XCTB - Current Transformers
for power quality applications up to 20 kHz

High-precision harmonic measurements up to 20 kHz
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New measuring requirements for inductive current transformers in the
low voltage range

Changes to the structure of generation and consumption

Over the last few years, the proportion of renewable energy in Germany has grown massively. Wind, biomass,
photovoltaic and hydroelectric plants now make up approximately 30% of the country’s energy mix.

Unlike in conventional nuclear or coal-fired power stations, where all synchronous generators are used to produce
electricity, here inverters or frequency converters are used. As such, it is not always possible to achieve a clean
sine wave.

The distortions are caused by the switching semiconductor elements in the inverter. Harmonics generated in this
way are whole multiples of the first harmonic and can extend far into the single-digit kilohertz range. The total
harmonic distortion (THD) factor1 specifies the undesirable distortion ratio of the 50 Hz sinusoidal oscillation and
regularly reaches between 10 and 30%.

In addition to the harmonics produced by inverters on the generator side, there have also been changes on the
consumer side in recent years. Non-linear consumers such as LED or energy-saving lamps are pushing linear
ones, like traditional incandescent bulbs, out of our daily lives almost completely.

Plug-in power supply units for mobile phones and laptops are no longer made from small transformers either,
but from semiconductor circuits known as switched-mode power supplies. It would not be possible to create
such small, light power supply units any other way. But these benefits are set against one big disadvantage: the
current is drawn from the public grid not as a sinusoidal waveform, but in pulses. The figure below illustrates this:

Rectification by diodes
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Figure 1: Bridge rectifier with pulsed current draw

The filter capacitor shown in the diagram not only smooths the required output voltage, it is also recharged in
pulses by the rectifier diodes. These steep current peaks generate reactive power on the one hand, and harmo-
nics on the other.

"The THD is the ratio of the harmonic component to the first harmonic
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Standards regulate limit values — but not always!

There is already a corresponding set of international norms that limits harmonic currents in end devices with
a power consumption > 75 W. Devices under 75 W are not currently covered by standards. In the interests
of keeping costs down, manufacturers do not usually implement filter measures or complex power factor
correction. The EN 61000-3-2 set of standards does not come into play until the 25 W mark for lamps either;
for example, where energy-saving lamps are concerned, THDI values of 30 to 70% and higher are not
uncommon during warm-up and in continuous duty. It should also be noted that, even when they do kick in,
the standards only define limit values up to 2 kHz. As a result, manufacturers have hardly taken interference
suppression into account at all when developing electronic products for the frequency range > 2 kHz in the past.
In addition, more and more electrical motors with variable-frequency drive technology are being used in the
industrial sector. Today already, the percentage of electrical motors sold that have a frequency-controlled drive
stands at around 40%. The majority of these motors utilise pulse width modulation technology, which can generate
THDI values in the range from 100 to 120%. Clean sine waves are almost impossible to identify at these values.
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Figure 2: Flow of current for an industrial customer on the low-voltage grid

Power electronics have so many benefits that we can categorically state there will be no return to linear consumers
such as the traditional incandescent bulb. In fact, we can expect harmonic loads to increase even further in
European grids, due to the development of alternative sources of energy and the growth of non-linear consumers.
We should also bear in mind that having lots of consumers that are not regulated by standards could cause
considerable interference overall. Filter systems have already had to be installed in office buildings where just
computers, telephone systems and energy-efficient bulbs are used, in order to bring problems with harmonics
under control.

Effects of harmonics

Grid operators are primarily interested in the economic effects of harmonics. When it comes to harmonic currents,
the most important phenomena are as follows

*  Overloading of neutral conductors

*  Overheating of transformers

* False tripping of circuit breakers/miniature circuit breakers

» Overstressing of power-factor correction capacitors

»  Skin effects

If the distortion level in the supply voltage reaches a value > 10%, this shortens the lifetime of devices considerably.
This reduction is estimated as follows:

* 32.5 % for 1-phase machines

* 18 % for 3-phase machines

* 5 % for transformers

To maintain the lifetime expected from the nominal load, the devices named above must be over-dimensioned.

