI (or inductivity L or
permeability y) of the choke across 3-4 orders of magnitude
when going into saturated condition.

This switching function is used for pulse width control of the
voltage pulse induced in the respective secondary winding
(before this pulse is rectified and smoothed by the output
filter). Figure 1 provides an illustration of the operating
principle. Intervention takes place at the leading edge of the
pulse by delaying the voltage rise for the time period Atreg .
This ,,off"-state is switched in the ,,on" position when the
core reaches saturation. By modifying the duration of Atreg it
is possible to achieve an exact regulation of the output
voltage. If for example the output voltage becomes too high,
the delay time at the leading edge of the pulse increases and
as a consequence the output voltage decreases until the
desired value is reached. Following the law of induction,
Atreg can be adjusted by varying the operating point A on the
hysteresis loop (see Figure 2), respectively its flux density
swing ABRreg:

N X Ag, X AB,
_\[”nﬂ. —LI_

_ N X Piog

U

At

N represents the number of turns, Are the effective magnetic
cross-section, and 0 is the voltage applied. ¢reg= AreX ABReg
is designated as magnetic flux from operation point to
saturation.

During the switch-off period of the primary switching
transistor the reset of the Mag Amp from saturation to the
operating point A is achieved by applying a current in the
opposite direction. Some remarks on the regulation circuitry
are given in Appendix 4.3. Figure 1 illustrates the waveforms
of voltage and current for a single forward transformer with a
duty cycle of 0.5 at different positions of the circuitry. u1
represents the transformer output voltage. Waveform
Umagamp Shows the voltage applied to the Mag Amp. Please
note that the volt second products of reset (,,reset area")
and the following delay period (,,delay area") are equal. The
voltage at the output side of the Mag Amp is given in
waveform u2 with u2 = u1 - umagamp. The rectified voltage at
the input of the smoothing filter is shown as u3.
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Figure 1: Basic Operating Principle of Magnetic Amplifier Regulation
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The "dead time" defined as Atgeaq in Figure 1 occurs due to
the non-ideal characteristics of real magnetic materials
regarding the difference between remanence and saturation
(even if, e.g., amorphous metals have already come very
close to this ideal). The magnetic core will always be
magnetized from remanence to saturation even if no control
current is applied. During this period the voltage is blocked.

Dead time is dependent on remanence flux density swing
ABis and, of course, on the magnetic cross-section and
number of turns. Naturally, this additional voltage drop
needs to be taken into account when defining the transmitter
output voltage. The latter has a major influence on the
design of the choke, i.e. cross-section and number of turns.
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Operating point A

Figure 2: Operating on the B-H Loop of the Magnetic Core

2. Properties of VITROVAC 6025 Z Cores

2.1 Magnetic Properties

Table 1: Magnetic Properties of VITROVAC 6025 Z Cores
(typical values)

Property Term Typical Value
Saturation flux density (25 °C) Bs 0.58T
Saturation magnetostriction (25 °C) As <0.2x10°
Curie temperature Tc 240 °C
Bipolar flux density swing (25 °C) ABgs 1.15T
Bipolar flux density swing (90 °C) ABgs 1.0T

Bipolar flux density swing (120 °C) ABss 0.8 T (min.)

2.2 Magnet Quality

The magnet quality defines test conditions, test scope, and
permitted limiting values to ensure proper operation of Mag
Amp chokes with VITROVAC 6025 Z cores. The relevant
core properties are:

« total flux ¢es => to avoid voltage drop at low loads

* squareness of the
hysteresis loop B(H)  => to avoid voltage drop at full loads
* cores losses => to avoid excessive temperature rise

The total magnetic flux of each single core produced by VAC
is measured on-line during core production. Testing
conditions and limiting values for the squareness of the
hysteresis loop and the core losses are defined in our
magnetic quality XCZ-500 shown below. Additionally, a data
sheet for each core size can be supplied.




Table 2: Magnetic quality XCZ-500:

Testing property

Testing method

Testing value

cased cores coated cores
outer diameter outer diameter outer diameter | outer diameter
> 12,5 mm: <12,5 mm: >12,5 mm: <12,5mm:

squareness measurement of the residual flux

density swing AB,s from remanence to <50mT <75mT <80mT <140mT

saturation with unipolar voltage

pulses, fp = 1 kHz
core losses P, measured with sinusoidal driving

voltage (f = 50 kHz) and flux density < 65 W/kg <75 W/kg

amplitude Bnax =04 T

When multiplied with the number of turns N and the effective
iron cross-section Are, the remanence flux density swing ABis
determines the choke "dead time" (see section on
dimensioning notes). The measurement at 1 kHz does not
take into account the dynamic reduction of AB.s from approx.
100 kHz, and therefore simulates worst case conditions. The
remanence flux density swing AB. is dependent on core
dimension and core fixing. Typical AB. values for cores in
cases are between 15 and 40 mT

Magnetic reversal losses Pre are a gauge for core heat build-
up as well as the reset current required. Figure 3 shows
typical magnetic reversal losses for VITROVAC 6025 Z cores,

1,000

measured with sine-shaped induction. In practice, somewhat
higher losses are to be expected for unfavourable voltage
form factors and operation of cores far into their saturation
(high output currents).

An alternative testing method is to drive the cores with a
field strength of about 80 A/m (= 1 Oe) and a frequency of
100 kHz and measure the relevant parameters directly from
the dynamic hysteresis loop. As the results are influenced by
the quality of the amplifier used for the measurement, we
prefer to use this testing method for characterization of the
cores only, and not for final testing. Typical values of
VITROVAC 6025 Z cores with this “dynamic loop method"
are indicated in Figure 4.
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Figure 3: Typical Core Losses of VITROVAC 6025 Z Cores
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VITROVAC 8025 2

H = B0 Afem
f=100 kHz

B, =0.58T(20°C)
B,=0.57 T(20°C)

B/B, =98 %

He = 18 Adgm (20°C)

™ T=200C

f
™ Tw= 100 5C

Figure 4: Dynamic Hysteresis Loop (Typical Values)

2.3 Application Temperature Limit and
Temperature Characteristics

VITROVAC 6025 Z tape-wound cores have been designed
for an upper continuous operating temperature of 90 °C. At
higher temperatures, irreversible changes in dynamic
coercive force might occur to a minor extent; however, up to
approx. 120 °C these are usually within the typical variation
range of magnetic characteristics.

The reversible temperature dependence of core losses,
coercivity and remanence flux density swing AB;s are
negligible in most cases (see Figure 5). However, please
note that at higher temperatures a lower total flux density
swing has to be considered (see Table 1).
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Figure 5: Reversible Temperature Dependence of Core Losses Pr. and Remanence Flux Density Swing AB,s




2.4 Core Design and Standard Sizes

Table 3: VITROVAC 6025 Z cores for Mag Amps, standard sizes, Fix 022

ds d> hy Are Ire Mee bss dss,min [Acy lcu Rin WoaxAge |part number
Ds D, Hi cm’? cm g (25°C) | (90°C) |cm?® cm KW cm?* T60006-E4
mm mm mm MWD MWD

8.0 4.6 4.0 0.054 1.98 0.8 6.2 5.4 0.019 1.91 79 0.004 ...008-W462
9.7 3.1 51

10.0 8.0 4.0 0.032 2.83 0.7 3.7 3.2 0.082 2.01 56 0.011 ...010-W534
116 |65 5.1

10.1 6.9 4.5 0.058 2.67 1.2 6.7 5.8 0.059 2.24 57 0.014 ...010-W663
11.6 55 6.0

12.8 9.5 3.2 0.042 3.50 1.1 4.8 4.2 0.121 2.23 44 0.021 ...012-W464
147 179 4.8

12.0 8.0 4.5 0.072 3.14 1.7 8.3 7.2 0.085 2.45 47 0.025 ...012-w547
140 |66 6.2

12.5 10.0 5.0 0.050 3.53 14 5.8 5.0 0.140 2.56 42 0.028 ...012-W535
14.0 8.5 6.8

14.0 8.0 4.5 0.108 3.46 2.9 12.4 10.8 0.082 2.53 44 0.036 ...014-W481
15.5 6.5 57

16.0 10.0 6.0 0.144 4.08 4.5 16.6 14.4 0.131 3.20 34 0.076 ...016-W536
179 182 8.2

17.5 12.5 6.0 0.120 4.71 4.4 13.8 12.0 0.231 3.30 30 0.112 ...017-W537

191 [10.9 8.1

19.0 [150 |50 0080 (534 |33 9.2 8.0 0329 (317 |27 0.106  |[..019-W539
212|130 |73

19.0 15.0 10.0 0.160 5.34 6.6 18.4 16.0 0.329 4.25 24 0.212 ...019-W540
21.2 13.0 12.3

20.0 12.5 8.0 0.240 5.1 9.4 27.6 24.0 0.206  [4.05 26 0.200 ...020-W538
22.6 10.3 10.2

25.0 16.0 10.0 0.360 6.44 17.9 41.4 36.0 0.360 4.96 19 0.523 ...025-W541
27.9 13.6 12.5

25.0 20.0 10.0 0.200 71 10.9 23.0 20.0 0.568 [4.91 18 0.459 ...025-W542
2717 171 12.9

30.0 20.0 10.0 0.400 7.85 24.2 46.0 40.0 0.602 5.37 16 0.973 ...030-W543
32.8 17.6 12.5

40.0 25.0 15.0 0.900 10.2 70.8 103.5 90.0 0.975 7.43 11 3.547 ...040-W544
43.1 22.4 18.5

40.0 32.0 15.0 0.480 11.3 41.8 55.2 48.0 1.612 7.30 10 3.127 ...040-W545
43.3 28.8 18.3

d; = nominal external diameter of core W,XAr, = core area product in cm*, used in some other
d, = nominal internal diameter of core methods of Mag Amp choke design. W, is the
hy = nominal height of core available winding area of the case in cm?
D:; = maximal external diameter of case Pss = total flux in yWb with ¢ss = 2 X Bs X Are.
D, = minimal internal diameter of case dss,min = total flux in pWb (minimum value at 90°C)
Hs = maximal height of case
Ar. = effective iron cross-section in cm?
l,e = mean iron path length in cm
Mge = COre mass in g
Ac. = effective copper cross-section in cm? (calculated by using a
copper fill factor 0.33 and a remaining hole ratio of 0.5. The
remaining hole ratio is the internal diameter of the wound core
(remaining hole) divided by the interior diameter of the case)
lcu = mean length of a copper turn in cm Updated core range and most popular standard sizes can be
Ri = heat transfer resistance of an open wound choke with seen under http://www.vacuumschmelze.com

free convection in K/IW




The standard core sizes for Magnetic Amplifiers are
preferably supplied in plastic protective cases, adding
silicone rubber (Fix 022). This finish is suitable for direct
winding and offers optimum mechanical protection for the
core, and thus the best magnetic properties. The resins
used for the core cases fulfil for the most part UL94V-0 (with
130°C heat resistance), in particular cases UL94HB (with
120°C heat resistance).

As a further type of finish we are able to offer an epoxy resin
coating (Fix 350). Due to the reduction of the magnetic

3. How to calculate a Mag Amp Choke

Although the Mag Amp choke is a very simple inductive
component consisting of a core and some copper turns only,
careful consideration of all influencing parameters is
necessary to achieve a cost optimized design without too
high temperature rise of the choke.

variables:

effective cross-section Ar. (core size)
number of turns N wire diameter dcy
winding area Acu

influencing factors:

circuit design

output voltage U4

voltage drops in magnetic amplifier controlled circuit
voltage drops in main circuit

possibly: short-circuit-proof design

to be taken into account:

magnetic core losses
copper losses
dead time" of magnetic amplifier choke

3.1 Selection of Core Size and Number of Turns

Starting parameters are

« the wire size (which is determined by the output current, for
example current density S = 4 A/mmz) and

« the voltage Ureg Which the Mag Amp choke should control.

Ureg can be calculated for a given transformer output
voltage 0 min Where there are no short-circuit requirements
by:

UReg = 0t X Tmax X O min — U1

properties this type of fixing is only to be recommended if
special core sizes are required.

2.5 Order Information

For your orders please use our part numbers as given in
Table 3.

In addition to the delivery of cores, we also offer the
possibility of purchasing already wound cores (components).
You will find information on these in our product sheet PB-
410-2.

and for a short-circuit-proof design by:

UReg = O X Tmax X a min
twax IS then the maximum duty cycle ratio of the primary

switching transistor, o = 1 for forward converter principle, o
= 2 for push-pull.

If the transformer voltage is not fixed, Appendix 4.2 gives
some hints on how to find a suitable value.

» The required number of turns can be calculated by:

10x U, (V)
% 0.8(T) x Kx A_(em?) x f (kHz)

K is a correction factor for AB to limit the temperature rise
due to core losses (see Figure 6).

« start with a small core
* increase core size, until the required number of turns can
easily be distributed around the core in a single layer.

Now “empirical optimization" can start. Here, the following
notes may be helpful:

« If the magnetic amplifier choke becomes too hot during
open circuit or short-circuit operation, iron losses are the
reason. A solution is to increase either the iron cross-
section Are or the number of turns N.

« If excessive heat build-up in the choke during full load
operation occurs, the copper losses are too high. In this
case, the wire diameter has to be increased. The next core
size with a larger winding area is then perhaps necessary.

» “Too high" secondary voltages of the transformer cause
excessive full load operation losses. If this occurs the
choke will still need to correct this "excess" voltage, even
under full load operating conditions, thus causing
additional losses. A correction of the turn ratio (if possible)
can solve this problem. Please see also Appendix 4.2.
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Figure 6: Empirical Correcting Factor K for a Temperature Rise of about 30 K

3.2 Estimation of the Control Current The reset field strengh H can be estimated by:
1
The control current Isis given by: AB. (T) = 0x U, V)
Hee axNxA_(em?) x f (kHz)
H_(mA/ecm)x | (cm) with:
- N
AB,, (M
H_{mA / em) = 0.47 X f (kHz}'** x T

3.3 Example:

Single forward converter principle; transformer output voltage (amplitude) 0 min = 12 V; switching frequency f = 150 kHz; duty
cycle tmax = 0.5; output current I1 = 10 A (RMS); U; =3.3 V.

