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THE COMPANY
VACUUMSCHMELZE

ADVANCED MAGNETIC SOLUTIONS

VACUUMSCHMELZE 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 electronic 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 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 400 million.
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SECTION 1
APPLICATIONS

¢ Branch Circuit Power Monitoring — Multi-circuit monitoring to improve power distribution efficiency
e Substation Error Detection — High accuracy for utility network monitoring

e Motor Management System — Current measurement for motor protection

¢ Industrial Electricity Meter — Highest accuracy for critical power and large energy users

e Smart Electricity Meter — Precise measurement with or without DC immunity

-
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New solutions for electric power generation and distribution
have been driven by the transtition towards renewables and
a general increase in the demand for electricity. In recent
years, the production of electricity by conventional energy
sources has seen a decline, while the share of energy from
renewable sources has increased. This evolution leads to a
complex electricity grid architecture, which must ensure
safe electricity transmission and distribution and a sufficient
supply for all application areas.

To guarantee both a resource efficient and energy efficient
operation of the grid, so-called network management
systems become necessary. Hence, Current Transformers
(CTs) that enable a continuous monitoring of the electricity
usage are needed. Modern materials and innovative
engineering from VACUUMSCHMELZE provide a superior
solution for fulfilling network monitoring demands. We offer
various current detection options for monitoring, control and
protection:

e Cores and Current Transformers for electronic energy meters
e Current Transformers for current monitoring
e Current Transformers for protection applications
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MANUFACTURING OF

VITROPERM AND VITROVAC

VAC pioneered the development of rapid solidification
technology resulting in the production of thin tapes or
ribbons approximately 20 um thick. Based on this technology,
amorphous VITROVAC® and nanocrystalline VITROPERM®
material is produced in a technically advanced one-step
process (Fig. 1). Special slitting and core winding machines
produce tape-wound cores from the rapid-solidified material.

A subsequent heat treatment at around 500-600 °C induces
the final magnetic properties into the material. VITROVAC
remains amorphous during this annealing process whereas
VITROPERM's initially amorphous microstructure is trans-
formed into the nanocrystalline state. This is a two-phase
structure with fine crystalline grains (average grain diameter
of 10-40 nm) embedded in an amorphous residual phase
(Fig. 2).

® = registered trademark of VACUUMSCHMELZE GmbH & Co. KG

melting furnace

i induction coil

ceramic nozzle
cooling / quenching rate:
1000 000 Kelvin / s

liquid metal
1300°C

amorphous metallic strip,
17- 25 um
speed: 100 kmih (60 mph)

casting wheel

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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ADVANTAGES OF VITROPERM AND VITROVAC
FOR CT APPLICATIONS

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, namely
VITROVAC and VITROPERM produced by rapid solidification
technology, we are in a leading position to serve the metering
and monitoring industry with high-performance current
transformers.

Our R&D and Engineering departments can provide
outstanding expertise in designing cores and components
for the current measurement industry worldwide.

The key performance features for an efficient and accurate
CT for electronic electricity meters are:

Performance features of a current transformer

Requirements for the core material

Low phase error ¢

High permeability p

Low amplitude error F(l)

High permeability p; Low core losses tan o

Large current range

High saturation flux density B,

Constancy of the phase and amplitude error

High linearity, low and linear temperature dependence of

DC tolerance according to IEC 62053-21 and -23

Very good linearity of the hysteresis loop (F-loop);
High saturation flux density B;=small time constant =

Table 1: Performance features of a CT vs. the requirements of the core material

For high precision electricity meters, only the materials with
the highest permeability values like VITROPERM alloys are
adequate. The permeability of VITROPERM F-loop can reach
p=300,000. According to Table 1 a CT made of this material
has a very low phase error and low amplitude error.

If DC tolerance is required, the first choice is cores made
of VITROVAC. This amorphous material has an excellent
linearity, and due to the low permeability and low time
constants, this results in a DC tolerance.

The high linearity of cores and CTs made of VITROVAC and
VITROPERM allows our customers easy compensation of the
remaining phase error. Dependent on the accuracy class and
the material, no compensation may be necessary.