2 Schneider Electric Wiki (accessed 09/01/2018) http://de.electrical-
installation.org/dewiki/Wirtschaftliche_Auswirkungen#St.C3.B6rungsausl.C3.B6sung_und_Anlagenausfal
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Standard regulation for distribution network operators

The latest draft of VDE-AR-N 4100" deals with this matter. Point 5.4.4.3 of this regulation refers to harmonic
currents of up to 9 kHz that need to be monitored and covers not only generating plants, but also
receiving plants and storage systems. The customer should liaise with the grid operator and take action
to reduce harmonic currents — particularly by constructing filter circuits. In future we can assume, therefore,
that current measurements up to 9 kHz will be taken continuously across the whole low-voltage network.
Looking at the overall picture of the rise in distributed energy generation plants and non-linear consumers, we
can see this is a very sensible move. Grid operators and their customers will need measuring equipment that can
accurately record harmonic currents of up to 9 kHz.

Current transformers up to 20 kHz

AMS offers the full series of XCTB current transformers for measurements up to 20 kHz. These products guarantee
high-precision transmission up to 20 kHz on the one hand, and are designed to withstand the thermal demands
of running in networks subject to harmonics on the other.

Output signals are 1 or 5 A, just like with the familiar inductive current transformer to IEC 61869-2. Performance
data corresponds to standard values too. As a result, these transformers can also be used in conventional 50 Hz
applications. An additional rating plate defines the frequency transmission behaviour.

Burden 0.2VA — Sr pf1 |
£<2% | ApS2°
0,05-10 kHz

£<3%|A$<3°
10-20 kHz

Connection cable:
HELUKABEL
Type:
0Z-500 HMH-C
2x2.5 or 2x4 mm?
(0-10m)

Figure 4: frequency transmission behaviour

Since the connecting cable affects the load and the transmission behaviour more if it is long, we recommend the
0Z-500 HMH-C cable from Helukabel GmbH (2 x 2.5 mm2 or 2 x 4 mm2 version) for harmonic measurements
up to 20 kHz.

AMS carries out its accuracy tests using this type of cable too. The customer can now benefit from a consistent
measuring chain and reliable measured values in the frequency range up to 20 kHz.

What's more, the XCTB series offers improved insulation resistance to voltage peaks and can also be used for
operating voltages up to 1000 V in accordance with an insulation rating of 1.2 /6 / — kV.

'TAR low voltage (E VDE-AR-N 4100): draft published 28/04/2017
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Typical frequency responses of the XCTB with resistive load
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Plug-in current transformers with screwless “Cage Clamp®“ connection
system for power quality applications up to 20 kHz

Screwless connection system thanks to “Cage
Clamp®” spring-type terminal (front or top)

S

* Innovative, time-saving connection option (front or top) for solid and flexible conductors,
max. 4 mm? — no need for ferrule terminals

* Resistant to shock and vibration

* Maintenance-free, gas-tight connection

* High current-carrying capacity and high mechanical retention forces

* Low-voltage current transformers for max. operating voltages Um up to 1.2 kV, can be used in 690 V net-
works

* Insulation test voltage: 6 kV, Urms., 50 Hz, 1 min

¢ Higher insulation level 1.2/6/12 kV — tested lightning impulse voltage for 690 V systems acc. to
IEC 61439-1 and -2

* Available in nominal current ranges 50...2000 A

* Accuracy classes @ 50 Hz: 1; 0.5; 0.5S, 0.2 and 0.2S

¢ Connecting cable for harmonic measurements: HELUKABEL type: 0Z-500 HMH-C
with 2x2.5 or 2x4 mm2 (0-10 m)

* Harmonic measurements with load 0.2 VA — Sr pf1 (power factor 1)