Not short-circuit proof: Short-circuit proof:

* Required cross sectior21 per wire with current density » Required cross section per wire with current density
S =4 A/mm®: 2.5 mm S =4 A/mm?: 2.5 mm?

* Voltage which the Mag Amp choke should control: + Voltage which the Mag Amp choke should control:
UReg = @ X Tmax X U min — U1 Ureg = 0 X Tmax X U min
UReg=1X0.5X12V—3.3V=2.7V UReg=1X0.5X12V=6V

First approach with core T60006-E4008-W462: First approach with core T60006-E4012-W535:

8x4.6 x4 mm 12.5x10 x 5 mm

Are = 0,054 cm* Are =0,05cm”

Ire =1.98cm lre =3.53cm

K =1 (value taken from fig. 6) K =1 (value taken from fig. 6)
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* Minimum number of turns:

N

I

* Minimum number of turns:

‘ID:-:UM(V)

o x 0.8 (T) x Kx Arn {om?) x T (kHz)

N> ___lox27v.
T 1x08Tx1x0.054 cm’ x 150 kHz

The available copper winding area Acy according to Table 3
is about 2 mm*. Thus there is no possibility to wind 5 turns of
copper wire with cross section 2.5 mm®.

Next approach with core T60006-E4012-W535:

12.5x 10 x5 mm

Age = 0.05 cm?
lre =3.53cm
K =1 (value taken from fig. 6)

* Minimum number of turns:

10x2.7V

NEg ———————— ——
1x0.87Tx1x0.05 cm®x 150 kHz

The available copper winding area Acy according to Table 3
is about 14 mm®. Empirical testing now can start with this
core.

« Calculation of required control current

~ 10x8V

> — =10
1x0BTx1x0.05em®x 150 kHz

The available copper winding area Acy according to Table 3
is about 14 mm“. Thus there is no possibility to wind 10
turns of copper wire with cross section 2.5 mm®.
Next approach with core T60006-E4017-W537:

17.5x12.5 x 6 mm

Are = 0.12 cm?
Ire = 471 cm
K =0.6 (value taken from fig. 6)

* Minimum number of turns:

NS 10x6Y =7
 1x08Tx06x0.12cm?x 150 kHz

The available copper winding area Acy according to Table 3
is about 23.1 mm®. Empirical testing now can start with this
core.

* Calculation of required control current

10 x U, (V)
‘3B|J {T] = .-.
B axNxA_ (em? x f (kHz)
N N O | - =072T AB,, ()= 10XV =048T
- 1 x5 x0.05 cm2 x 150 kHz ! 1x7x0.12em2 x 150 kHz
8B, M
H, (mA/em) =047 x f (kHz)'* x ———
0.8
H_ (A / cm) = 0.47 x 150" kHz x 2721 H, (MA / cm) = 0.47 x 150" kHz X D';‘BBT
A
H, (mA/ om) =222 = H_(mA /cm) = 148 MA
Qi ’ cm
H, (mAfem) x| (em)
o N
222 mA/ 3.53 4 3 .
| = (222 mA / cm x 3.53 cm) — 46T mA - {1 BmA/me4?1c:m_}=mOmA

5

Allow for some margin.

7

Allow for some margin.




4. Appendix

4.1 Core and Copper Losses in Theory
Before or in addition to experimental testing, the following

approximation formula can be used to check the
temperature rise due to core and copper losses:

Core losses Pr. (approximation):
Pre (W / kg) = 0.021 x f 2 X ABReg” + 0.109 X f'° X ABReg'®

with f in kHz and ABRregin T.
Temperature rise ATre:

ATre (K) = Rih (K/ W) X Pre (W / kg) X mee (kg)

Copper losses Pcy (approximation not considering skin and
proximity effects):

L AF x NEx I, (em) x p,., (€2m)

L]

P. (W)=

20x A, [em?)
Temperature rise ATcy:

AT, (K) =R, (K/W)x P, (W)

lowt is the maximum output current (direct current).
Approximate values of the heat-transfer resistance of an
open wound choke Ry with regard to free convection are
listed in Table 3, as well as Are, Acu, Ire, and Icy. The specific
electrical resistance of copper pcy is given for T= 80-100 °C
as p =2.3 yom.

The total losses will be smaller than the sum of magnetic
reversal losses and copper losses as in full load operation
(maximum copper losses) the control current and thus ABRreg
and Pre will be particularly low. Theoretical definition of the
worst case, i.e. the operating condition with maximum total
losses, is difficult; for this reason, we recommend
proceeding empirically.

4.2 Notes on more Theoretical Fine Tuning

Some more theoretical ,.fine tuning" is possible, if the
transformer output voltage can be adjusted. Then, the
following iteration process may be used.

Please see Figure 7 for explanation of the voltages and
voltage drops in a typical SMP's configuration.

10

estimate U, (typically up to a few volts)

-

calculate 0,

= i'l,k.u +* IE.'| : -’\f."l xil. 1i ﬂl.f.'rﬂ ]
mim i ’-rl‘l

mE

u =
axt
'

calculate Ug,,

not short circuit proof short circuit proof:

Ugeg =axrt  xi,.—U, ‘ Upy =aXT ., %4

: b

calculate core size - number of turns (see Chapter 3.1)

10 U, (F)
Nz —— — °f -
ax08(T)=x K= A (cm® )= f(kHz)

first second and more runs l
fun

reduction of number of turns

and/or core size possible?

=

no

caloulate U

U, (V)y=01xax Nx A (cm® )x f(kHz)x AB,(T)

exit |
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Figure 7: Principle Circuit with Voltages and Voltage Drops

4.3 Notes on Regulation Circuits

Several different principles of regulation circuits are well-
established. To describe them all would be beyond the scope
of this brochure. The interested readers are referred to the
relevant literature. In the following, some general remarks are
given and two well known principles are summarized.

The volt seconds applied to the Mag Amp during the switch-off
period of the transformer secondary circuit adjust the
operating point of the Mag Amp due to the desired delay of the
following pulse. This is done by either "voltage-" or “current-
reset". The preferred type of reset depends mainly on the
design of the reset circuit and its output impedance,
respectively.

For example with a shunt controller 1C 431 very precise
regulation circuitries are possible which are easy to implement
and attractive in price. Very compact Mag Amp regulated
switch mode power supplies in a modular design can easily be
realized by using an integrated controller. The UC1838 for
example has been designed specifically as a controller for
Mag Amp switching regulators and provides a low-cost, easy
to use, single chip solution.

transistor-regulated

magnetic amplifier-
regulated

1



5. Definition of Terms

AFe
ACu

|Fe
As
MFe

PFe
I:)Cu
(O

q)ss,min

q)Reg

12

effective iron cross-section in cm?

effective copper cross-section in cm? (calculated
by using a copper filling factor 0.33 and a
remaining hole ratio of 0.5. The remaining hole
ratio will be the internal diameter of the wound
core (remaining hole) divided by the interior
diameter of the case)

factor = 1 for single cycle feed forward converters,
= 2 for push-pull feed forward converters
saturation induction

remanence

the flux density swing in T corresponding to Ureg
maximum flux density swing in T (recommended:
ABss<0.8T)

remanence flux density swing in T (see magnetic
quality)

flux density amplitude (peak value)in T

nominal external diameter of unfixed core in mm
nominal internal diameter of unfixed core in mm
nominal external diameter of fixed core in mm
nominal internal diameter of fixed core in mm
frequency in kHz

pulse repetition frequency in kHz

nominal height of fixed core in mm

nominal height of unfixed core in mm

reset field strength in mA/cm

maximum output current (direct current) in A
control current in mA

waveform of the current of the Mag Amp regulated
circuit

correcting factor for taking into account magnetic
reversal and copper losses (see Figure 6)

mean length of a copper winding in cm

mean iron path length in cm

saturation magnetostriction

core mass in g

number of turns

magnetic reversal losses of the core in W/kg
copper losses of the winding in W

total flux in yWb with ®@gss = 2 x Bs X Are

total flux in yWb (minimum value at 120°C)
magnetic flux corresponding to ABreg

Pcu

Rin

Tc

ATFe
ATcy
AtReg

Atdead

Tmax
UReg

Uo

AUg

AU

AUdead

)

Gmin
ui
u2

u3

UMagAmp =

3
Wa*AFe

specific electrical resistance of copper (pcu ~
2.27*10°Qm at T = 80-100 °C)

heat-transfer resistance of an open wound
choke with free convection in K/IW

max. permissible current density of wire

Curie temperature

maximum excess temperature of the core in K
maximum excess temperature of the winding
in K

delay time of the
corresponding to ABreg
dead time of the core corresponding to ABs
maximum pulse duty ratio of the primary
switching transistor

maximum voltage in V to be controlled by the
magnetic amplifier choke

nominal output voltage in V (Figure 1 and 7) of
main output (transistor regulated)

nominal output voltage in V (Figure 1 and 7) of
magnetic amplifier regulated output

voltage drops in V (Figure 1 and 7) in main
circuit

voltage drops in V (Figure 1 and 7) in
magnetic amplifier-regulated circuit (without
voltage drop across the magnetic amplifier
choke)

minimum voltage drop in V across magnetic
amplifier choke (,dead time*)

transformer output voltage (peak value) for the
Mag Amp controlled output in V

minimum value of G

waveform of the transformer output voltage
waveform of the voltage at the output side of
the Mag Amp
waveform of
smoothing filter
waveform of the voltage applied to the Mag
Amp choke

permeability

core area product in cm4, used in some other
methods of Mag Amp choke design. W, is the
available winding area of the case in cm?
impedance

Mag Amp choke

the input voltage of the
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VACUUMSCHMELZE

Tape-Wound Cores for
Magnetic Amplifier Chokes

nanocrystalline VITROPERM 500 Z

New core material

VITROPERM" 500 Z - a new class of Fe-based nanocrystalline
soft magnetic material developed specially for use in Saturable
Reactors and Magnetic Amplifiers is another innovative
development by VACUUMSCHMELZE GmbH & Co. KG to meet
the ever increasing demands of the marketplace.

Benefits of nanocrystalline MagAmp cores

M  high squareness — enabling good regulation behaviour
and reduced dead-time of MagAmp Choke

M  very high induction swing - high magnetic flux in
small core sizes

M  extended temperature range up to 120°C
M  low coercivity - enabling small reset currents

M low core losses — for operation at high frequencies

0 reduction of weight, volume and costs

This newly developed material complements the already existing
amorphous material - Co-based high-squareness VITROVAC”
6025 Z. This is presently being widely used in Magnetic Amplifier
Chokes (MagAmps) for secondary output voltage regulation in
various kinds of SMPS with multiple outputs.

Making use of the specific material properties of nanocrystalline
VITROPERM 500 Z enables reliable MagAmp circuits with good
performance in smallest component sizes at significantly reduced
costs. Thus, the MagAmp Regulation principle becomes even
more attractive in future projects.

The unique property profile of nanocrystalline VITROPERM with
flat hysteresis loop prooved to be the most advantageous core
material in noise suppression and power conversion, as well as
current detection in many different industrial and domestic
applications. It combines excellent soft magnetic properties with a
very high saturation induction of 1.2 Tesla making this
nanocrystalline material all the more interesting where volume and
cost matter most.

Furthermore, the thermal stability of the nanocrystalline structure
is superior to amorphous materials thereby allowing continuous
operating temperatures of up to 120°C and more. With these
unbeatable properties, our new square-loop VITROPERM 500 Z
with its very high remanence ratio (low ABs, high squareness) is
the ideal choice for engineers to design MagAmp circuits which
are highly reliable and cost-effective.



I Material data, magnetic properties VITROPERM 500 Z* | VITROVAC 6025 Z typ. hysteresis loops

nanocrystalline

Material base Fe-based
Saturation flux density (25°C), Bs 12T
Bipolar flux density swing (25°C), ABss, 25°c 235T
Bipolar flux density swing ( 90°C) , ABss, g0°c 215T
Squareness, B / Bs (typical value) > 94%
Core losses Pre (typ. value at f = 50 kHz, AB = 0.8 T) 100 W/kg
Static coercivity H, <10 mA/cm
Saturation magnetostriction (25°C) <05x10°
Curie temperature, T > 600°C
Continuous upper operation temperature 120°C
Specific electrical resistivity 1.20 yOm
Density 7.35 glcm®

amorphous
Co-based
0.58T
115T
1.0T
> 96%
60 W/kg
3 mA/cm
<0.2x10°
240°C
90°C
1.35 uQm
7.70 glom?®

1500

T=25C
f=10kHz

VITROPERM 5002

1000

VITROVAC 60252
T

/f

@
g
o 8

induction B (mT)

&
S
8

N

-1000

-1500

2500 0 2500

Driving field (mA/cm)

# All material data are typical values and preliminary. Deviations to these material characteristics are permitted due to product shape and size.