Further details are explained in the application note on pages
10 and 11.
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PRINCIPLE OF GIRCUITRY

Phase and amplitude errors are critical for -electricity
measurement accuracy when current transformers are used.
In meters of medium accuracy without DC tolerance, these
phase and amplitude errors have very low absolute values,
and can therefore be easily compensated by a simple
correction in the circuit.

Current transformers with DC tolerance have the special
feature of a relatively high and very constant absolute phase
error value, whereas the amplitude error is negligibly small.
This causes an energy measurement error which varies only
slightly with the primary current and which results in un-
acceptable high error values with complex loads (e.g.
inductive load with cos ¢ = 0.5) if the phase error is not care-
fully 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
individual 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 l,). 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,
correction is possible by means of an RC low-pass filter
connected in series with the analogue current measuring
input, whereby a C-value of typ. 150 to 300 nF is suitable for
an R of approximately 1kS. 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
necessary, we offer recalculation of the error characteristics
upon request.
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TABLE 2: CTs WITH DC TOLERANCE ACCORDING TO IEC 62053-21 AND -23 — BASED ON VITROVAC

Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- )

tude Lo Lo 1001 () L R, R Uy Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A] [°] M [ [V ] [mm (mm]  [mm]
..E4622-X101 1/20 20 20 2500 362 46 54 3750 03 50 285 145  Wire
..E4623-X101 2/20 40 40 2500 415 37 66 1880 03 55 280 16.0 Wire
..E4624-X101 3/21 60 60 2500 406 30 55 1250 03 80 305 150  Wire
...E4624-X501 3/21 60 60 2500 406 3.0 55 1250 03 85 31.0 140 Pin
...E4625-X101 4/21 80 80 2500 515 24 59 940 03 80 305 150 Wire
...E4625-X501 4/21 80 80 2500 515 24 59 940 03 85 31.0 140 Pin
...E4626-X101 5/22 100 100 2500 448 21 44 750 03 95 350 150 Wire
...E4626-X501 5/22 100 100 2500 448 21 44 750 03 115 340 140 Pin
...E4627-X101 6/22 120 120 2500 4.07 18 34 6.25 03 120 39.0 18.0 Wire
TABLE 3: CTs WITH DC TOLERANCE ACCORDING TO IEC 62053-21 AND -23 — BASED ON VITROPERM
Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- )

tude Lo Lo 1001 () L R, R Uy Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A] [°] M V] [mm (mm]  [mm]
..E4622-X121 7/23 20 20 2500 20 923 706 37500 0.3 50 309 16.0 Wire
..E4623-X121 8/23 40 40 2500 21 6.50 60.0 18750 0.3 70 33.8 169 Wire
..E4624-X121 9/24 60 60 2500 23 505 515 12500 03 8.0 375 181 Wire
...E4624-X131 10/24 60 60 2500 35 3.80 715 12500 03 80 327 16.3  Wire
...E4624-X531 10/24 60 60 2500 35 3.80 715 12500 03 80 327 163 Pin
...E4625-X131 11/25 80 80 2500 34 333 620 9375 03 90 36.8 174  Wire
...E4626-X121 12/25 100 100 2500 24 277 355 7500 03 105 432 19.8  Wire
...E4626-X131 13/26 100 100 2500 33 310 49.0 7500 03 90 381 177  Pin
...E4626-X531 13/26 100 100 2500 33 310 49.0 7500 03 90 381 177  Pin
..E4627-X121  14/26 120 120 2500 441 310 370 6.250 0.3 125 455 19.0 Wire
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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 lead to a negligible small
amplitude error, as well as to extremely low and linear
temperature dependence. Due to the low permeability, a
phase error of 4° to 5° is typical, which is easy to
compensate considering its very stable value of typically
within +/-0.05°. Compensation can be effected digitally by
appropriate correction in the microprocessor and in the
analogue circuitry by an RC low-pass filter in front of the
input of the A/D converter, see schematic circuit in Fig. 3. A
number of major metering chip providers supply tailored
solutions for optimum performance and accuracy in
combination with these CT types.

