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Model/Type reference............:

iMars XG100KTR, iMars XG100KTR-F,
iMars XG110KTR, iMars XG110KTR-F

Ratings.....ccoovvvviiiii il

Model

iMars XG100KTR iMars XG100KTR-F

Max.PV voltage

1100vdc

MPPT voltage range

180V - 1000Vdc

Max.input current

26A*9

30A*9

PV Isc

40A*9

Nominal output voltage

3/N/PE, 230/400Vac

Nominal output

Frequency 50Hz

Max.output current 158.8A
Rated output power 100KW
Max.apparent power 110KVA

Power factor range

0.8Leading — 0.8 lagging

Safety level Class |
Ingress Protection IP 66
Operation Ambient 30C - +60°C
Temperature

Software version V1.1

Model

iMars XG110KTR iMars XG110KTR-F

Max.PV voltage

1100Vvdc

MPPT voltage range

180V - 1000Vdc

Max.input current

26A*10 30A*10

PV Isc

40A*10

Nominal output voltage

3/N/PE, 230/400Vac

Nominal output

Frequency 50Hz

Max.output current 174.6A
Rated output power 110KW
Max.apparent power 121KVA

Power factor range

0.8Leading — 0.8 lagging

Safety level Class |
Ingress Protection IP 66
Operation Ambient -30°C - +60°C
Temperature

Software version V1.1
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Summary of testing:

Tests performed (name of test and test clause):

(xgggigi) Test Description
5.4.4.1 (5.2.2) | Rapid voltage changes
5.4.4.2 (5.2.3) | Flicker
5.4.4.3 (5.2.4) | Harmonics and inter-harmonics
5.4.4.8 (5.2.6) | DC current feeding to network
5.6 (5.3) Asymmetry c_alculation for
three-phase inverter
5.7.2.2.2 Measurement of active- and
(5.4.2) reactive power ranges
5.7.2.3 Reactive power provision below
(5.4.8.1) PEmax
57.24
(5.4.8.2, Method of reactive power
5483 & provision

5.4.8.4)

5.7.3 (5.8) Dynamic Network support

5.7.4.2 .

(5.4.3) Network security management
5;%3(55 'g'4 Active power adjustment when
5.4.6 &'5_4_7) over- and under frequency

8.3 (5.6) Connectiqn qonditions and
synchronisation
Remark:

Other than special notice, the model iMars
XG110KTR is type tested.

For clause 5.7.2.2.2 and 5.4.4.3, all models are
tested to check with the specification within 2%.

For clause 5.4.4.2 and 5.4.4.8, models iMars
XG100KTR and iMars XG110KTR are tested to
ensure all the series models are complied.

Testing location:

Intertek Testing Services Shenzhen Ltd. Guangzhou
Branch

Room 02, &101/E201/E301/E401/E501/E601/E701
/E801 of Room 01 1-8/F., No. 7-2. Caipin Road,
Science City, GETDD, Guangzhou, Guangdong,
China

TRF No. VDE-AR-N 4105d
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Copy of marking plate