The following table describes our standard core series of nanocrystalline VITROPERM 500 Z cores. As this standard core range is
supplemented continuously, we recommend to contact us for an updated list or to visit our web page: www.vacuumschmelze.com

I Core type series of nanocrystalline VITROPERM 500Z MagAmp cores

core finished dimensions core mean core total total core eff. Cu- mean heat  part number,
dimensions limiti I cross-  core mass flux' flux' area’ winding Cu- transfer order code
(limiting values) section path 25°C 90°C product area path Resis-
garc"'ex dicore length length  tance
core oD. ID. H Ao e Mre G Goscc WaxAre  Acu e Ren
mm mm mm cm? cm g MWb MWb cm* cm? cm KIW T6000...
10x7x4.5 11.7 55 6.1 0.054 2.67 1.1 12.7 11.9 0.013 0.059 2.27 57 6-L2010-W759
11x8x4.5 141 6.6 6.3 0.054 2.98 1.2 127 11.9 0.018 0.085 2.53 46 6-L2011-W760
12x8x4.5 141 6.6 6.3 0.072 3.14 1.7 16.9 15.8 0.025 0.085 2.53 46 6-L2012-W761
12.5x10x4.5 14.1 8.5 6.8 0.045 3.53 1.2 10.6 9.9 0.026 0.140 2.59 42 6-L2012-W762
12.8x9.5x3.2 147 7.9 48 0.042 3.50 1.1 9.9 9.3 0.021 0.121 2.26 44 6-L2012-W803
16x10x6 18.0 8.0 8.1 0.144 4.08 43 338 317 0.072 0.124 3.25 34 6-L2016-W763
16.5x12.5x6 19.1 109 8.1 0.096 4.56 32 226 2141 0.090 0.231 3.30 30 6-L2016-W764
17.5x12.5x6 191 109 8.1 0.120 4.71 42 288 264 0.112 0.231 3.30 30 6-L2017-W765
19x15.2x45 212 129 7.2 0.068 5.37 2.7 16.1 15.0 0.089 0.323 3.28 27 6-L2019-W766
20x15%8 226 103 10.2 0.160 5.50 6.5 376 352 0.133 0.206 4.08 26 6-L2020-W767
20x12.5x8 226 103 10.2 0.240 5.1 9.0 564 528 0.200 0.206 4.08 26 6-L2020-W768

1(l‘:)sszszsxAFe

Our MagAmp cores of VITROPERM 500 Z are preferrably supplied in plastic protection boxes,
adding silicone rubber (Fix 022). The new material can be identified according to following color

scheme:

Plastic case: - dark grey (all)

Plastic cover:
- brown (W760, W764, W767)

- black (W759, W761, W762, W763, W765, W766, W768)

Our plastic boxes are suitable for direct winding (even with thick copper wires) and offer

optimum mechanical protection for the nanocrystalline core material. This g

uarantees best

magnetic properties. All materials are according UL94V-1/0 (UL-file no. E41871).

Epoxy coated and further core sizes are available upon request.

I Magnetic quality, Test specification

Testing property Testing method, Test conditions

Testing value

cased cores
.« squareness measurement of residual flux density swing ABs from
AB,s remanence to saturation with unipolar current pulses <150 mT
(corr. H = 200 A/m), repetition frequency f, = 1 kHz.
o measured with sinusoidal driving voltage (f = 50 kHz
core losses Pr. 9 ge ( ) <120 W/kg

and flux density amplitude swing AB = 0.8 T.

2 W, % Age : core area product in cm4, W, is the available winding area of the case

The Magnetic Quality defines test
conditions, test scope and permitted
limiting values during final inspection
of VITROPERM 500 Z cores.

Additionally, the total magnetic flux of
each single core is measured on-line
during core production to ensure
proper and reliable operation in
MagAmp Choke applications.



I Frequency behavior of Pg,, H. and AB,; of nanocrystalline VITROPERM 500Z MagAmp cores ( T = 25°C )#

The plotted magnetic reversal losses L™ T 1
(core losses) Pre are measured with - Peo [W/kg] =0.42 x (AB [T] x f [kHz])"5
sine-wave induction.

/|
Typical values for frequencies up to //
about 200 kHz can be determined ///
from the graph directly or calculated 100

with the help of the following
estimation formulae:

ANEIANEAN

N\

Pr. [W/kg]=0.42 x (AB x f)"*
Pr. [ MW/cm®] =3.09 x (AB x f)"°

AN

Core losses Pg, [ W/kg ]

A A

yy&
i

. L
with flux density swing AB in T and ?
frequency f in kHz. §’// /&a ‘&z,

N4

>

However, unfavorable voltage wave _ —
form factors or operation of the cores / H W/kg‘ 7.35 mwiem ‘
far into their saturation can, in 1 ‘

practice, offer somewhat higher 1 10 100 1000
losses. Frequency [ kHz ]

The pronounced squareness of the
hysteresis loop of nanocrystalline
VITROPERM 500 Z MagAmp cores flone
will improve even further with
increasing frequency by a dynamic
reduction of the residual flux density
ABs.

H, (for H,,,, = 50 A/m)

Typical ABs values are between 50
and 70 mT at switching frequencies
of 100 kHz, which corresponds to a
squareness ratio of > 94%. These
properties enable short ,dead times*
in MagAmp chokes and thus good
regulation behavior even at high
switching frequencies.

100

— AB, (for H,,,, > 100 Alm) |

m:

Coercivity He [ mA/cm ]

Residual flux density AB,s [ mT ]

MagAmp cores of nanocrystalline
VITROPERM 500 Z offer reasonably
small H; values enabling small reset
currents of the regulation circuit. 10

1 10 100 1000
Frequency [ kHz ]

I Thermal stability of nanocrystalline VITROPERM 500Z MagAmp cores #

VITROPERM 500Z tape-wound cores 1,6 120
can be operated at upper continuous
temperatures of 120°C and ,hot spot* 1,4 100
temperatures of up to 140°C due to - _ B, (left scale) =
the excellent thermal stability of the Fogo I L go =
nanocrystalline material structure. E ’ \ ol
i L o
Even at operational temperatures of ,§ o & :
120°C, the saturation induction of S °
VITROPERM 500 Z exceeds 1.0 T, T 08 [40 2
allowing max. bipolar flux density c %
i f about 2.0 T. 2 06 ; F20 =
swings of abou E OB, (right scale) °
The reversible temperature changes 2 04 ~>  0 E
of coercivity Hc, core losses Pre and 0 ] ¥
residual flux density ABys are typically 02 Pre , H, (right scale) 20
below 10 - 15% in the temperature ’
range from - 40°C to + 130°C. 00 40
-50 -30 -10 10 30 50 70 90 110 130 150

Temperature T [ °C ]

# All material data are typical values and preliminary. Deviations to these material characteristics are permitted due to product shape and size.



I Application Notes, Design Informations and further Calculation formulae

PWM

Some different calculation methods are commonly used for MagAmp Choke
design. The most important core data are given in the type series table (see
previous page). More detailed application and calculation notes are described in
our leaflet PK-002 (Tape-Wound Cores for Magnetic Amplifier Chokes,
VITROVAC 6025 Z). The following calculation steps* should be used for a first
selection of cores made of VITROPERM 500 Z and winding for short circuit
proof designs. More accurate results are possible with our design software tool
VAC MagAmp Calculator* (operating under Microsoft EXCEL" 97/ 2000).

1. Determine wire current density S (typically S il
=5—-10 A/mm?) and calculate wire size and acy (MM = 5 (A /mm2]
wire cross section acy:

Mag Amp Choke Iy 2. Calculate regulation voltage Ureg of MagAmp
. Choke: Ureg [V]= 0 x Ty x Og i [V]
Forward Converter with MagAmp Choke, Master — Slave Type Tmax = Max. pulse duty ratio of primary switch, Gy min
= peak value of transformer output voltage
(o = 1 for forward converters, o = 2 for push pull converters with 2 MagAmps)
-"\UReg AU1 Iy
J° Select core (start with small core) and . 10 x Ugeg[V]

calculate no. of turns (min. value): T 0x20[T]xAx [cm?] x f[kHz]

5| i . Check winding space of selected core (Ac, [cm?] = ac, [cm?] x N) or
vl Regulation circuit recalculate min. no. of turns for next bigger core size.

5
Mag Amp Choke I, 5. Calculate regulation flux density 10 % Upol[V]
swing ABreg BroglT1= o N A, [c?z] L fIKHz]

(criterion: ABgeg < (2 X Bs) - AB)
Forward Converter with MagAmp Choke, Modular SMPS Type

a 6. Calculate temperature rise
AlRe, A
> ﬁ, of winding ATc, R [KMW] x| 4 qusl AP x N2 x I, [em] x pe, [Qm]

(Pes = 2.27 X 10° Qm) ATe[K] = 20 x Ac,[cm?]
U,
:|_ ; v and core ATre AT [K] = 0.42 x M, [k x Ry, [KIW] x Brgy [ T8 x f[kHz]'5
Regulation circuit
Mag Amp Choke e . 7. Estimate reset current | s L 25 x ABgeg [ T]* xr\:[KHZ]O-“x Ieo[cm]

8. Experimental testing*.
Push-Pull Converter with 2 MagAmp Chokes, Half-Bridge

Design Examples of MagAmps* (Forward Converter, short circuit proof design, 100 kHz, Tmax = 0.4, ambient temperature 45 — 50°C)

l4max =10 A l4max =15 A l1,max =20 A l1,max =25 A l4,max = 30 A
_ W759, N = 10 W759, N = 8 RSN, W760, N = 6 LT NEED
IR W760, N = 11 W760,N =9 WIS W761,N=6 UG LS
' ' W761,N=7 ? W762,N =6
W759, N = 11 W759, N =9 W760. N =8 W761,N =6 W764, N =8
Ui=5V W760, N = 12 W760, N = 10 W76l N =8 W762, N =8 W763, N =6
W761, N = 12 W761, N = 10 o= W764, N =8 W765, N = 8
W765, N = 12

_ W761, N = 14 W764, N = 16 W764, N = 14 W= _

e W764, N = 20 W763, N =12 W765, N = 14 w;ggs;lg WS

* Experimental circuit testing is recommended in any case
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VITROPERM 500 F und VITROVAC 6030 F

Ringbandkerne in Leistungsiibertragern fiir getaktete

Stromversorgungen

Tape-Wound Cores in Power Transformers for Switched Mode

Power Supplies

1. Allgemeines

Der LeistungsUbertrager in einer getakteten Stromversorgung
transformiert Stréme sowie Spannungen und sorgt fir die
galvanische Trennung von Stromkreisen. Er ist in der Regel das
technisch anspruchsvollste induktive Bauelement. Wegen der
sehr unterschiedlichen Anforderungen ist eine Standardi-sierung
nahezu ausgeschlossen, d.h., der Leistungsiibertrager wird fast
immer geratespezifisch dimensioniert.

Die Ubertragenen Leistungen reichen von wenigen Watt bis in den
kW-Bereich. Unterhalb etwa 50 Watt setzt man Sperr-wandler
ein, dartiber DurchfluBwandler. Bei diesen wiederum dominiert bis
ca. 500 W der Eintakt-DurchfluBwandler, darliber der
Gegentaktwandler.

Die Schaltfrequenzen werden bestimmt durch die Verluste der
Halbleiter und der induktiven Bauelemente sowie durch die
Erfordernisse der Funkentstorung.

Beim Aufbau des Ubertragers spielen die geforderten Ein- und
Ausgangsgrofien zunachst die Hauptrolle. Ebenso wichtig sind
aber auch die raumlichen Verhéltnisse (vorgegebene
Maximalabmessungen in jeder Richtung), die Isolationserfor-
dernisse sowie Normen und Vorschriften.

Als Kernformen kommen E-Kerne (bei groen Leistungen auch
Kombinationen aus U- und I-Kernen) und Ringkerne zum Einsatz.
Die Frage, welche Kernform vorzuziehen Ist, kann nicht generell
beantwortet werden. In letzter Zeit ist jedoch ein gewisser Trend
hin zu Ringkernen erkennbar.

2. Werkstoffvorteile

Bei technisch anspruchsvollen Ldsungen sind metallische
Ringbandkerne aus dem nanokristallinen Werkstoff VITROPERM
500 F und dem amorphen Material VITROVAC 6030 F gegeniber
Ferriten im Vorteil.

Beide Werkstoffe bieten durch ihre flachen Hystereseschleifen
ohne nennenswerte Remanenz sowie die hohe Sattigungs-
induktion einen grof’en unipolaren Induktionshub. Bei 100 °C
betragt er fir VITROPERM 500 F ca. 1 T bzw. ca. 0,7 T flr
VITROVAC 6030 F (Ferrite sind nur bis ca. 0,25 T aussteuer-
bar). Das flihrt zu einer kleinen Baugrofte und einem niedrigen
Gewicht.

1. General

Power transformers in a switched power supply system transform
currents as well as voltages and provide for the galvanic separation
of circuits. As a rule, power transformers are the inductive
components which are technically most demanding. The great variety
in requirements does not allow much standardization, i.e. power
transformers will in almost every case be dimensioned in relation to a
specific device.

The transformed power ranges from just a few watts up to the
kilowatt range. Below approximately 50 watts flyback converters are
used; feed forward converters at higher power. And here, up to
approximately 500 W, single ended converters dominate; above 500
W, push-pull converters will be used.

Switching frequencies will be determined by semiconductor and
inductive component losses, as well as by the requirements of RFI
suppression.

For transformer design, the required input and output values will
initially play the most important part. But just as important will be
space considerations (specified maximum dimensions in each
direction), insulation requirements, as well as standards und
regulations.

With regard to core shapes, E-cores (for larger power even
combinations of U- and |-cores) as well as toroidal cores are used.
The question which type of core form is to be preferred cannot be
answered in general. However, recently a certain trend towards
toroidal cores has become recognizable.

2. Advantages of Materials

For technically demanding solutions, however, metallic tape-wound
cores made of the nanocrystaline VITROPERM 500 F and the
amorphous material VITROVAC 6030 F are more advantageous than
ferrites.

Both materials offer a high unipolar induction swing due to their flat
hysteresis loops without remarkable remanence at a high saturation
induction. The unipolar induction swing reaches approximately 1 T in
case of VITROPERM 500 F and 0.7 T in case of VITROVAC 6030 F
at 100°C (ferrites can only be driven up to approximately 0.25 T).
This enables small transformer size and low weight.



VITROPERM 500 F ist der ideale Werkstoff fiir Gegentakt-
wandler. Hier vermindert die flache Schleife bei hohem Induk-
tionshub die Gefahr der einseitigen Kernsattigung durch
temporar unterschiedliche Spannungszeitflachen der An-
steuerspannung. Dadurch kann mit hoéheren Permeabilitaten
gearbeitet werden, die zu weiteren Vorteilen fiihren. VITROVAC
6030 F wird durch die hohe unipolare Aus-steuerbarkeit in
Verbindung mit seiner eher niedrigen Permeabilitit (gutes
Rickstellverhalten) zum optimalen W erkstoff fur
EintaktdurchfluBibertrager.