DC components and their influence on the accuracy
of a Current Transformer for Electronic Energy Meters
During operation with DC currents high permeability cores
tend strongly to gradual saturation. At each applied 50Hz
rectified pulse, the core becomes increasingly saturated
until it reaches its maximum, Bg,. This behaviour is shown
in Fig. 4. Driving the core into saturation results in incorrect
measurement results.

To prevent this problem, amorphous VITROVAC or nanocrys-
talline VITROPERM based CTs can be used. The advantages
of these materials are the small amplitude error and its very
stable value. Furthermore, a smaller permeability causes a
reduction of the time decay constant 7, which results in a
faster degradation of the inner field AB, inside the core. This
time constant defines whether a CT is DC tolerant or not.

_— e

|prim } R

Input
c—— AD-
Converter

C=(Ry,+R)/w?R-L

Condition for value of R:

RB <<R<<IZI of converter
Typical R value = 1kQ

Typical C value: 150 ... 300 nF

Fig. 3: Schematic diagram

I

prim

| BB |

not DC tolerant

Fig. 4: Saturation of the core material
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Only if AB,> AB, can the core be DC tolerant. So called
“combined cores” seem to be a low-cost alternative to low
permeability VITROVAC or VITROPERM cores. It is claimed that
CTs with those cores are DC-tolerant as well. A combined core
is built up with two different materials. One high permeability
material for operation under pure AC condition and a second
low permeability material for operation when DC components
are present in the AC current. The direct current will result in
saturation of the high permeability material and the measure-
ment is made by the low permeability material in that mode.

This is the reason for the significant disadvantage of com-

VAC core
e low permeability
e amorphous or nanocrystalline core

Hysteresis loop of a VAC core
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Fig. 5: Characteristics of a VAC core vs. a combined core

B[

bined cores compared to VITROVAC or VITROPERM cores.
The saturated part of the combined core induces the
remaining magnetic flux into the low permeability part and
consequently strongly influences the measurement result.
This behaviour is shown in Fig. 5. The hysteresis loop of the
VITROVAC or VITROPERM core is very linear over the whole
range of the magnetic field strength whereas the combined
core shows a strong non-linear behaviour.

Hence, the combined core does not measure the current
correctly. In contrast, ultra-linear low permeability VITROVAC
or VITROPERM CTs are able to measure current with a very

Combined core
e two cores made of different alloys
e inhomogenous core

/N

Part1 Part2

Hysteresis loop of a combined core (Part 1 and Part 2)
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Power Factor

Usually, the shape of the current waveform in an electronic
network is dependent on the kind of load (resistive, capaci-
tive and inductive). Whereas resistive loads do not influence
the sine wave phase, resistive and inductive loads strongly
influence the phase shift between current and voltage. This
can be quantified as a power factor cos ¢. The power fac-
tor can also be defined as the ratio between true power and
apparent power.

For resistive loads, e.g. light bulbs or electric heaters, cos ¢
is always 1. In this case both cores, combined cores and high
performance VITROVAC, respectively VITROPERM cores,
would measure accurately, whereas VITROVAC or VITROPERM
would be much more linear.

Calculated behaviour of the power emor of a Wh-metsr dus to arrars of the CT

with optimum compenaation for 25°C at half wave sinuscidal current

In reality, typical loads in an electric network do not only
consist of resistive loads. Every household and every
company has capacitive loads like fluorescent lamps or
inductive loads like vacuum cleaners. In every household or
business, the use of vacuum cleaners, fluorescent lamps and
other electric devices results in capacitive or inductive loads.

The left graph of Figure 6 shows the meter error behaviour of
a VAC CT and the right one exhibits the combined core
behaviour. Comparing VITROVAC and VITROPERM CTs and
combined core CTs, the meter error of the combined core
can differ by more than 40 %, dependent on cos ¢, which is
a significant disadvantage for the combined core CT.