*  Measuring accuracy up to 20 kHz: € < 2% | A¢ <2°@ 0.05-10kHz || €<3% | A ¢ <3°@ 10-20 kHz

*  Can be continuously overloaded with 120% of the primary nominal voltage

« Suitable for networks subject to harmonics with fundamental frequencies of 50 Hz or 60 Hz

* Insulation class: E

*  Working temperature range: -5 °C < T < +50 °C

+ Storage temperature range: -25 °C < T <+70 °C

+ Unbreakable plastic housing made of polycarbonate, self-extinguishing, flame resistant

» Packing unit: 1 piece

*  Customs tariff number: 85043129

Further information:
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XCTB 31.35

Plug-in current transformers 7
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Dimensions:

Bus bar 1: 30 x 10 mm

Bus bar 2: 25 x 12 mm

Bus bar 3: 20 x 20 mm
Circular conductor: 25.7 mm
Installation width: 60 mm
Installation height: 80.9 mm
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Overall installation depth: 52 mm
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Technical data:

Therm. nominal continuous current|_.: 1.2 x |
Therm. nominal short-time current | : 60 x 1, 1's
Max. operating voltage U_: 1.2kV, U
Insulation test voltage: 6 kV, U, 50 Hz, 1 min
Lightning impulse voltage: 12kV, 1.2/50 ps
Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | AP <2°@ 0.05-10 kHz
€<3% | A <3°@ 10-20 kHz

Availability table for XCTB 31.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[A] [VA] Availability
60 1.25 X
75 2.5 X
80 2.5 X
100 1.5 X X X
2.5 X X X
1 X X
125 1.5 X X
2.5 X X X
1.5 X X X X
150 2.5 X X
© X
1.5 X X X
200 2.5 X X X
5 X X X X
250 2.5 X X X X
9 X X X X
300 2.5 x X X X
5 X X X X X
400 © X X X X X
500 2.5 X X X X
5 X X X X
600 5 X X X X
750 5 X X X X
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Availability table for XCTB 31.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[Al [VA] Availability
50 0.5 X
60 1.25 X
75 2.5 X
80 2.5 X
1.5 X X X
100 2.5 X X X
1 X X X
125 1.5 X X X X
2.5 X X X
1.5 X X X X
150 2.5 X X
5 X
1.5 X X X
200 2.5 X X X
® X X X
250 2.5 X X X
5 X X X X
300 2.5 X X X X
9 X X X X
400 5 X X X X
500 2.5 X X X
© X X X X
600 5 X X X X
750 B X X X

Accessories
Snap-on mount for installing the transformer on a

Quick-fix Cover sealing 35mm DIN-rail

f—
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XCTB 41.35

Plug-in current transformers
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Dimensions:

Bus bar 1: 40 x 10 mm

Bus bar 2: 30 x 15 mm

Circular conductor: 31.8 mm
Installation width: 70 mm
Installation height: 91.15 mm
Overall installation depth: 52 mm

10,30 . 38 ]
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Technical data:

Therm. nominal continuous current | ,: 1.2 x |
Therm. nominal short-time current | .: 60 x |, 1's
Max. operating voltage U _: 1.2 kV, U_
Insulation test voltage: 6 kV, U___, 50 Hz, 1 min
Lightning impulse voltage: 12kV, 1.2/50 ps
Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | AP <2°@ 0.05-10 kHz
€<3% | AP <3°@ 10-20 kHz

Availability table for XCTB 41.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[Al [VA] Availability
125 25 X
150 2.5
1.5 X X
200 2.5
5 X
2.5 X X
250 5 x
2.5 X X
300 5 .
400 © X X
500 2.5 X X X
5 X X X
600 2.5 X X X X
5 X X X X
750 2.5 X X X
5 X X X
800 5 X
1000 5 X
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Availability table for XCTB 41.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 | 0.5 | 0.5S | 0.2 0.2S
[A] [VA] Availability
75 1 X
80 1 X
100 1.25 X
125 2.5 X
150 2.5 X
1.5 X X
200 2.5 X
© X
2.5 X X
250 = ~
300 2.5 X X
© X X
400 5 X X X
500 2.5 x i X
© X X X
600 2.5 X X X
5 X X X X
750 2.5 X X X
© X X
800 5 X
1000 5 X