Unsere Materialien besitzen zudem niedrige Verluste. Die
Ummagnetisierungsverluste bei 100 kHz, 0,2 T und Raum-
temperatur betragen ca. 40 mW/g bei VITROVAC 6030 F und
ca. 35 mW/g bei VITROPERM 500 F. Ferrite liegen hier mit ca.
80 - 180 mW/g deutlich héher. Die Kupferverluste konnen vom
Anwender klein gehalten werden, da durch den groRen
nutzbaren Induktionshub und die hohe Permeabilitit, also
Induktivitat, die Windungszahlen klein und die Kupferquer-
schnitte somit gro dimensionierbar sind.

Bei hoher Aussteuerung kann ein weiter Frequenzbereich
genutzt werden. Neben vergleichsweise niedrigen Verlusten tragt
dazu bei, dal die Hauptinduktivitdt nur eine geringe
Frequenzabhangigkeit besitzt und die Streuinduktivitdten durch
die Ringkerngeometrie und die niedrigen Windungs-zahlen klein
sind. Hierdurch ist auch die magnetische Kopp-lung gut.
Uberspannungsspitzen an den Schalttransistoren kénnen klein
gehalten werden. AuRRerdem ist das aufere Streufeld gering.

Die Anwendungstemperaturen von VITROVAC 6030 F und
VITROPERM 500 F reichen typischerweise von -40°C bis
+120°C. Die hohe maximale Betriebstemperatur fiihrt zu einem
weiteren Volumenvorteil und wird moglich durch die grof3e
thermische  Stabilitdtt unserer = Werkstoffe und  ihrer
Eigenschaften. Die Kernverluste von VITROVAC 6030 F und
VITROPERM 500 F nehmen bei 100 °C gegeniiber Raum-
temperatur um ca. 3% ab. Ferrite zeigen im gleichen Tem-
peraturbereich starke, vom Material abhangige Schwan-kungen.
Meist liegt hier das Verlustminimum bei etwa 80°C, die steile
Zunahme bei hdheren Temperaturen erschwert die empirische
Optimierung der Ubertrager. Die Abnahme des nutzbaren
Induktionshubes zu hohen Temperaturen hin ist bei unseren
Werkstoffen mit ca. 10% bei 100°C gegenlber Raum-
temperatur gering. Ferrite fallen hier um 20 bis 30% ab. Die
Permeabilitdt andert sich bei VITROVAC 6030 F und
VITROPERM 500 F bis 100°C um weniger als 10%, bei Ferriten
ist der Verlauf meist nicht kontinuierlich, die Schwankungsbreite
betragt ca. 50%.

Die Vorteile nanokristalliner und amorpher Ringbandkerne in
Leistungsubertragern kénnen wie folgt zusammengefasst
werden:

e Geringes Volumen bzw. Gewicht durch:
- hohe Aussteuerbarkeit und
- geringe spezifische Verluste des Kernmaterials.

. GroRer Temperaturbereich von — 40 bis + 120°C, sehr
geringe Temperaturabhangigkeit der W erkstoffeigen-
schaften

e Reduzierter Aufwand fiir Funkentstérung durch
- niedrige Schaltfrequenzen.

- luftspaltlose Kernformen (minimale Streufelder).

e Niedrige Halbleiterverluste durch niedrige Schalt-

frequenzen (maoglich durch hohen Induktionshub).

VITROPERM 500 F suits ideally for push-pull converters.
Operating at high induction swings, the flat hysteresis loop
reduces the hazard of core saturation in the event of temporarily
varying voltage time integrals of the drive signal. This enables the
use of high permeabilities resulting in further benefits.
VITROVAC 6030 F is the best choice for single ended forward
converters because of its combination of high unipolar induction
swing and fairly low permeability (for fast demagnetization in the
pulse pause).

In addition, our materials are characterized by low losses. Core
losses at 100 kHz, 0.2 T, and room temperature will be
approximately 40 mW/g for VITROVAC 6030 F, and approxi-
mately 35 mW/g for VITROPERM 500 F. With approximately 80
- 180 mW/g, ferrites suffer significantly higher losses. Copper
losses can be kept small by users due to the large usable
induction swing and high permeability, i.e. inductivity, the number
of turns will be small and copper cross-sections can thus be
dimensioned to be quite large.

A wide frequency range can be used at even high induction
swing. Beside low core losses, the main inductance of a
VITROVAC or VITROPERM transformer will be dependent on
frequency to a very small extent only, and as leakage
inductances will be small due to the toroidal geometry and the
low number of turns possible. This results in good magnetic
coupling properties, and excess voltage peaks on switching
transistors can be kept small. Moreover, there will be a low
external leakage field.

The application temperatures of VITROVAC 6030 F and
VITROPERM 500 F typically range from -40°C to +120°C. This
high maximum operating temperature provides a further volume
advantage and is made possible by the large thermal stability of
our materials and their properties. Core losses of VITROVAC
6030 F and VITROPERM 500 F will decrease by 3% at 100 °C,
when compared to room temperature. The core losses of ferrites
vary strong in the given temperature range. In most cases,
minimum loss will occur at approximately 80°C; the steep
increase at higher temperatures makes empirical optimization of
transformers very difficult. Our materials feature a very low
decrease in usable induction swing within the high temperature
range, i.e. approximately 10% at 100°C when compared to room
temperature. Ferrites will decrease by 20 to 30%. For
VITROVAC 6030 F and VITROPERM 500 F, permeability will
change by less than 10% in temperatures up to 100°C; for
ferrites, the curve will usually be discontinuous, with a 50%
fluctuation margin (approx.).

The benefits of nanocrystalline and amorphous tape-wound
cores in switched-mode power transformers can be summarized
as follows:

e Low volume and weight due to:
- high flux density and
- low specific losses of the core material.

e  Wide temperature range from — 40 up to + 120°C,
material properties very stable in the operational
temperature range.

e Less filtering and RFI noise suppression due to
- low switching frequencies.

- core design without airgap (smallest stray fields).

e Low semiconductor switch losses by low operational
frequencies due to high induction flux density.



3. Kerne fiir Hochleistungsubertrager im
Kilowatt-Bereich

Aufgrund der Entwicklungen auf dem Gebiet der Leistungs-
halbleiter werden gegenwartig auch Stromversorgungen im kW-
Bereich in getakteter Ausfiihrung entwickelt.

Anwendungsgebiete sind zur Zeit:

¢ Telekommunikation (Stromversorgungen fiir die
Amtstechnik, Mobilfunk)

e Bahntechnik, Flurfordertechnik (Batterieladegerate)

o SchweiBtechnik (getaktete Stromrichter)

Zukuinftig werden verstarkt hinzukommen:

e Elektrofahrzeuge (Batterieladegerate, Motorwechsel-richter)
e Solartechnik (Wechselrichter)
e Induktionsofen

Die Schaltungstechnik unterscheidet sich nicht grundsatzlich von
derjenigen fir kleinere Leistungen. Allerdings liegen die
Schaltfrequenzen in der Regel noch deutlich niedriger.
Arbeitsprinzip ist meist der Gegentaktwandler.

Leistungsiibertrager mit Kernen aus VITROPERM 500 F
bietet hier Volumen- und GroéBenvorteile oftmals um den
Faktor 2 und mehr gegeniiber Ferriten!

In der folgenden Tabelle sind einige typische KerngrofRen und die
mit ihnen erzielbare Ubertragungsleistung aufgefilhrt.  Diese
Angaben kénnen naturlich nur Richtwerte sein.

Randbedingungen sind:
Frequenz f = 20 - 50 kHz, Umgebungstemperatur T < 60 °C,
zulassige Erwarmung AT = 50 K. Ausfiihrung vergossen.

Kernabmessungen Leistung Gegentaktiibertrager ca. [W]
d1 xd2 x h1 [mm] VITROPERM 500 F
50x40x20 1300 - 2500
52x40x25 2000 - 3500
55x40x25 2500 - 4000
63x50x25 2500 - 4000
80x63x25 4000 - 6500
100x80x25 6 000 - 10 000
100x80x25 x2 12 000 - 20 000
130x100x25 11 000 - 18 000
130x100x25 x 2 16 000 - 26 000
130x100x25 x 3 22000 - 35000
130x100x25 x4 26 000 - 40 000

Eine aktuelle Typenubersicht finden Sie auf unserer Internetseite
unter http://www.vacuumschmelze.com.

3. Cores for High Performance Power
Transformers within the Kilowatts Range

In line with developments in the area of power semiconductors,
switched mode power supplies for kW-range applications are
currently being developed.

Known areas of application currently are:

¢ telecommunications (telephone exchange power supplies,
Base Stations)

e railways technology, mechanical handling equipment
technology (battery charging devices)

¢ welding technology (switched mode Converters)

In future, these will increasingly be extended to:

e electric vehicles (battery charging devices, motor inverters)
e solar technology (inverters)
e induction heating

Circuit engineering is not fundamentally different from that used for
lower performance power transformers — usually at lower switching
frequencies. The principle of operation will mostly be of the push-
pull converter type.

Power Transformers with Cores made of VITROPERM 500 F
frequently offers volume and size advantages over ferrites by
a factor 2 and more!

The table below lists some typical core sizes and the transmitted
power values these can achieve, although these data naturally are
for guidance only.

Preconditions are:
Frequency f = 20 - 50 kHz, ambient temperature T < 60 °C,
permitted heating AT = 50 K. Moulded design.

Core Dimensions
d1 xd2 xh1 [mm]

Power: Push-Pull Converter, approx. [W]
VITROPERM 500 F

50x40x20 1300 - 2500
52x40x25 2000 - 3500
55x40x25 2500 - 4000
63x50x25 2500 - 4000
80x83x25 4000 - 6500
100x80x25 6 000 - 10 000
100x80x25 x 2 12 000 - 20000
130x100x25 11000 - 18 000
130x100x25 x 2 16 000 - 26 000
130x100x25 x 3 22000 - 35000
130x100x25 x 4 26 000 - 40000

For an up-to datel type list please visit our home page
http://www.vacuumschmelze.com .




4. Dimensionierung von
Leistungsubertragern

Eine erste Grobdimensionierung kann mit unserer Unter-
stiitzung erfolgen. Bitte fiillen Sie hierzu das beiliegende Blatt
»Checkliste Kerne fiir Leistungsiibertrager" aus.

Grundsétzliche Zusammenhénge:

Die an der Primarwicklung anliegende Spannung bewirkt einen
StromfluR und somit gemaf der ersten Maxwell'schen Gleichung
ein magnetisches Feld im Innern der Primarspule. Dieses
magnetische Feld fiihrt zu einer Induktionsénderung im Kern,
wodurch in  der Sekundarwicklung gemaR der zweiten
Maxwell'schen Gleichung eine im Verhéltnis der Windungs-
zahlen transformierte Spannung induziert wird.

Ein idealer Kernwerkstoff wiirde infolge seiner unendlich hohen
magnetischen Leitfahigkeit den von der Primarwicklung
erzeugten magnetischen Flul® so fiihren, dal er mit allen
Windungen der Sekundéarwicklung des Ubertragers verkettet ist.
Die Eingangsgrof’en von Strom und Spannung wiirden sich
dann lediglich durch das Windungszahlenverhaltnis von den
Ausgangsgrofien unterscheiden.

Beim realen Ubertrager sind jedoch Verluste und parasitére
Kapazitdten durch Kernwerkstoff und Wicklung zu beriick-
sichtigen.

Durch den priméaren Kupferwiderstand R, reduziert sich die an
der Hauptinduktivitat L anliegende Spannung, und nur diese
erzeugt das magnetische Feld im Kern. Eine zusatzliche
Reduzierung der Eingangsspannung erfolgt durch die primare
Streuinduktivitdt Ls, da ein Teil des von der Primarwicklung
erzeugten Flusses nicht mit der Sekundarwicklung verkettet ist.

Die im Kernwerkstoff entstehenden Ummagnetisierungsverluste
werden im Ersatzschaltbild durch einen Parallelwiderstand R zur
Hauptinduktivitat L bertcksichtigt. Der sekundére Laststrom Is
flhrt ebenso wie der Priméarstrom I, zu einem Spannungsabfall
am sekundaren Wicklungswiderstand Rs und an der sekundaren
Streuinduktivitdt Ls. Da die Spannungsabfalle vom Laststrom Ig
und die Impedanz der Streuinduktivitat zusatzlich von der
Frequenz abhangig sind, schwankt die Ausgangsspannung eines
Ubertragers immer last- und frequenzabhéngig (Innenwiderstand
des Ubertragers).

4. Design Calculation of Power
Transformers

First transformer design calculations are possible with our
support. If you require our support, please complete the
enclosed "Check List for Power Transformers".

Basic Principles:

The voltage applied to the primary winding causes a current to
flow, and thus according to the first Maxwell equation a magnetic
field to arise inside the primary coil. This magnetic field leads to a
change of induction in the core, which, according to the second
Maxwell equation will induce a voltage transformed in proportion
to the number of turns.

Due to its infinitely high magnetic conductivity, an ideal core
material would carry the magnetic flux, generated by the primary
winding, such that it is interlinked with all turns of the
transformers secondary winding. Current and voltage input
values would then differ from output values in relation to turns
ratio only.

For a real transformer, however, losses and parasite capacities
due to core material and windings need to be taken into
consideration.

Due to the primary copper resistance R,, the voltage applied to
the main inductance L will reduce, and it is only this voltage
which will generate the magnetic field inside the core. A further
reduction of input voltage will be effected by primary leakage
inductivity Ls, as a part of the magnetic flux generated by the
primary winding will not be linked with the secondary winding.