Calculated behaviour of the powsr ermor of a Whe-meter dus to smors of the CT

with aptimum companaafion for 25°C at half wave simmsocidal curmant
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Fig. 6: Comparison of the power error of an electronic electricity meter. The left graph shows a VITROVAC based high accuracy meter which is nearly independent
of the power factor. The right graph demonstrates the strong influence of the power factor and hence the inaccurate meter behaviour of a combined core

based electronic electricity meter.
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Whereas the power error of the meter is nearly constant over
the whole power factor range for VITROVAC or VITROPERM
cores, the power error of a combined core based meter has
a strong dependence on the power factor cos ¢ (Fig. 7).
Hence, it is not recommended to use these inaccurate
combined cores in high precision electronic energy meters.
Fig. 8 is an example on how relevant the measured energy
consumption, and respectively the meter error, can be. Meter

Comparative measurement of electronic electricity meters
DTSD 341 [ WASION, China) with diSzrent current iransormers
Operation with hatf wave rectified sinewave current of 10 A {3 avgd. readings)

= ‘\‘\‘H— —E“-ICT!EH.'IJ NMME—UACGT ﬂ!mm

E T

" =]

L. S~

i : R“"‘H

- \\\
L]

E <
-5 T —T — T T T —T— — —
LT [ i1 LI e 1

[Py
Fmrfﬂult 5os ? {lag)

Fig. 7: Comparison of the dependence of power error with respect to the
power factor. The VAC CT is very constant whereas the combined
becomes increasingly inaccurate.

A, which is based on an amorphous VITROVAC core,
measures as accurately at cose = 0.85 as at ¢ = 1.0. In
comparison, Meter B using a combined core CT has a much
larger error of 4.5 % at a superposed DC current of 2 amps.
Those errors directly correlate to the cost of the energy
consumption, which has to be paid by the end customer or
the utility.

Error measurement

Meter B
(combined core CT)

(oo ] L R N I |

50 Hz-current 74A

) ) e (&
cos @ 085i l@ | | | | | |
" ocourent | 2A

g = R\

Fig. 8: Measurement example for a realistic cos ¢ in a typical household

CURRENT TRANSFORMERS VAX



14

DC TOLERANCE TEST ACCORDING TO IEC 62053-21, -23

l,= ':nl_a; =6°j;s =42827 - 1=, J2=60A,
Standard
(O—  Energy > ®
Meter

AN

I,

A
4 E:gf;y Balancing Q—U’
TT m ‘ o Impedance i
Ilesi= Imj =60Afm5 = 30Arms
2 2 I =30A
) Rb Rb balance rms
i=2l,,=2-30A_ =60A,

O

Fig. 9: Typical test circuitry

The diagram above shows a typical test configuration for the
measurement of the DC tolerance of a 60 A electricity meter.
The balancing impedance is a second meter of the same
series. During this test, the meter shows 30 A, which is
equal to 60 A, for only half-rectified sinusoidal currents.

Shielded CT s for Anti-Tampering

In special applications, if the sensitivity of the current trans-
former to external magnetic fields in special applications is
still too high, we recommend shielded versions of CTs (see

Table 4 on page 16). If required for anti-tampering issues,
each CT can be encapsulated with a pair of deep drawn
shielding caps.

For additional protection against manipulation by external
fields from permanent magnets, a metal plate may be placed
between the CT and the magnet (see Fig. 10 on page 15).
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Amplitude error F(Imm) [%]

Sensitivity of E4624-X101/151 against DC magnetic fields
Magnet: VACOMAX® 65 x 65 x 35 mm

TYPICAL CHARACTERISTICS OF THE AMPLITUDE ERROR IN THE FIELD OF A PERMANENT MAGNET

0

B ..-X151 + 3 mm ..-X151

| shielding plate (shielded) ded)

| N Y I I | N T I I I | | N Y I I | | Y I I | | N I I | | N Y I I | | Y I I |
10 20 30 40 70

® = registered trademark of VACUUMSCHMELZE GmbH & Co. KG

Distance between magnet and CT [mm]