Accessories
Quick-fix

Cover sealing

- _
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Snap-on on mount for installing the transformer
on a 35mm DIN-rail
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XCTB 51.35

Plug-in current transformers

Dimensions:

Bus bar 1: 50 x 12 mm
Bus bar 2: 40 x 30 mm

Circular conductor: 43.7 mm

Installation width: 85 mm

Installation height: 105.25 mm

Overall installation depth: 52 mm
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Technical data:
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37
35

e

Therm. nominal continuous current Icth: 1.2 x IN
Therm. nominal short-time current | : 60 x | 1s

Max. operating voltage U _: 1.2 kV, U

rm:

S

Insulation test voltage: 6 kV, U_, 50 Hz, 1 min
Lightning impulse voltage: 12kV, 1.2/50 ps
Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | AP <2°@ 0.05-10 kHz
€<3% | Ad <3°@ 10-20 kHz

Availability table for XCTB 51.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[A] [VA] Availability
100 1.25 X
1.5 X X
125 1.5 X X
2.5 X
150 2.5 X X
1.5 X X
200 2.5 X
5 X
1.5 X X X
250 2.5 X X
5 X
300 2.5 x X X 4
5 X X X X
400 2.5 X X X X
5 X X X X
500 22 i X X =
5 X X X X X
600 2.5 X X X X
5 X X X X X
750 2.5 X X X X
5 X X X X X
800 5 X X
1000 5 X X X X X
1200 5 X X
1250 5 X X
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Availability table for XCTB 51.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
(Al [VA] Availability
100 1.25 X
1.5 X X
1.5
22 2.5 X
150 2.5 X X X
1.5 X X X
200 2.5 X X
5 X
1.5 X X X
250 2.5 X X
5 X X X
300 2.5 X X X X
5 X X X X
400 2.5 X X X
5 X X X X
500 2.5 X X X X
) X X X X X
600 2.5 X X X X
5 X X X X
750 2.5 X X X X
5 X X X X
800 5 X X
1000 B X X X X X
1200 5 X X
1250 5) X X

Accessories

Quick-fix Cover sealing
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XCTB 61.35

Plug-in current transformers

Dimensions:

. .

Bus bar 1: 63 x 10 mm
Bus bar 2: 50 x 30 mm

Circular conductor: 43.7 mm

Installation width: 95 mm

Installation height: 114.86 mm

Overall installation depth: 52 mm
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Therm. nominal continuous current | ,: 1.2 x |
Therm. nominal short-time current | .: 60 x |, 1's
Max. operating voltage U_: 1.2kV, U
Insulation test voltage: 6 kV, U__, 50 Hz, 1 min
Lightning impulse voltage: 12kV, 1.2/50 ps
Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | AP <2°@ 0.05-10 kHz
€<3% | AP <3°@ 10-20 kHz

Technical data:

Availability table for XCTB 61.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[Al [VA] Availability
1.5 X X X
200 2.5 X X X X
1.5 X X X

250 2.5 X X X
© X X X

300 2.5 X X X X
5 X X X X

400 2.5 X X X X
© X X X X

500 2.5 X X X X
5 X X X X X

600 2.5 X X X X
B X X X X X

750 5 X X X X X

800 5 X X X X

1000 5 X X X X

1200 © X X X

1250 5 X X

1500 © X X X

1600 5 X X
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Availability table for XCTB 61.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
(Al [VA] Availability
1.5 X X X
200 2.5 X X X X
1.5 X X X X