Core losses arising in the core material will be taken into account
in the equivalent circuit diagram by means of a parallel resistor R
to the main inductance L. The secondary load current Is, as well
as primary current I, will cause a voltage drop on secondary
winding resistor Rs and on secondary leakage inductivity Ls. As
these voltage drops of load current Is and leakage inductance
impedance will additionally be dependent on frequency, the
output voltage of a transformer will always vary in relation to load
and frequency (intrinsic resistance of transformer).



Vorgehen bei der Dimensionierung:

Bei der vorgegebenen maximalen Ubertemperatur 14kt sich fiir
jeden Kernwerkstoff und jede Kernabmessung eine optimale
Induktion ABoyx und eine optimale Stromdichte Sesopt
errechnen, bei der die Ubertragbare Leistung einen Maximalwert
erreicht:

Design Calculation Procedure:

For a specified maximum temperature rise, an optimum
induction ABopt and an optimum current density Sestopt Can be
calculated for each core material and each core size, where
transferable power reaches a maximum value:

2 x AT

(2+Z)><Rth XMy, x P, x(}f] x(f]

fo

0

Zx AT

S . =
e \/(Z +2)X Ry X p, X 1o, x Ag, x 10

Po [W/kg] Maximale spezifische Ummagnetisierungs-
verluste bei fyo, ABp und Fo
VITROVAC 6030 F : 140 W/kg
VITROPERM 500 F : 110 W/kg

mre  [kg] Kernmasse
f [kHz] Betriebsfrequenz

fo [kHz] Bezugsfrequenz
VITROVAC 6030 F: 70 kHz;
VITROPERM 500 F: 100 kHz

ABy [T] Bezugsinduktionshub
VITROVAC 6030F:06 T
VITROPERM 500 F : 0,6T

F Formfaktor (Spannungsform).

Fir Rechtecke gilt: g — _1

2xT
Fo Bezugsspannungsform (Sinus, Fo = 1,11)

XY, Z Exponenten bei obigen fo, ABy und Fo,
werkstoffabhangig:
VITROVAC 6030 F: X=1,62; Y=1,83; Z= 2,15
VITROPERM 500 F: X=1,60; Y=1,80; Z=2,0
AT K] Ubertemperatur

Rin [K/W] Warmeiibergangswiderstand des Ubertragers.
Richtwerte fir unsere Typenkerne: siehe
Tabelle am Ende dieser Schrift.

pcu  [Qcm] spezifischer Kupferwiderstand
(1,786 x 10 X (1+Tmax / 235))

Acu [cm? Kupferquerschnitt

lcu [cm]  mittlere Lange einer Kupferwindung.

Die Uibertragbare Leistung Pmax [W] wird errechnet nach:

Po [W/kg] Max. specific core losses
at fo, ABp and Fo
VITROVAC 6030 F : 140 W/kg
VITROPERM 500 F : 110 W/kg

Mre [kg] core mass
f [kHz] operating frequency
fo [kHZ] reference frequency
VITROVAC 6030 F: 70 kHz;
VITROPERM 500 F: 100 kHz
ABo  [T] reference induction swing
VITROVAC 6030F : 0.6 T
VITROPERM 500 F : 0.6T
F form factor (voltage form).
For rectangular wave form: g _— 1
N2XT
Fo reference voltage form (Sinus, Fo= 1.11)
XY, Z exponents at above fy, ABy und Fo, dependent
on material:
VITROVAC 6030 F: X=1.62; Y=1.83; Z=2.15
VITROPERM 500 F: X=1.60; Y=1.80; Z=2.08
AT [K] temperature rise

R [K/W]  thermal resistance of transformer to ambient.
Reference values for our type cores: see table
at the end of this brochure.

pcu [Qcm]  specific copper resistance
(1.786 x 107 X (1+Tmax / 235))

Acy [sz] copper cross section

lcu [em] mean winding turn length.

The transferable power Ppmax [W] will then be calculated:

Pugx =10 x k x f xApe x Acu x ABopr X Sefops



Are  [cm?]
AB [Tl

Eisenquerschnitt

Induktionshub des Kernwerkstoffes
(AB <= 2 X Bmax)

Ser [Amm?  effektive Stromdichte
k Leistungsfaktor (vom Schaltungsprinzip abhéngig)

Fur EintaktdurchfluBiibertrager gilt:

Are [sz] iron cross section
AB [T] induction swing of core material
(AB <= 2 X Bmax)
Ser [A/mm?  effective current density
k power factor dependent on circuit principle.

For single-ended forward transformers applies

k=1/(2xVz,)

Flr Gegentaktiibertrager gilt:

Schaltungsaufbau / circuit principle

n

| S
1
|5

Tm mittl. Tastverhaltnis der Eingangsspannung

Tmax maximales Tastverhaltnis der Eingangsspannung
(Vorgabewert)

Uemn[V] minimale Eingangsspannung (Vorgabewert)

U emax [V] maximale Eingangsspannung (Vorgabewert)

Die Primarwindungszahl Np wird so festgelegt, dal® die ange-
legte Primarspannung Ug [V] im Kern eine magnetische Induktion
erzeugt, die ABopt nicht tbersteigt:

For push-pull transformers applies:

\/2><rm +\/2><rm+1
2
2><\/7m+1/2><rm
2
2x4[7, +[2x 7, +1

Tm mean pulse duty ratio of input voltage

Tmax maximum pulse duty ratio of input voltage
(specified value)

U emin [V] minimum input voltage (specified value)

U gmax [V] maximum input voltage (specified value)

The primary number of turns Np will be determined such that
the applied primary voltage Ug [V] will generate a magnetic
induction in the core, which does not exceed ABoyt:

Np = (Tmax X UE,min X ]0)/(f X AFe XABopt)

Die Sekundarwindungszahl N wird nach folgender Beziehung
festgelegt:

The secondary number of turns N will be determined according
to the following equation:

Nv = (( UA + AU) X Np)/(z-max X UE,min) *

* gilt fUr Eintakt-DurchfluRwandler. Bei Gegentakt-Durchflul3-
wandlern ist Ns zu halbieren

Ua [V] Ausgangsgleichspannung. Nicht berlicksichtigt wurden
Spannungsabfalle iber den Kupferwider-stéanden der
Wicklungen sowie (iber den Gleich-richterdioden.

* applies to single-ended forward converters. For push-pull

AU [V] Spannungsabfalle ber den Kupferwiderstanden der

Wicklungen und Uber den Gleichrichterdioden.

converters, divide Ns in half

Ua[V] DC Output voltage. Voltage drops across winding
resistance and rectifier diodes have not been taken into
account.

AU [V] voltage drops across the copper resistances of the

windings and across the rectifier diodes.



Weiterfiihrende Anwendungshinweise fur
den Einsatz von VITROPERM 500 F:

Induktivitit des Ubertragers:

Da die Permeabilitét bei VITROPERM 500 F um ca. den Faktor
10 hoher liegt als bei einem typischen Ferritwerkstoff, bedeutet
dies eine groRere Hauptinduktivitit und somit niedrigere
Magnetisierungsstrome. Bei unipolarer Aussteuerung (Eintakt-
Durchflusslbertrager) ist das Rickstellverhalten in der
Impulspause problematisch. Bei bipolarer Aussteuerung
(Gegentakt Durchflusstiibertrager) ist dies jedoch unkritisch. Hier
ist lediglich auf gute Symmetrie in der Ansteuerung zu achten,
da unterschiedlich groRe Spannungszeitflachen im
Ansteuersignal  (Gleichstromanteil) den  hochpermeablen
Kernwerkstoff schnell in die Sattigung treiben. Fir die anderen
Falle steht unser Werkstoff VITROVAC 6030 F zur Verfligung.

Arbeitsfrequenz:

Die Werkstoffvorteile des VITROPERM 500 F kann der
Schaltungsentwickler nur dann voll ausnutzen, wenn er auf sie
eingeht. Aufgrund des hohen mdglichen Induktionshubes ist
deshalb oft eine niedrigere Schaltfrequenz mdglich als bei
Verwendung eines Ferritwerkstoffes. Diese wiederum macht den
Einsatz preiswerter Standardhalbleiter moglich und senkt den
Aufwand fir die Funkentstérung.

Transformatoraufbau:

Umfangreiche Erfahrungen liegen seitens der VAC vor. Primar-
und Sekundarbewicklung werden meist mit Litze aufgebaut, die
Anschllisse mit Kabelschuhen versehen. Die
Isolationsforderungen werden durch den Einsatz spezieller
Kunststoffteile zur Distanzierung der Wicklungen und durch den
Vakuumverguss mit einem geflillten und damit warmeleitenden
Epoxid-Harz erfullt. Ein Aluminiumgehause dient als stabiler
Schutz und es lasst sich auf einem Kiihlkérper montieren.

Typische Schaltungstopologien:

Abhangig von der Ubertragenen Leistung, den Ein- und
Ausgangsspannungen und Strémen sowie der Kostensituation
wurden priméarseitig die Schaltungsarten Halb- und Vollbriicke
bisher am haufigsten verwirklicht. Bei Leistungen bis ca. 15 kW
dominiert die Halbbrlicke, darliber Ublicherweise die Vollbriicke.
Sekundarseitig kommt bei niedrigen Spannungen (bis ca. 20 V)
meist die Mittelpunktgleichrichtung, dariber die
Brickengleichrichtung zum Einsatz.

Beispiele / Examples:

Additional Application Notes for the use
of VITROPERM 500 F:

Transformer inductance:

As the permeability for VITROPERM 500 F is higher by an
approximate factor 10 than for a typical ferrite material, this
means that there is a higher main inductance resulting in lower
magnetization currents. In the case of unipolar drive control
(single-ended forward converter), the reset behavior in the
impulse pause is problematical. However, in the case of bipolar
drive control (push-pull converters) this is uncritical. Here, users
must ensure only that there is a good symmetry in the drive
control, as various different voltage time areas in the drive signal
(appearance of DC) will fast drive the highly permeable core
material into saturation. For all other cases, our material
VITROVAC 6030 F is available.

Operating frequency:

The circuit designer can only make full use of the material
advantages offered by VITROPERM 500 F, if special provision is
made for them. Therefore, due to the high possible flux density,
often a lower switching frequency is possible than when a ferrite
material is used. This lower switching frequently allows the use
of low cost standard semiconductors and reduces the cost for
RFI noise suppression.

Transformer setup:

VAC has comprehensive experience in this field. Primary and
secondary windings are usually built up from stranded wire,
terminals are fitted with cable lugs. The insulation requirements
are met by the use of special plastic components for spacing the
windings and by vacuum molding with a filled and thus heat-
conducting epoxy resin. An aluminium housing is used for solid
protection, and it can be mounted on a heat sink.

Typical switching topologies:

Depending on the power transformed, input and output voltages
and currents, as well as the cost situation, the switching types
half and full bridge so far have been implemented most
frequently at the primary side. Up to approximately 15 kW, the
half bridge type dominates. At higher power, the full bridge type
is more common. At the secondary side, for low voltages (up to
20 V approximately), usually center-tap rectification is used; for
higher voltages bridge rectification is used.




5. Typenreihen Ringbandkerne aus
VITROVAC 6030 F und VITROPERM 500 F

Innerhalb der nachfolgenden Typenreihe finden Sie Ringbandkerne,
mit denen sich Ubertrager von ca. 100 Watt bis 20000 Watt und
mehr realisieren lassen. Sollte der fur lhre Anwendung optimale
Kern nicht enthalten sein, so fragen Sie uns bitte an.

5. Type Series Tape-Wound Cores made of
VITROVAC 6030 F and VITROPERM 500 F

Within the following type series, you will find toroidal cores suitable

for implementing transformers from approx. 100 watts up to 20000

watts and higher. If you do not find the optimum core for your

application, please contact us directly.

Waerkstoffdaten® VITROVAC 6030 F VITROPERM 500 F
Sattigungsinduktion* Bs 0,82T 1,2T
Sattigungs- 6 i
magnetostriktion* As <0,2x10 <0,5x10
Curietemperatur* Te 365 °C 600 °C
Max. unipolarer

Induktionshub bei AB - 075T 1T
Raumtemperatur®

Impuls Permeabilitat

(ta= 10 us; AB = 0,5T)* Mo 22100

Impuls Permeabilitat

(td =20 us; AB =1 T)*** Hp >10 000
Ummagnetisierungs-

verluste (f = 100 kHz Pre <140 W/kg <110 W/kg

sinus; Bmax = 0,3T)

# fur ungeteilte runde Ringbandkerne

* Typische Werte

** Grenzwerte It. VAC Magnetqualitat XDF-535 (VITROVAC 6030 F)
*** Grenzwerte It. VAC Maanetqualilat LHF-582 (VITROPERM 500 F)

Material Data” VITROVAC 6030 F VITROPERM 500F
Saturation Induction* Bs 0.82T 1.2T
Saturation s <0.2x10°® <0.5x10°®
Magnetostriction*

Curie Temperature* Te 365 °C 600 °C
Max. unipolar Induction

Swing at Room Temp.* AB 0.75T 17

Pulse Permeability

(ta= 10 pus; AB = 0.5T)* Mo 22100

Pulse Permeability

(td =20 us; AB =1 T)*** Hp >10 000
Magnetic Reversal

Losses (f = 100 kHz Pre <140 W/kg <110 W/kg
sinus; Bmax = 0.3T)

# for toroidal uncutted tape-wound cores

* Typical values

** Limiting values according to VAC's magnetic quality XDF-535 (VITROVAC 6030 F)
*** Limiting values according to VAC's maanetic quality LHF-582 (VITROPERM 500 F)

Nennmale Rated Grenzmalie Are Ire AL AL Mt Mt Acy lcu Rin  Bestellbez. / Ordering Code
Dim's Limiting Dim's [ecm2] [cm] typ* typ** [d] [g] [cm? [cm] [K/W] VITROPERM500F VITROVAC 6030 F
d1xd2xh1 d3 x d4 x h2 [uH]  [uH] T60004- T60004-
[mmxmmxmm] [mm x mm x mm]
16x10x6 17.6x8.3x8 0.14 4.08 11 1.3 43 46 020 3.18 33 L2016-W373 E3016-F002
20x12.5x8 22x10.5x10  0.24 5.11 14 1.8 9.0 95 032 397 23 L12020-W374 E3020-F008
25x16x10 27x14x12  0.36 6.44 17 21 17 18 058 4.80 16 L2025-W375 E3025-F006
30x20x15 32.3x17.8x17.8 0.57 7.85 20 27 33 37 093 641 11 L2030-W376 E3030-F003
40x25x15 42.3x22.5x17.3 0.86 10.2 23 64 149 721 7.5 L2040-W433
50x40x20 52.3x37.1x22.8 0.76  14.1 15 79 405 9.0 45 L2050-W434
52x40x25 54.3x37.1x27.8 1.14 145 22 121 405 10.2 4.1 L2052-W827
55x40x25 57.5x37.1x27.8 143 149 26 156 405 10.5 3.9 L2055-W848
63x50x25 65.6x46.6x27.8 124 178 19 161 6.40 111 3.1 L2063-W435
80x63x25 82.6x59.3x27.8 1.62 225 20 267 104 12,6 2.2 L2080-W436
100x80x25 104.5x74.5x28.5 1.90 283 19 395 164 146 1.6 L2100-W342
130x100x25 135.5x94.5x28.5 2.85 36.1 22 757 263 17.2 1.1 L2130-W352
160x110x25 165x105x28.5 4.75 425 31 1480 325 199 0.8 L2160-W758

* VITROPERM 500 F

Eine aktuelle Typenibersicht finden Sie auf unserer Internetseite
unter http://www.vacuumschmelze.com.

d1 = Nennaulendurchmesser Kern
= Nenninnendurchmesser Kern
h1 = Nennhdhe Kern

d3 = max. AuRendurchmesser incl. Beschichtung

d4 = min. Innendurchmesser incl. Beschichtung

h2 = max. Héhe incl. Beschichtung .