Fig. 10: Diagram above shows a comparison of different shielding configurations. For optimum protection against external magnetic fields, CTs from the ...—X151
series and a 3 mm shielding plate are recommended.
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TABLE 4: SHIELDED CTs FOR ANTI-TAMPERING

Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- X

tude N I B B () L R, R U Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A] [°] M« v, mm (mm]  [mm]
..E4622-X011 19/29 6 - 2000 0.37 105.00 115.0 100.0 0.3 55 28.0 159  Wire
..E4622-X012 19/29 6 - 2000 017 238.00 115.0 100.0 0.3 55 28.0 159  Wire
..E4624-X151  3/21 60 60 2500 4.06 3.00 550 125 03 80 329 171 Wire
..E4624-X171 9/24 60 60 2500 35 380 715 125 03 80 369 19.2  Wire
..E4625-X151 4/21 80 80 2500 515 240 535 94 03 80 329 171 Wire
..E4626-X151 5/22 100 100 2500 4.48 197 550 75 03 95 358 172 Wire
TABLE 5: CTs WITHOUT TOLERANCE DC FOR DIRECT CONNECTION
Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- X

tude Lo loewe 1001 () L R, R U Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A] [°] M« v, mm (mm]  [mm]
..E4622-X002 15/27 20 - 2500 0.18 113 54 375 03 5.0 285 145  Wire
..E4623-X002 16/27 40 - 2500 012 155 61 188 03 55 28.0 16.0 Wire
...E4624-X002 17/28 60 - 2500 013 122 55 125 03 8.0 30.5 150  Wire
...E4624-X502 17/28 60 - 2500 013 122 55 125 03 8.5 31.0 140 Pin
..E4626-X002 18/28 100 - 2500 0.1 97 44 75 03 9.5 350 150 Wire
..E4626-X502 18/28 100 - 2500 0.1 97 44 75 03 115 340 14.0 Pin
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TABLE 6: CTS WITHOUT TOLERANCE DC FOR INDIRECT CONNECTION

Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- )

tude N I B () L R, R Uy Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A,] [°] M« v, mm (mm]  [mm]
..E4629-X007 19/29 6 - 2000 037 105 112 100 03 70 23.0 11.0 Wire
..E4622-X501 19/29 6 - 2000 037 110 115 100 03 6.3 245 115  Pin
..E4629-X010 20/29 6 - 2000 017 238 114 30 03 70 23.0 11.0 Wire
...E4622-X503 20/29 6 - 2000 017 238 114 100 03 6.3 245 115  Pin
..E4658-X043 21/30 6 - 1500 0.40 35 46 75 03 50 16.8 9.0 Pin
TABLE 7: CTS FOR THE ANSI MARKET
Order Code Phase- Primary Ratio Phase Characteristic Values Dimensions
T60404-... and Current Range Error

Ampli- )

tude N IS B () L R, R Uy Inner Width  Height Pin/

Error diameter D H Wire

Curves 0

[Fig./page] [A,d  [A] [°] M« v, mm (mm]  [mm]
..E4629-X007 19/29 20 - 2000 0.21 105.0 112.0 30.00 0.3 7.0 23.0 11.0 Wire
..E4622-X501 19/29 20 - 2000 0.21  110.0 115.0 30.00 0.3 6.3 245 115  Pin
..E4629-X010 20/29 20 - 2000 017 238.0 114.0 30.00 0.3 7.0 23.0 11.0 Wire
..E4627-X001 24/31 200 - 1000 0.1 246 135 150 0.3 8.5 30.0 175  Wire
..E4628-X001 25/32 320 - 1000 0.0 220 127 094 03 110 350 185 Wire

CURRENT TRANSFORMERS VAX 17



18

TABLE 8: CTs FOR MONITORING / PROTECTION AND MEASUREMENT APPLICATIONS

Order Code Phase- and  Primary  Ratio Characteristic Values Dimensions
T60404-... Amplitude Current
Error Curves  Range
. T[] L Ry R Uy Inner dia-  Width  Height  Pin/
meter @ D H Wire
[Fig./page]  [Ad H Q] @ [V, ] [mm] (mm]  [mm]
...E4658-X039 26/32 6* 1500 80 44 75 0.3 5.0 16.8  19.0 Pin
...A4185-X037 27/33 8 300 =70 50 20 0.5 - 276 150 Pin
...A4658-X034 28/33 10 1500 =20 100 100 07 5.0 16.8  19.0 Pin
...A4658-X037 29/34 10 1000 128 50 30 0.3 5.0 16.8 19.0 Pin
...54658-X051 30/34 100 2000 =63 51 10 0.5 10.8 270 295 Pin

withT,, =4.2A

peak

Key to tables 2 to 8:

Noted values are typical at room temperature (25 °C)
All types are designed to have one primary turn (N, = 1), ideally, a bus-bar

lnax = maximum AC primary current with defined errors

(for class 1 meter (IEC 62053 -21, -23): F(l,.) < 3%)

¢ () = max. phase error for | <1,

F(l) = max. amplitude error for | <1,

N, = number of secondary turns

L = inductance at moderate excitation level (I <1,

e = Max. half wave rectified AC amplitude without saturation

= winding resistance

= burden resistor

= output voltage across burden resistor Ry at I .,

= diameter of centre hole

= maximum width of component in mm

= maximum heigth of component in mm

For further details please see the datasheets which are provided at www.vacuumschmelze.com
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GCURRENT TRANSFORMER DESIGNS

The VAC standard product spectrum offers more than 50 current transformer components for the whole range of current measurement
applications. These types can be ordered directly from VAC. Please see our separate standard product tables.

EXAMPLES FOR VAC STANDARD CURRENT TRANSFORMER DESIGNS

e ® o

Despite the large range of standard products, sometimes custom versions are the best solution. It is one of VAC's core competences to
engage our experienced product development engineers for the benefit of achieving the best and most efficient solution. A prerequisite

for this must be an economic production volume.

EXAMPLES OF CUSTOMIZED VAC CURRENT TRANSFORMER DESIGNS
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SECTION 2

TYPICAL TEMPERATURE DEPENDENCE
OF PHASE AND AMPLITUDE ERRORS

Fig. 1: 20 A with DC Tolerance, T60404-E4622-X101
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Fig. 2: 40 A with DC Tolerance, T60404-E4623-X101
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Fig. 3: 60 A with DC Tolerance, T60404-E4624-X101/-X501/-X151
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Fig. 5: 100 A with DC Tolerance, T60404-E4626-X101/-X501/-X151

6,0 . T T T 1711 10
] Phase o (1) [°] I
55 1 - 85 g
1 N —"'"-/ [ +
55°C I
Z E L ____/'—J i §‘
S %03 25°C ° o=
S I I S
e 1 | S
5 45 crd 2
@ ] | <5
2 E
o ] =
[«b) 4 L
g 40 a0c 2 £
o 4 L
35 - 0
] Amplitude F (I) [%]
3,0 1 L H -2
0,1 1 10 100 1000
I A
Fig. 6: 120 A with DC Tolerance, T60404-E4627-X101
55 7 T T T T 1717 10
] Phase ¢ (1) [°] I
5.0 85°C = — 8
] T I
. ] 55°C I .
=] N . =
= 457 25°C ° =
=2 1 . | g
S 1 ‘ ! S
> 4,0 -10°C 4 >
@ 1 | [<b)
[<b} ] T I =
& 351 2 £
< ] I
30 = 0
] EE S — — —————— |
Amplitude F (1) [%]
0,1 1 10 100 1000

| Ads]

VAX CURRENT TRANSFORMERS



Fig. 7: 20 A with DC Tolerance, T60404-E4622-X121
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Fig. 9: 60 A with DC Tolerance, T60404-E4624-X121
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Fig. 11: 80 A with DC Tolerance, T60404-E4625-X131
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Fig. 13: 100 A with DC Tolerance, T60404-E4626-X131/-X531
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Fig. 15: 20 A, T60404-E4622-X002