Grid-tied
Solar Inverter

invt

Grid-tied
Solar Inverter

invt

Grid-tied
Solar Inverter

invt

Grid-tied
Solar Inverter

invt

iMars XG100KTR iMars XG100KTR-F iMars XG110KTR iMars XG110KTR-F
DC Input DC Input DC Input DC Input
Vmax. PV 1100V Vmax. PV 1100V Vmax. PV 1100V Vmax. PV 1100V
MPPT Range 180V-1000V MPPT Range 180V-1000V MPPT Range 180V-1000v MPPT Range 180V-1000V
Max. Current 26AX9 Max. Current 30AX9 Max. Current 26AX10 Max. Current 30AX10
Isc PV 40AX9 Isc PV A0AX9 Isc PV 40AX10 Isc PV 40AX10
AC Output AC Output AC Qutput AC Output
Nominal Voltage 3/N/PE,230/400V Nominal Voltage 3/N/PE,230/400V Nominal Voltage 3/N/PE,230/400V Neminal Voltage 3/N/PE,230/400V
Max. Current 158.8A Max. Current 158.8A Max. Current 174.6A Max. Current 174.6A
Rated Power 100000W Rated Power 100000W Rated Power 110000W Rated Power 110000W
Max. Output Power 110000VA Max. Output Power 110000VA Max. Output Power 121000VA Max. Output Power 121000VA
Frequency 50Hz/60Hz Frequency 50Hz/60Hz Frequency 50Hz/60Hz Frequency 50Hz/60Hz
Power factor range 0.80un --0.80ov Power factor range 0.80un -0.800v Power factor range 0.80un - 0.800v Power factor range 0.80un ~0.80ov
Environment Environment Environment Environment
Temperature -30°C ~ +60°C Temperature 30°C ~ +60°C Temperature -30°C ~ +60°C Temperature -30°C ~ +60°C
Protective Class 1 Protective Class ! Protective Class ! Protective Class I
Inverter topology Non-isolated Inverter topology Non-isolated Inverter topology Non-isolated Inverter topology Non-isolated
Ingress protection P66 Ingress protection P66 Ingress protection P66 Ingress protection P66
C€X 2 CER 5 %
(G ce
— = — -— —
Made in China Made in China MadeinChina || ;Vlade.lr;(;ﬂn.a

INVT Solar Technology (Shenzhen) Co.,Ltd.
.

INVT Solar Technology (Shenzhen) Co.,Ltd.

INVT Solar Technology (Shenzhen) Co., Ltd.

INVT Solar Technology (Shenzhen) Co,,Ltd.
.

Note:

1. The above markings are the minimum requirements required by the safety standard. For the
final production samples, the additional markings which do not give rise to misunderstanding

may be added.

2. Label is attached on the side surface of enclosure and visible after installation.
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Test item particulars.........cccvvverinin e
Temperature range ..........cccecevvevevereseesceessenssienennnens. =30°C - 60°C
AC Overvoltage category..........c.cccecevssssssseees. L] OVC 1 [JOVC I [KIOVCII []JOVCIV
DC Overvoltage Category .............ccoceeveevvveevveeneeeeees. L JOVC I XJOVC Il [JOVCII  [JOVCIV
IP Protection Class .......cccccvevveeiiersiee e see e
Possible test case verdicts:
- test case does not apply to the test object................. : N/A (Not applicable)
- test object does meet the requirement ..................... . P (Pass)
- test object does not meet the requirement................. . F(Fail)
BIL=E] €1 o PSR :
Date of receipt of test item.........ccccceeevcvvevvcee i . 12 Sep 2022
Date (s) of performance of tests.........cccccevvceeeviiiienenns . 12 Sep 2022- 23 Dec 2022

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

When determining for test conclusion, measurement uncertainty of tests has been considered.

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement
between Intertek and its Client. Intertek's responsibility and liability are limited to the terms and
conditions of the agreement. Intertek assumes no liability to any party, other than to the Client in
accordance with the agreement, for any loss, expense or damage occasioned by the use of this report.
Only the Client is authorized to permit copying or distribution of this report and then only in its
entirety. Any use of the Intertek name or one of its marks for the sale or advertisement of the tested
material, product or service must first be approved in writing by Intertek. The observations and test
results in this report are relevant only to the sample tested. This report by itself does not imply that the
material, product, or service is or has ever been under an Intertek certification program.

The test report only allows to be revised only within the report defined retention period unless
standard or regulation was withdrawn or invalid.

Throughout this report a point is used as the decimal separator.

TRF No. VDE-AR-N 4105d
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General product information:

The control system is divided into DC and AC control. AC-DSP and CPLD on the AC side mainly
monitors the voltage, current, frequency and GFCI on the grid side, and participates in the inverter
control.

The DC-DSP monitors the voltage, current, and ISO on the PV input side, and participates in the
BOOS booster circuit and maximum power MPPT point tracking.

There is an internal communication circuit between the two DSP to coordinate with each other to
complete the software function of the whole machine.

The ARM monitoring board does not participate in the control of the whole system. It communicates
with the DC-SPS to collect the data of the whole system.

The relays (K3, K4, K5, K6) are designed on redundant structure where K4, K6 are controlled by DC-
DSP and K5, K6 are controlled by AC-DSP.