Aee = Effektiver Eisenquerschnitt

lee = Eisenweglange

AL = Induktivitat fir N =1. Typische Werte fir diese Werkstoffe bei f =10 kHz
und geringer Aussteuerung (VITROVAC 6030 F: . = 3000;
VITROPERM 500 F: p = 22000). Keine Garantiewerte.

mege = Eisenmasse

Acu = mdglicher Kupferquerschnitt bei einem Kupferfillfaktor von 0,5

lcu = mittlere Windungslange

Ry = Werte gelten fir ein gedachtes Bauelement mit dem jeweiligen Kern

und einer typischen Bewicklung. Ausfiihrung im VerguR3gehause,
montiert auf einer Platine. Die Werte sind fiir Kern- und Kupferverluste
anwendbar, jedoch nur als grobe Richtwerte.

** VITROVAC 6030 F

Please visit our home page http://www.vacuumschmelze.com
for an up-to date type list.

d1 = nominal outer core diameter

d2 = nominal inner core diameter

h1 = nominal core height

d3 = max. outer diameter with epoxy coating

d4 = min. inner diameter with epoxy coating

h2 = max. height with epoxy coating

Ar. = effective iron cross section

lre = mean iron path length

AL = Inductance with a single turn. Typical values for these materials at 10 kHz
and small excitation (VITROVAC 6030 F: .. = 3000, VITROPERM 500 F:
u = 22000). No guaranteed values.

Mge = iron mass

Acy = possible winding cross section at a mean winding factor of 0.5

lcu = mean winding turn length

Ry = These values are calculated on the basis of an imaginary component

using this core and typical windings. The make is thought as a moulded
design, mounted on a PCB. The values are for core- and copper losses,
but are understood as a rough orientation only.



5.1 Kernausfuhrung

Als Standard fertigen wir geschlossene Ringbandkerne.
Sonderkerne in Oval- oder Rechteckform in geteilter oder
ungeteilter Ausflihrung sind auf Wunsch ebenfalls herstellbar.
Bitte sprechen Sie uns bei Interesse an.

6. Magnetische Eigenschaften

5.1. Core designs

Our standard designs are toroidal uncutted tape-wound cores.
Special shapes in oval or rectangle design with or without cut can
be produced, too. Please contact us for further informations.

6. Magnetic Properties
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Typischer Verlauf der Ummagnetisierungsverluste Uber der
FluRdichte von Ringbandkernen (ungeteilt) aus VITROVAC 6030
F bei verschiedenen Frequenzen. T, = 25 °C.

Typical curve for magnetic reversal losses versus flux density of
ungapped VITROVAC 6030 F tape-wound cores at various
frequencies. T, = 25°C.
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FluRdichte von Ringbandkernen (ungeteilt) aus VITROPERM 500
F bei verschiedenen Frequenzen. T, = 25 °C.
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Typical curve for magnetic reversal losses versus flux density of
ungapped VITROPERM 500 F tape-wound cores at various
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VACUUMSCHMELZE GmbH & Co.

Postfach 2253 / P.O.B. 2253
D-63412 Hanau

@ (**49) 6181/ 38-0

Fax (**49) 6181 / 38-2075

E-Mail: Info@vacuumschmelze.com
http://www.vacuumschmelze.com

KG

VITROPERM 500 F / VITROVAC 6030 F tape wound cores.
Pulse duration ty = 5 pus. Repeating frequency f, = 1 kHz. Ty =

VAN
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Checkliste: Kerne fiir Leistungsiibertrager

Firma:
Name:

Projekt:

Schaltungsprinzip: (bitte auswahlen)
[ ] Gegentaktwandler

[ ] Eintakt-DurchfluBwandler

Bitte Skizze mit Prinzipschaltung beifligen.

Eingangsdaten:

min. Eingangsspg. Ugmin =V
max. Eingangsspg. Ugmax =V
Arbeitsfrequenz f = kHz

Tastverhaltnis 1 <= (x 2 bei Gegentakt)

Ausgangsdaten:
Gleichspannungen  Spannungsabfélle Stréme
(Uber Dioden usw.)*

Uq= \Y A U= \Y Iy = A
Up= \Y A Up= \Y Iy = A
Us = \Y A Us= \Y I3 = A
Us=_ V AUg=_  V b=__ A
Us = \Y A Us= Vv Is = A

*z.B.1V (2 x 0,5 V) fir zwei Low-Drop
Dioden im Strompfad.

Sonstige Daten:

Umgebungstemperatur Tu °C
Besondere Umweltanforderungen:
Vorgesehene Ausfiihrung: vergossen[ ] unvergossen| ]
voraussichtlich benétigte Jahresstlickzahl: ca. _ St.
Preisvorgabe fir Kern ca. (EUR)
Angebot gewiinscht? Ja[ ] Nein [ ]

Muster gewlnscht?  Ja[ ] Nein [ ]

Folgende Angaben werden wir nach Berechnung treffen:
Kern: Abmessungen, Material, Qualitat, Fixierung.

Check List: Cores for Power Transformers

Company:
Name:

Project:

Circuit Engineering Principle: (please select)
[ 1Push Pull Converter

[ 1Single-Cycle-Feed-Forward Converter

Please add sketch of circuit.

Input data:

Min.Input Volt. Ug min = \%
Max. Input Volt. Ug max = \%
Operating Frequency f = kHz

Pulse Duty Ratio T <= (x 2 for push-pull)

Output Data:

DC voltages Voltage drops Currents
(across diodes etc.)*
Uq= \Y A U= V Iy = A
Up= \Y A Up= V Iy = A
Us = \Y A Us= V I3 = A
Uy = \Y A Ug= V ly = A
Us = \Y A Us= V Is = A
*e.g. 1V (2x0.5 V) for two low-drop diodes
in the current path
Other Data:
Ambient Temperature Tu °C

Environmental requirements:

Design: moulded [ ] non-moulded [ ]
Annual quantity approx.. __ pcs

Target Price for Core (EUR):

Quotation required? Yes|[ ] No[ ]

Sample required? Yes|[ ] No[ ]

On calculation, we will determine the following details:
Core: dimenslons, material, quality, fixation.
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CURRENT TRANSFORMERS AND
POWER LINE TRANSFORMERS

FOR SMART METERING

VACUUMSCHMELZE GmbH & Co. KG (VAC) is
one of the worldwide leading manufacturers
of metallic materials and inductive compo-
nents manufactured from these alloys. VAC
has been supplying high-performance prod-
ucts for more than 30 years.

SMART METERING

For more than ten years we have focused on high-precision
current transformers for use in electronic electricity meters.
Developing and improving our own materials like VITROVAC®
and VITROPERM®, produced by rapid solidification technol-
ogy, we are in a leading position to serve the metering indus-
try with high-performance current transformers.

® registered trademark of VACCUUMSCHMELZE GmbH & Co. KG

Our R&D and Engineering departments can provide out-
standing competence in designing cores and components
for the metering industry worldwide. In total more than 30
million meters operate with VAC materials.

Technical standards define requirements for accuracy for
measuring of power in different operation modes. In Europe
and other non-European countries these are usually the
standards IEC 62053 -21, -22, -23 and, for the American
market, the standards of the ANSI G12.xx series.

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX



CURRENT TRANSFORMERS
FOR SMART METERING

MEASUREMENT PRINCIPLES

The key component in smart meters is the current transducer.
There is a number of functional principles for implementation
of the current transducer.

The shunt resistor is a favourite choice because of its very
low cost and good linearity, but designers have to be aware
of its disadvantages. Because of the regulations concerning
maximum power consumption (2W per phase acc. to IEC
62053 -21, -23), its resistance is limited to some hundreds of
€2, This low value results in very low secondary voltages at
low primary currents.

These have to be very carefully filtered and amplified to keep
the meter’s specified accuracy in the low current level. Heat
dissipation within the meter is another critical point to be
considered. In cases of multi-phase meters or single-phase

meters with external interface, additional galvanic separa-
tion has to be provided to prevent hazardous operation or
short-circuit conditions between the phases. In most cases
optocouplers and separation transformers will additionally be
needed, increasing the meter’s overall cost.

Another favourite principle is the Rogowski coil, which does
not exhibit saturation effects due to its coreless operation.
The disadvantage of this is common to all open magnetic
circuits and results in very interference-sensitive operation.
Costly shielding has to be provided to keep measurement
errors small at low primary currents. Designs using Hall sen-
sor devices have to be clearly separated: the low-cost types
can suffer from ageing effects which can deteriorate accuracy
over time; stabilised designs will control these effects, but at
the cost of complicated compensation circuitry.

4 VAX CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING



OVERVIEW OF ESTABLISHED MEASUREMENT PRINCIPLES IN ELECTRICITY METERS

* Current Transformers Safe Galvanic Separation
High Dynamic Range

« Shunt L Low Dynamic Range
N No Galvanic Separation
» Rogowski Coreless Coil
Very Small Signals
Requires Integrator
« Hall Sensor Semiconductor Material

Material Ageing
Complex Signal Processing

-

In comparison to other principles, toroidal-core current transformers with low burden resistors have several obvious advantages:

« closed magnetic circuit: less sensitive to interference fields
usually no shielding required

« magnetic function principle without semiconductors: high long-term stability
no need for additional circuitry

« simple assembly involving few parts: low assembly expenses, compact designs
attractive prices
easy to mount

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX
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Characteristics Current Transformer Shunt Rogowski Coil Hall Sensor
Dynamic Range/ Linearity + + + +
Temperature Stability + 0 ++ +
Corrosion/Reliability ++ -- ++ 44
Energy Dissipation ++ -- ++ ++
Galvanic Insulation ++ -- ++ ++
Output Signal Level ++ - 0 0
Mounting ++ + - -
Sensitivity against external AC + DC Fields 0 - -- --
++:excellent +:good 0:average -:weak --:disadvantageous

The properties of the toroidal core current transformers, such
as maximum transmissible primary current, amplitude and
phase error as well as linearity, are basically determined by
the material used for the magnetic core. The three areas of
application mentioned place different demands on the re-
spective materials:

For meters according to IEC 62053-22 and ANSI C12.xx, the
best materials are those with high permeability in connection
with the comparatively high flux density ranges of the metallic
materials and only slight changes in properties as a function
of the temperature. Current transformers with high-grade
amorphous VITROVAC or nanocrystalline VITROPERM alloys
from VAC offer extra advantages to the users:

« very small and high linear phase and amplitude error
+ easily compensable phase error
« extreme low temperature dependence

Meters according to IEC 62053 -21, -23 must have tolerance
to DC current components (,direct current tolerance’) which
can saturate conventional current transformers when unipo-
lar alternating currents occur, e.g. from power supply units
with primary side diodes.

Magnetic cores made of very linear but still highly excitable
amorphous and nanocrystalline low permeability alloys from
VAC are used for this. These provide the current transformer
with excellent properties:

« standard compliant DC tolerance without air gap
* negligible small amplitude error

= extreme linear, easily compensable phase curve
* low temperature dependence

G VAT CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING



PRINCIPLE OF CIRCUITRY

Phase and amplitude errors are critical for electricity meas-
urement accuracy when current transformers are used. With
meters of medium accuracy without DC tolerance, both have
very low absolute values and can therefore be easily com-
pensated by a simple correction in the circuit.

Current transformers with DC tolerance have the special fea-
ture of a relatively high absolute phase error value at high
constancy, whereas the amplitude error is negligibly small.
This causes an energy measurement error which varies only
slightly with the primary current and which adopts impermis-
sibly high values on complex loads (e.g. inductive load with
cos ¢ = 0.5) if the phase error is not carefully compensated.
Since the specified scatter of the secondary inductance L
cannot be reduced at will, the phase error of the individual
current transformer is scattered to the same extent. An in-
dividual correction is therefore recommended to stay reliably

within the error limits. This can be performed with a suitable
digital signal processor (DSP) which is digitally adjusted to
the implemented current transformer in a calibration run at
a single current value (e.g. at |). Particularly high accuracy
can be achieved when the phase error curve is measured
at several currents and is approximated between these for
correction.