02 - - 0,40
018 ] 10,35
] N 10,30
0,16 ~I ;
— ] T~ +025
= ] | i =
= 0143 85°C fo20 &
] | r =
= 012 - 55°C 015 -
=R N 25° z =
= 010 _10°C $010 &
()] 4 | | - e}
= ] —40°C £005 =2
s 008 ; 5
2 ; too0 £
=006 1 -0,05
] £ 0,10
0,045 3
Fig. 16: 40 A, T60404-E4623-X002
0.14 0.25
0,12 0,20
= =
= 0,10 015 =
o ] I g
S ] 85°C 5
2 ] 55°C i =
S 0,08 - 010 @
@ ] | @
= ] E
S =
[«b) 4 |
20,06 — 005 £
£ [
0,04 - 0
1 . 0, —— |
] Amplitude F (I) [%] -~ 7
0,02 20,05
1000

CURRENT TRANSFORMERS VAX



28

Fig. 17: 60 A, T60404-E4624-X002/-X502
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Fig. 19: 6 A, T60404-E4629-X007, 4622-X501, 4622-X011, 4622-X012
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Fig. 20: 6 A, T60404-E4629-X010, 4622-X503
0,20 — 0,20
‘ ) [ I
—40°C
0,18 -10°C 1 } ‘I 0,15
25°C | [
O: 8o°C B N \ I 7 O\l_c’.
S 0,16 5°C \\ I 0,10 E
2 RN — S
G \§ | I >
@© S =
(=] L
S 014 S 005 =
7 -
s . <
o |
0,12 0
Y |
Amplitude F () [%] ~
010 L L 0,05
0.1 100

CURRENT TRANSFORMERS VAX



30

Fig. 21: 6 A, T60404-E4658-X043
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Fig. 23: 20 A, T60404-E4629-X010, 4622-X503
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Fig. 25: 320 A, T60404-E4628-X001
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Fig. 27: 6 A, T60404-A4185-X037
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Fig. 28: 100 A, T60404-A4658-X034
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Fig. 29: 10 A, T60404-A4658-X037
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TYPICAL LINEARITY BEHAVIOUR
OF DIFFERENT VAC CORE MATERIALS

Indirect connected / 6 A application
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TYPICAL CHARACGTERISTIC
OF AMPLITUDE ERROR VS. PRIMARY CURRENT
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TYPICAL CHARACGTERISTIC
OF AMPLITUDE ERROR VS. UNIPOLAR
(HALF-WAVE RECTIFIED) PRIMARY GURRENT
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APPENDIX

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 Percentage error limits There are no limits specified in the low load range below 0.051,
for direct connected meters | for meters of class 1 (e.g. for accurate metering of stand-by modes of electronic
0.051, <=1<=011, /15 % devices, low energy lamps...).
011 <=l<=1 +/1.0 %

For the 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<=l<=1 0051 <=l<=I__ +/-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 nax 1 3.0 6.0
in the AC current circuit J2

This condition does not represent realistic loading where very often an inductive load condition (power factor <<1) occurs
simultaneously with the 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 o 1 30 6.0

in the AC current circuit J2 0.5 inductive ' '

This condition will ensure reliable measuring accuracy independent 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
Influence quantity l::(\:,:srr for meters of class
for direct con- for transformer

nected meters operated meters

Continuous magnetic

| | 1 2.0 3.0
induction of external origin b "
Magnetic induction of
1 2.0 3.0
external origin 0.5mT b n

The conditions specified are adequate for normal environmental conditions.

In recent years years, the requirements concerning much stronger fields have been discussed by metering regulators to also consider
potential tampering with meters. These requirements led to considerable efforts by meter manufacturers, €.g. encapsulation of the
meter’s susceptible components using magnetic shielding to minimise the effects of strong rare earth magnets.

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 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
competition between factors such as increasing magnet dimensions and increasing shielding efforts cannot be won by either of the
parties involved, with the only real outcome being to increase meter costs significantly.

We therefore recommend introducing electronic means to detect tampering attempts and taking corresponding measures inside
the meter’s electronics and communication system, while retaining the specifications cited above for field immunity requirements.

For example, external magnetic influences of extreme field strengths, 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
collection and evaluation site of the energy supplier.
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