The AC-DSP and DC-DSP are used together to control relay open or close, if the single fault on one
controller, the other controller can be capable of opening the relay, so that still providing safety
means.
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. Ipv — ) —e
PV2 . I/P filter 1| BOOST2
Sampling
g ‘ e~ —
| ; ! — | A
Ipv — | AC sampling | ] 1 B
73 i / c| ST3 ; | . ! et
PV Sampling UPfilter | | BOOST DC/AC | filter : e AcEMI p
e o— N
! N ‘--------} ----- - - I duiuiuduintuinintubulninisininiat
! ! | PWM | ‘
' [ | [ !
' [ [ L !
. ) . 1
H H H r | SO | ‘ Vbus PWM | ‘ Vinv | ‘ Tac ‘ | GFCI | i | Vac ‘
' 7~ T H
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Model difference:
All models are identical, except the output power derating in software.

The product was tested on:

The Software version: V1.1

Factory information:

Shenzhen INVT Electric Co., Ltd. (Baoan Factory)

4" to 1% floors of Emerson Industrial Park, No. 3, Fengtang Avenue, Tangwei Community, Fuhai Street,
Baoan District, Shenzhen, CHINA.

TRF No. VDE-AR-N 4105d
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VDE-AR-N 4105:2018-11
Clause |[Requirement - Test Result - Remark Verdict
4 General framework conditions N/A
4.1 Provisions and regulations This report is only evaluated N/A

and tested for PGU; The PGS
incorporated with the PGU
shall further consider this
clause and sub-clause.

4.2 Application procedure and relevant document for | Shall consider in final PGS N/A
connection
4.3 Commissioning of the power generation system Shall consider in final PGS N/A

and/or the storage unit

5 Network connection P

51 Principles for determination of the network Shall consider in final PGS N/A
connection point

Power generation systems and storage units shall be
connected at a suitable point of the network, i. e. the
network connection point. Based on the documents
listed in 4.2, the network operator determines the
suitable

network connection point which will ensure safe
network operation while also taking into account the
power

generation system and the storage unit and at which
the requested power can be drawn and transmitted.
The essential aspect for a network connection
evaluation is always the behaviour of the power
generation system and the storage unit at the
network connection point or at the PCC. This is
intended to ensure that the power generation system
or storage unit is operated without adverse
interactions and impairment of the supply of other
customers. Annex D shows an example of the
connection evaluation of power generation systems..

5.2 Rating of the network equipment Shall consider in final PGS N/A

Due to their operating mode, power generation
systems and storage units may cause higher loading
of lines, transformers and other network equipment.
Therefore, the network operator verifies the
transmission capacity of the network equipment with
regard to the connected power generation systems
and storage units in accordance with the relevant
rating regulations.

For calculation purposes, the maximum apparent
power of the sum of all power generation systems
and

storage units 2 SAmax and usually the load factor m =
1 shall be used. This does not apply to buried cables
for the connection of photovoltaic systems where a
load factor m = 0,7 shall be used.

TRF No. VDE-AR-N 4105d
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Clause

Requirement - Test

Result - Remark

Verdict

53

Permissible voltage change

For undisturbed operation of the network, the amount
of the voltage change caused by all power generation
systems with a network connection point in a low-
voltage network shall at none of the PCCs in this
network may a value of 3 % as compared with the
voltage without power generation systems.
Deviations from the value of Aua< 3 % are permissible
as specified by the network operator (e. g. when
using a controllable local network transformer).

When calculating the voltage change, the
displacement factor shall be taken into account which
is provided

by the network operator for the maximum apparent
connection power of the power generation system
SAmax.

Shall consider in final PGS

N/A

54

Network interactions

For power generation systems and storage units, the
permissible limits for network interactions are also
described in VDE-AR-N 4100, 5.4. For the
connection evaluation of power generation systems
and storage

units, the connection owner provides the completed
forms E.2 to E.5 to the network operator.

The related clause 5.2.2 to
5.2.4 have been tested and
verified in accordance with
VDE-1R-N 4100,5.4,E5is
provided separately.

55

Connection criteria

551

General

When connecting a power generation system or a
storage unit, the technical connection conditions of
the network operator shall be observed.