This is often impossible, or only possible to a certain extent,
in devices with DSPs of a simple internal structure. Here cor-
rection is possible by means of an RC low-pass connected in
series with the analogue current measuring input (see page 9).
Because of the scatter of the L-values, adapted use of grouped
C-values may be necessary.

If further modifications of the operating parameters are nec-
essary, we offer recalculation of the error characteristics
upon request.

SUMMARIZED OVERVIEW OF 60A AND 100 A CURRENT TRANSFORMERS

60 A and 100 A are the most important current ranges worldwide. The following table shows available variations for both current ranges:

Design Alloy 8
| Order Code VITROPERM £ g
max T60404- ® VITROPERM VITROVAC 3| e
E E Compact S Q
101 | X X X
501 X X
121 X X
521 X X
60 A 464X Ty »
100 A EAB26X. |2 X X
151 | X X X | X
171 X X X | X
002 | X
502 X

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX



BLOCK DIAGRAM OF AN ELECTRONIC ELECTRICITY METER
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TABLE 1: CURRENT TRANSFORMERS WITH DC TOLERANCE ACCORDING TO IEC - BASED ON VITROVAC

Order Code Error  Primary Ratio Phase Characteristic Values Dimensions
T60404-... Curves  Current Range Error

L T O R ) L R, R, U, Innerdia Width Heigth Pin/

bagel (o 1 A N (N (6) R (0) R VA R D H Wi

[mm] [mm]  [mm]

E4622-X101 117 20 20 2500 362 46 54 375 03 5 285 145  Wire
E4623-X101  2/17 40 40 2500 415 37 66 188 03 55 28 16 Wire
.E4624-X101  3/18 60 60 2500 406 30 55 125 03 8 305 15 Wire
.E4624-X501  3/18 60 60 2500 406 30 55 125 03 85 31 14 Pin
.E4625-X101  4/18 80 80 2500 515 24 59 94 03 8 305 15 Wire
..E4625-X501  4/18 80 80 2500 515 24 59 94 03 85 31 14 Pin
.E4626-X101  5/19 100 100 2500 448 21 44 75 03 95 35 15 Wire
.E4626-X501  5/19 100 100 2500 448 21 44 75 03 15 34 14 Pin
E4627-X101  6/19 120 120 2500 4.07 18 34 625 03 12 39 18 Wire

TABLE 2: CURRENT TRANSFORMERS WITH DC TOLERANCE ACCORDING TO IEC — - BASED ON VITROPERM

Order Code Error  Primary Ratio Phase Characteristic Values Dimensions
T60404-... Curves  Current Range Error

g/ v 1. 1:0 e L Ry R, U Innerdia Widih Heigth Pin/

bagel (o 1 [A) N N 03 (6) I VA B D H Wi

[mm] [mm]  [mm]

E4622-X121  7/20 20 20 2500 20 923 706 375 03 5 309 160 Wire
.E4623-X121  8/20 40 40 2500 21 65 60 1875 03 7 338 169  Wire
E4624-X121  9/21 60 60 2500 23 505 515 125 03 8 375 181 Wire
.E4624-X131  10/21 60 60 2500 35 38 715 125 03 8 327 163  Wire
..E4624-X531  10/21 60 60 2500 35 38 715 125 03 8 327 163 Pin
.E4625-X121 11/22 80 80 2500 24 3.5 42 938 03 10 408 185  Wire
.E4625-X131  12/22 80 80 2500 34 333 62 938 03 9 368 174 Wire
.E4626-X121 13/23 100 100 2500 24 277 355 75 0.3 10.5 432 198  Wire
.E4626-X131  14/23 100 100 2500 33 31 49 75 0.3 9 38.1 177 Pin
..E4626-X531  14/23 100 100 2500 33 31 49 75 0.3 9 38.1 177 Pin
.E4627-X121 15/24 120 120 2500 41 31 37 6.25 03 12.5 455 19 Wire

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX
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APPLICATION NOTE:
RC COMPONENTS FOR COMPENSATION OF PHASE ERROR

The excellent soft magnetic properties of the VAC core
material for DC-tolerant CTs leads to a negligible small
amplitude error as well as to extremely low and linear
temperature dependence. Due to the low permeability, a phase

—e

Input
A/D-
Converter

(G p—

error of typically 4° to 5° occurs which is easy to compen-
sate on account of its high constancy of typically +/- 0.05°.
Compensation can be effected digitally by appropriate
correction in the microprocessor and analogously by a RC
low-pass in front of the input of the A/D converter. A number
of major metering chip providers supply tailored solutions for
optimum performance and accuracy in combination with
these CT types.

DC TOLERANCE TEST ACCORDING TO IEC 62053-21, -23

RCu

C =Ry +Ry)/w? R-L

Condition for value of R:

RB <<R<<IZI of converter;
typical value R = 1kQ

Typ. C values: 150 ... 300 nF

- i=1_-J2=60A,

l.,= 'LJ;:%: 42.42A
Standard
(O— Watthour > ®
Meter

/

|

\

I

A A
. Test .
+H 77 Watthour Balancing W
| 60A
Itest= n;x= 2= 30 Arms
~ Rb Rb Ibalance =30 Arms
i=21_ =2-830A_ =60A,

O

The diagram above shows a typical test of DC tolerance of a 60 A electricity meter. The Balancing Impedance is another meter from the

same series. During this test, the meter shows 30 A, which is equal to 60 A

rms’ oP'

for only half-rectified sinusoidal currents.
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TABLE 3: SHIELDED CURRENT TRANSFORMERS FOR ANTI-TAMPERING

Order Code Error  Primary Ratio Phase Characteristic Values Dimensions
T60404-... Curves  Current Range Error
g/ 4 1. 1:00 ) L Ry R, Uy  Inerdia Width Heigth Pin/
bage] a1 (Ay] 00 N L R ) R 9 R AV B D H Wire
(mm] (mm]  [mm]
E4622-X011  20/26 6 - 2000 037 105 115 100 03 55 28 159  Wire
E4622-X012  21/27 6 - 2000 017 238 115 100 03 55 28 159  Wire
E4623-X171  8/20 40 40 2500 21 6.5 60 1875 03 6 385 20 Wire
E4624-X151  3/18 60 60 2500 4.06 3.0 55 125 03 8 329 171 Wire
E4624-X171 9/21 60 60 2500 35 38 715 125 03 8 369 192  Wire
E4625-X151  4/18 80 80 2500 515 24 535 94 03 8 329 171 Wire
E4626-X151 519 100 100 2500 448 197 55 75 03 95 358 172 Wire

TYPICAL CHARACTERISTIC OF THE AMPLITUDE ERROR IN THE FIELD OF A PERMANENT MAGNET

Sensitivity of E4624-X101/151 for DC magnetic fields
Magnet: VACOMAX® 65 x 65 x 35 mm

0 R | —
B .-X151 + 3 mm ..-X151 ..-X101
= | shielding plate (shielded) (unshielded)
“t
= |
S
£ 50
[«b]
[«b]
=]
3 |
£
£ |
<
_100|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10 20 30 40 50 60 70

Distance between magnet and CT [mm]

Diagram above shows a comparison of different shielding configurations. For optimum protection against external magnetic fields CTs
from ...-X151 series and a 3 mm shielding plate are needed.
® registered trademark of VACUUMSCHMELZE GmbH & Co. KG

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX 144



TABLE 4: CURRENT TRANSFORMERS WITHOUT DC TOLERANCE FOR DIRECT CONNECTION

Order Code Error  Primary Ratio Phase Characteristic Values Dimensions
T60404-... Curves Current Range Error
g/ v 1. 1:0 e L Ry R U Inerdia Widih Heigth Pin/
bagel (o 1 A T 1 N ) R (6) I A I D H  \Wie
[mm] [mm]  [mm]
.E4622-X002  16/24 20 - 2500 018 113 54 375 0.3 5 285 145  Wire
.E4623-X002  17/25 40 - 2500 012 155 61 188 03 55 28 16 Wire
..E4624-X002 18/25 60 - 2500 013 122 55 125 03 8 305 15 Wire
.E4624-X502  18/25 60 - 2500 013 122 55 12.5 0.3 8.5 31 14 Pin
..E4626-X002 19/26 100 - 2500 011 97 44 75 03 95 35 15 Wire
..E4626-X502 19/26 100 - 2500 011 97 44 75 0.3 1.5 34 14 Pin

TABLE 5: CURRENT TRANSFORMERS WITHOUT DC TOLERANCE FOR INDIRECT CONNECTION

Order Code Error  Primary Ratio Phase Characteristic Values Dimensions
T60404-... Curves  Current Range Error
Mg/ 4 1. 10 e) L Ry R, U Inerdia Width Heigth Pin/
bagel o 1 (A, N ) N (R (6) R VA R D H  Wie
[mm] [mm]  [mm]
..E4629-X007 20/26 6 2000 037 105 112 100 03 70 230 110  Wire
..E4622-X501 20/26 6 2000 037 110 115 100 03 6.3 245 115  Pin
.E4629-X010  21/27 6 2000 017 238 114 30 0.3 70 23 11 Wire
.E4622-X503  21/27 6 2000 017 238 114 100 0.3 6.3 245 115  Pin
..E4658-X043 22/27 6 1500 04 35 46 75 03 50 168 9 Pin

42 VAX CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING



TABLE 6: CURRENT TRANSFORMERS FOR ANSI MARKET

Order Code Error  Primary Ratio  Phase Characteristic Values Dimensions
T60404-... Curves  Current Range Error
Mg/ 4 1. 1:00 e L Ry R, U Inerdia Width Heigth Pin/
bage] [ 1 (Al [°] L] 9 B 0 R A0 D H Wire
[mm] [mm]  [mm]
.E4629-X007 23/28 20 - 2000 021 105 112 30 03 70 230 1.0  Wire
.E4622-X501  23/28 20 - 2000 021 110 15 30 03 6.3 245 115  Pin
.E4629-X010 24/28 20 - 2000 017 238 114 30 03 70 23.0 1.0  Wire
.E4622-X503 24/28 20 - 2000 017 238 114 30 03 6.3 245 115  Pin
.E4627-X001  25/29 200 - 1000 011 246 135 15 03 85 300 175  Wire
..E4628-X001  26/29 320 - 1000 010 22 127 094 03 110 350 185  Wire
EXPLANATIONS OF TABLES 1 TO 6:
Noted values are typical at room temperature (25 °C) R, = burden resistor
All types are designed as bar-type CTs with one primary turn U, = output voltage across burden resistor R; at|
(N, =1). ¢ = diameter of centre hole
D = maximum width of componentin mm
e = Maximum AC primary current with defined errors H maximum thickness of component in mm

peak

max. half wave rectified AC amplitude without satura-
tion (for Class 1 meter (IEC 62053 -21, -23):

F(l..) <3%)
¢ (I) = max. phase error for [ <I__
F() = max. amplitude error for <]
N, = number of secondary turns
L = inductance at moderate excitation level (I <Imax)
R,c = winding resistance

For further details please see datasheets, which are provided
on www.vacuumschmelze.com.

CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING VAX
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EXAMPLES FOR CUSTOMISED CURRENT
TRANSFORMER DESIGNS

In addition to the illustrated standard types, customised devel-
opments (see above) are also possible when sufficiently large
quantities are needed. Please ask for our latest CT checklist,
fill out as completely as possible and send it back to us.

If the sensitivity of the current transformer to external mag-
netic fields in special applications is still too high, we recom-
mend shielded versions of CTs (see table 3 on page 10). If
required, for anti-tampering issues each CT can be encapsu-
lated with a pair of deep drawing caps.

For additional protection against manipulation by external
fields from permanent magnets, a metal plate may be placed
between CT and the magnet (see diagram on page 10).

® 9
o P

DIELECTRIC STRENGTH TEST:

For standard type housings the following values are valid for
the insulation between a bare copper primary conductor and
the secondary winding (different test values on request):

U =25kV(50/60 Hz 1 min) and

prms

U =6KkV(1,2us/50 ps - test pulse)

p max
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PLC TRANSFORMERS FOR SMART METERING

In the years to come, ‘Smart Grids’ will take on greater sig-
nificance and electronic electricity meters newly installed for
this purpose will increasingly be networked to enable proc-
esses including remote meter reading.

Electronic electricity meters must therefore be able to com-
municate, and secure data transfer must be guaranteed. Var-
ious communication technologies are available for Automatic
Meter Reading (AMR). In the case of wired transfer technolo-
gies, power line communication (PLC) is one of the favoured
technologies.

VAC component characteristics are aligned and optimized
for low EMC interference, low distortion and high dielectric
strength. These key parameters for PLC transformers offer
particularly significant advantages for users with respect to
secure data transmission.