250 2.5 X X X
5 X X X

300 2.5 X X X X
5 X X X X

400 2.5 X X X X
5 X X X X

500 2.5 X X X X
5 X X X X X

600 2.5 X X X X
5 X X X X X

750 5 X X X X X

800 © X X X X

1000 5 X X X X

1200 © X X X X

1250 5 X X X X

1500 5 X X X X

1600 5 X X

Accessories

Quick-fix Cover sealing
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XCTB 81.35
Plug-in current transformers e w
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Dimensions: Technical data:
Bus bar 1: 80 x 10 mm Therm. nominal continuous current|_.: 1.2 x |
Bus bar 2: 60 x 30 mm Therm. nominal short-time current | : 60 x |, 1 s (max. 100 kA)
Circular conductor: 54.7 mm Max. operating voltage U_: 1.2kV, U
Installation width: 120 mm Insulation test voltage: 6 kV, U, 50 Hz, 1 min

Installation height: 134.66 mm Lightning impulse voltage: 12kV, 1.2/50 ps
Overall installation depth: 52 mm Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | AP <2°@ 0.05-10 kHz
€<3% | AP <3°@ 10-20 kHz

Availability table for XCTB 81.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[Al [VA] Availability
25 X X X
400 5 x
500 2.5 X X X X
5 X X
600 2.5 X X X X
5 X X X X X
750 2.5 X X X X
5 X X X X X
800 2.5 X X X X
5 X X X X X
1000 5 X X X X X
1200 5 X X X X X
1250 5 X X X X X
1500 5 X X X X X
1600 ) X X X X X
2000 5 X X X X
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Availability table for XCTB 81.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[A] [VA] Availability
2.5 X X X
400 5 -
500 2.5 X X X X
5 X X X
600 2.5 X X X X
5 X X X X X
750 2.5 X X X X
5 X X X X X
800 2.5 X X X X
5 X X X X X
1000 5 X X X X X
1200 5 X X X X X
1250 5 X X X X X
1500 5 X X X X X
1600 5 X X X X X
2000 5 X X X X

Accessories

Quick-fix Cover sealing
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XCTB 101.35

Plug-in current transformers 190

Dimensions:

Bus bar 1: 100 x 10 mm
Bus bar 2: 80 x 30 mm

Circular conductor: 70 mm
Installation width: 130 mm
Installation height: 147.49 mm
Overall installation depth: 52 mm
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Technical data:

Therm. nominal continuous current|_.: 1.2 x |
Therm. nominal short-time current | : 60 x |, 1 s (max. 100 kA)
Max. operating voltage U_: 1.2kV, U
Insulation test voltage: 6 kV, U, 50 Hz, 1 min
Lightning impulse voltage: 12kV, 1.2/50 ps
Nominal frequency: 50 / 60 Hz
Technical standards applied: DIN EN 61869, Part 1 + 2
Harmonic measurements with load 0.2 VA — Sr pf1
Measuring accuracy up to 20 kHz:
€<2% | Adp <2°@ 0.05-10 kHz
€<3%|Ad <3°@ 10-20 kHz

Availability table for XCTB 101.35 with secondary current 5 A

Secondary current 5A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[Al [VA] Availability
25 X

400 5 x
500 2.5 X

5 X X

2.5 X X

600 5 .
750 2.5 X X

5 X X X
800 2.5 X X

5 X X X
1000 5 X X X X
1200 5 X X X X X
1250 5 X X X X X
1500 5 X X X X
1600 ) X X X X
2000 5 X X X X
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Availability table for XCTB 101.35 with secondary current 1 A

Secondary current 1A
Primary Rated Accuracy class
current power 1 [ 0.5 [ 0.5S [ 0.2 [ 0.2S
[A] [VA] Availability
2.5 X

400 5 -
500 2.5 X X

5 X X

2.5 X X

600 5 - x
750 2.5 X X

5 X X X
800 25 X X X

5 X X X
1000 5 X X X X X
1200 5 X X X X X
1250 ©) X X X X X
1500 5 X X X X
1600 5 X X X X
2000 5 X X X X

Accessories

Quick-fix Cover sealing
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