BLOCK DIAGRAM OF AN ELECTRONIC METER WITH PLC READ-OUT SYSTEM

L@ [ L |

U, (t)

j Transceiver|

PLC-

Load

Mains
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TABLE 7: PLC TRANSFORMERS FOR METERING APPLICATIONS

Order Code Turns Capacitor HV Test* ,
T60403K.. | Ratio || MO L] C, [[)pF] KV ] esign’”
5024-X044 11 14 200:200 0.3 25 6 SMD
4081-X004 200: 300 PTH flat
— 11 14 0.3 25 4 —
4085-X004 200 :300 PTH upright
5024-X078 11 2.5 200: 300 0.9 50 3 SMD
4096-X046 11 1.3 100 : 150 1 12 6 PTH
4096-X047 11 1.3 100 : 200 10 5 6 PTH
4096-X048 11 13 100 : 200 10 6 PTH
4021-X139 1.671 0.5 300:200 5 6 PTH
5024-X097 1.68:1 12 220 :160 5.8 17 1.5 SMD
4031-X009 21 1.0 140 : 80 0.67 17 4 PTH
5024-X079 21 14 350:120 2 50 3 SMD
5024-X090 11:2 0.88 | 100:100:100 04 30 3 SMD
5024-X092**** | 1:1:2 0.7 250: 250 : 500 0.99 375 4 SMD
5024-X099**** | 1:1:2 0.7 | 250:250:500 0.99 375 3 SMD
5032-X102 1:1:2 0.7 135:135:230 0.73 25.27 75 SMD
= reinforced insulation according to EN60950 *** = operational insulation
= mechanical outline; for details see VAC datasheet (available upon request) *** = extended performance in the low frequency range

TABLE 8: PLC TRANSFORMERS CROSS REFERENCE LIST

Echelon Maxim OnSemi | Renesas STM Tl Yitran
Order Code PLT-21 | PLT3120 | MAX2990 | AMIS ST7536 | ST7538
T60403K... PLT-22 | PLT3150 | MAX2991 | 49587 MI6C/ES ST7537 | ST7540 c2000 11800
5024-X044 X X X X X X
4081-X004
4085-X004 X X X X X X
5024-X078 X X X X
4096-X046 X X X X X
4096-X047
4096-X048 X
4021-X139 X X X
5024-X097
4031-X009 X X
5024-X079
5024-X090 X X
5024-X092* X X X X X
5024-X099* X X X X
5032-X102 X X

* = extended performance in the low-frequency range
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TYPICAL TEMPERATURE DEPENDENCE OF PHASE
AND AMPLITUDE ERRORS

Fig. 1: 20 A with DC Tolerance, T60404-E4622-X101
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Fig. 3: 60 A with DC Tolerance, T60404-E4624-X101/-X501/-X151
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Fig. 4: 80 A with DC Tolerance, T60404-E4625-X101/-X501/-X151
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Fig. 5: 100 A with DC Tolerance, T60404-E4626-X101/-X501/-X151

6,0 . T T T T17 10
] Phase ¢ (1) [°] I
5,5 1 - 85°C g
] T ] | I
55°C I
Z E ____/’J i o\'_°|
= 50 i P 6 =
s 1 j w
e 1 L S
5 45 Acerrd 2
@ ] | [<b)
5 g
s — =
[«b) 4 L
g 40 a2 £
o 4 L
35 1 — 0
] Amplitude F (1) [%]
3,0 1 L] H -2
0,1 1 10 100 1000
[ [Amd]
Fig. 6: 120 A with DC Tolerance, T60404-E4627-X101
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Fig. 7: 20 A with DC Tolerance, T60404-E4622-X121
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Fig. 9: 60 A with DC Tolerance, T60404-E4624-X121/-X171
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Fig. 10: 60 A with DC Tolerance, T60404-E4624-X131/-X531
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Fig. 11: 80 A with DC Tolerance, T60404-E4625-X121
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Fig. 13: 100 A with DC Tolerance, T60404-E4626-X121
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Fig. 15: 120 A with DC Tolerance, T60404-E4627-X121
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Fig. 17: 40 A, T60404-E4623-X002
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Fig. 18: 60 A, T60404-E4624-X002/-X502
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Fig. 19: 100 A, T60404-E4626-X002/-X502
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Fig. 21: 6 A, T60404-E4629-X010, 4622-X503, 4622-X012
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Fig. 23: 20 A, T60404-E4629-X007, 4622-X501

0¥24 ‘ ‘ ‘ ‘ TTTT T T T [ 0'30
85°C i hase ¢ (1) [] ;
~ 1 0,25
55°C L ~ 1 I
02 HH ~~ o2
= il U P
by -10°C o =
= L1 ~~~ L r 0,
s ||| o o
S 016 H Fol0 S
= 1 i E
s Loos &
£ £
oo |
0,12 Lo
—" :
1 -0,05
| Amplitude F (1) [%] [
0,08 ‘ HHH [ L] - -0,10
0,01 0,1 1 AL 10 1000
rms.
Fig. 24:20 A, T60404-E4629-X010, 4622-X503
0711 T T T TTT 0'20
‘ Phase ¢ () [] I
85°C
25°C i !
0,10 —40°C I 0,15
= 1o ====ssy =
0,09 N | 010 o
5 PN S
T :
2 | -
S 008 005 =
=i ? =
o |
0,07 o Lo
= ]
Amplitude F () [%] ~
0,06 L L 0,05
0,01 0,1 10 100
A

28 VAX CURRENT TRANSFORMERS AND POWER LINE TRANSFORMERS FOR SMART METERING



Fig. 25: 200 A, T60404-E4627-X001
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TYPICAL LINEARITY BEHAVIOUR OF DIFFERENT
VAC CORE MATERIALS

Classical crystalline 80 % NiFe vs. rapid solified VAC alloys
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TYPICAL CHARACTERISTIC OF AMPLITUDE

ERROR VS. UNIPOLAR (HALF-WAVE RECTIFIED)
PRIMARY CURRENT
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APPENDIX A

RECOMMENDATION: ENSURING THE MEASURING ACCURACY OF ELECTRICITY METERS

1. MEASURING SENSITIVITY FOR LOW LOADS

According to table 6 of IEC 62053-21 the percentage error limits for meters of class 1 (balanced loads) are specified as follows:

Value of current There are no limits specified in the low load range below 0.05 I,
for direct connected meters | Percentage error limits (e.g. for accurate metering of stand-by modus of electronic
for meters of class 1 devices, low energy lamps. ..).
0051 <=1<=011, /5%
011 <=l<= lmx +/-1.0 %

For specification of meters with | =5A and balanced loads (IEC) we therefore recommend supplementing these requirements by
low load conditions as follows:

Current Value of current Percentage error limits
for direct connected meters for meters of class 1
0.05A<=1<0.25A 0.011 <=1<=0.051, +/-1.5%
0.25A<=|<= Im 0051 <=I<= 'm +/-1.0%

This condition will ensure fair measuring accuracy in the low load range.

2. DC IN THE AC CURRENT CIRCUIT

According to table 8 of IEC 62053-21 with respect to DC components the limits of variation in percentage error shall be as follows:

Limits of variation
Value of current .
. , Power in percentage error
Influence quantity for direct connected
Factor for meters of class
meters
1 2
DC and even harmonics [
. o e 1 3.0 6.0
in the AC current circuit V2

This condition does not represent realistic loading where very often inductive load condition (power factor <<1) occurs simultane-
ously with DC-content of the current waveform (e.g. hair-dryers, vacuum cleaners ...

We therefore recommend supplementing the DC tolerance requirements by inductive load conditions as follows:

Limits of variation
Value of current .
, , Power in percentage error
Influence quantity for direct connected
Factor for meters of class
meters
1 2
DC and even harmonics Im 1 30 6.0

in the AC current circuit V2 0.5 inductive ' '

This condition will ensure reliable measuring accuracy independently from power factor and DC components.
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3. IMMUNITY AGAINST EXTERNAL MAGNETIC FIELDS

According to table 8 of IEC 62053-21 the immunity of meters against external magnetic fields shall be as follows:

Limits of variation

Value of current in percentage error

Power
Influence quantity for meters of class

Factor

for direct con- for transformer
nected meters operated meters

Continuous magnetic

I I 1 2.0 0
induction of external origin b n 3
Magnetic induction of

I 1 2.0 0
external origin 0.5mT b n 3

The conditions specified are adequate for normal environmental conditions.

In recent years requirements concerning much stronger fields have been discussed by metering regulators to also take into account
potential tampering with meters. These requirements led to considerable efforts by meter manufacturers, e.g. encapsulation of the
meter’s susceptible components against strong rare earth magnets using magnetic shielding.

However, it must be realised that not only permanent magnets, but also coils creating AC magnetic fields can potentially be used for
tampering and that ultimately any measurement principle including the ‘old’ Ferraris meter can be manipulated in one way or the other.
Of course, counter-measures such as magnetic shielding are also available for each measurement method. In the long run, the compe-
tition between factors such as increasing magnet dimensions and increasing shielding efforts cannot be won by any one of the parties
involved, but does increase meter costs significantly.

We therefore recommend introducing electronic means to detect tampering attempts and taking corresponding measures in-
side the meter’s electronics and communication system, while retaining the specifications cited above for field immunity require-
ments.

For example, external magnetic influences of extreme field strength, clearly indicating tampering attempts, could be detected by
cost-effective electronic sensors and generate an alarm signal at the front panel. Additionally, the alarm status should be stored
within the meter’'s data memory and, if a data exchange module is installed, communicated via the data interface to the data col-
lection and evaluation site of the energy supplier.
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APPENDIX B
DIFFERENCE FROM COMBINED CORE CTS

In recent years CTs based on cores with two parts known as combined cores have appeared on the market. One part of the core is
highly permeable while the second one is a low-permeable core for DC tolerance according to IEC 62053 -21, -23.

At conditions with power factor cose <1 and appearance of half rectified sinusoidal currents in the electricity grid, errors in meas-
uring power can increase up to 18 %.

The pictures below show the differences between ‘Single’ and ‘Combined’ cores.

SINGLE-CORE CT

HOMOGENOQUS CORE (VAC - TYPE, HIGH LINEARITY):
* best linearity in amplitude and phase

Meter with high-linearity CT measures correctly!

Measurement accuracy: current IEC- test and proposal

test A (linear single core)

20.00
15.00
10.00
€S ¢

5.00

~ —e— 0.5i

s

5 0.00 T#QEVEQi . ®— 08

@ 0 5 10 15 20 25 @& 0.9
-5.00

1

-10.00 —@— 0.9k
-15.00
-20.00

half-wave current (A)

* |[EC-test cose =1
fine
* proposal cose #1
Error data between +0.6 % and -0.3 %

Result: Power measurement independently from load and DG components!
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COMBINED CORE CT

COMBINED CORE (2 CORE PARTS):

« one high-permeability core part for AC operation

« one non-linear low permeability core part for operation under DC components
Meter with combined core CT behaves very sensitive.

Measurement accuracy: current [EC-test and proposal

test B (combined core)
20.00

15.00

10.00

5.00

0.00

error (%)

-5.00

25

-10.00

-15.00

-20.00

half-wave current (A)

* |[EC-test coso=1
satisfactory
* proposal  cose#1
Error data between +18% and -7,5%

Result: Power measurement depends strongly on load phase and DC components!

cos ¢

—@— 0.5i
—@— 0.8i
—®— 0.9

—@— 0.9k
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MATERIAL INFORMATION

NANOCRYSTALLINE CUT CORES
MADE OF VITROPERM® 500 FOR TRANSFORMERS

Applications:

¢ High frequency, high power transformers for
converters in drives, traction, power supplies,
welding, induction heating
Key Properties:
e |ower losses than other materials, due to
nanocrystalline rapid solidified alloy with
thickness of approx. 18 pm
e Low audible noise due to lower ‘ <

magnetostriction compared to
other materials

VITROPERM - typical data

e High flux density Saturation flux density Bs=1.2T
material (1.2 Tesla) Coercivity (static) H, < 3A/m

Saturation magnetostriction Ag=108....10¢
Electrical resistivity p ~ 115 uQcm
Curie temperature T, > 580 °C
Material permeability i, = 20000... 50000*
Core losses (2500Hz, 0.5 T) P, =< 1 W/kg*
Tape thickness: approx. 18 ym
Material Composition: (FeSi)gq(BNDCU) 4 ps 0,

*Toroidal core without air gap

VACUUMSCHMELLZE
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Part number Weight Iron Mean
cross iron path
section length /Jﬂltmg dimensions (for 2 U-shaped halves)
AFe IFe
Window Window Leg
Length Width length width width Height
T60102-L2... g cm? cm a/m b/m e/ mm g/ mm c/mm f/ mm
...083-W156 378 2.8 18.2 837 484\ 505 16 15.8 26.6
...130-W157 941 45 28.4 130.0 76.0 \ 78.0 25.0 24.7 26.6
...198-W171 1,680 53 43.2 198.0 115.0 1\8\.0 38.0 37.6 21.6
...157-W159 1,360 5.4 34.2 157.5 90.0 QS.N 30.0 29.6 26.6
...157-W158 1,570 6.2 34.2 157.5 90.0 95.0 \ 30.0 29.6 31.6
...198-W160 2,520 7.95 43.2 198.0 115.0 118.0 \SQO 37.6 31.6

VACUUMSCHMELZE GmbH & Co. KG
Griiner Weg 37

D-63450 Hanau

Tel.: +49 6181/38-0

Fax: +49 6181/38-2645
info@vacuumschmelze.com
www.vacuumschmelze.com
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Storage conditions for inductive components

Inductive components can be stored under normal industrial conditions. Typically functionality and
magnetic properties show only a negligible aging effect. However, some processing properties may
be influenced by storage conditions and storage duration.

In general, attention should be focused on the solderabilityand particularly the short-term temperature
resistance of SMD components during the reflow process. Storage needs to be avoided at locations
where the solderability might be negatively influenced by harmful atmospheric conditions.

Investigations have shown that component processing is possible within a minimum period of 2 years
under the following conditions:

SMD - components

Temperature: -5 °C ... + 40 °C

Humidity (rel) : 10 % - 60 %

All other components

Temperature: -5 °C ... + 40 °C

Humidity (rel) : 10 % - 75 %

For some products, higher values for temperature and humidity are possible. These values are indi-
cated in the data sheet of the relevant product.

Furthermore the packaging material is to protect against humidity and condensation before and dur-

ing storage.

Special package is used for components with enhanced sensitivity against humidity. Please contact

us if you have any questions.

VACUUMSCHMELZE GmbH & Co. KG
Griliner Weg 37 D-63450 Hanau

Postbox 22 53 D-63412 Hanau
Phone: +49 6181 38-0
Fax: +49 6181 38-2645

E-Mail: info@vacuumschmelze.com
http://www.vacuumschmelze.com

Registered at Registergericht Hanau HRA 5479
Registered Office: Hanau

01502hu

Liable Partner (Personlich haftende Gesellschafterin):
VAC Finanzierung GmbH

Registered at Registergericht Hanau HRB 91707
Registered Office: Hanau

® registrierte Marke der VACUUMSCHMELZE GmbH & Co. KG

Management Board (Geschéftsfiihrung):
Dr. Hartmut Eisele, Dr. Frank Steibert,
Stephen D. Dunmead, Valerie Gentile Sachs
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