Shall be considered full feed-in
that in accordance with VDE-
AR-N 4100 in the power
system

TRF No. VDE-AR-N 4105d
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VDE-AR-N 4105:2018-11
Clause |[Requirement - Test Result - Remark Verdict
55.2 PAv, Emonitoring (feed-in limitation) N/A

PAv, E monitoring allows a connection power PAv, E
deviating from the installed power to be agreed with
the

network operator and to be set.

The feed-in limit described in this sub-clause shall be
measured at the central meter panel in accordance
with VDE-AR-N 4100, 7.2.

PAv, E monitoring can be an independent equipment
mounted at the central meter panel in accordance
with

VDE-AR-N 4100 or in a suitable circuit distributor or
may also be part of a power generation unit or a
storage unit or a charging unit for electric vehicles.
When PAv, E is exceeded, the power of the power
generation system and/or the storage unit causing
the event shall be reduced. PAv, E monitoring is to be
used for monitoring the agreed active connection
power PAv, E of power generation systems and/or
storage units if thefeed-in power at the network
connection point PAv, E agreed with the network
operator is smaller than the sum of the installed
maximum active connection power of all power
generation systems and/or storage units

at that network connection point.

553 Power generation systems ready for connection N/A

In addition to the requirements specified in this VDE
application guide, DIN VDE V 0100-551-1

(VDE V 0100-551-1) applies to power generation
systems ready for connection.

Provided a connection-ready power generation
system is connected via an existing specific energy
socket

(e. g. complying with VDE V 0628-1 (VDE V 0628-1))
and a bidirectional meter is mounted at the central
meter panel, the signature and the details of the
system installer on the commissioning protocol E.8
may be omitted. A site map is not required in this
case. This only applies up to a value Samax < 600 VA
per network user installation..

5.6 Three-phase inverter systems The unit is a three-phase P
inverter that feed into three

For three-phase power generation systems feeding current balanced

into the network via inverters, the power feed-in into
the

three line conductors shall be three-phase balanced.
The inverter circuit shall preferably be set up as a
three phase current unit. The positive sequence
system of the terminal voltages, even if they are
unbalanced, is to

be used as the reference quantity for the currents.

5.7 Behaviour of the power generation system at the network P

TRF No. VDE-AR-N 4105d
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Clause

Requirement - Test

Result - Remark Verdict

57.1

General (See appended table) P

For frequencies between 47,5 Hz and 51,5 Hz, Manufacture declaration

automatic disconnection from the network due to a

frequency deviation is not permitted. The actual ROCOF (2.0Hz/s) without
operating principle and the associated exceptions are | disconnection.

detailed in 5.7.4.3. Frequency-dependent active
power control is implemented in the open-loop control
of the power generation units..

In the frequency range of 47,5 Hz to 51,5 Hz, power
generation systems shall be capable of network
parallel

operation in compliance with the time-related
minimum requirements given in Table 1.

Power generation units shall be able to ride through
rapid frequency changes without disconnection from
the network. This requirement applies provided the
following averaged rates of change of frequency
(RoCoF) are not exceeded:

—+ 2,0 Hz/s for a moving time slot of 0,5 s; or

—+ 1,5 Hz/s for a moving time slot of 1 s; or

—+ 1,25 Hz/s for a moving time slot of 2 s.

In case of rapid frequency changes, frequency
measurements shall not take more than 200 ms. The
minimum accuracy of frequency measurements is +
50 mHz.

57.2

Steady-state voltage stability/reactive power supply

TRF No. VDE-AR-N 4105d
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Clause |[Requirement - Test Result - Remark Verdict
57.2.1 General boundary conditions P

Steady-state voltage stability means the reactive
power supply provided by a power generation system
and/or

a storage unit when energy is supplied for the
purpose of voltage stability in the distribution network.
The

steady-state voltage stability is intended to keep slow
(steady-state) voltage changes in the distribution
network within acceptable limits.

In case of three-phase feed-in, the reactive power
supply associated with all three methods described in
5.7.2.4 @) to c) refers to the positive sequence
system components of the current and voltage
fundamental

component. In a passive sign convention system (see
A.8), this means the operation of the power
generation

system in Quadrant Il (under-excited) or Quadrant IlI
(over-excited).

If a storage unit consumes energy from the network,
the reactive power exchange at the network
connection

point shall comply with the contractual agreements
regarding the network connection for customer
installations for consumption (see VDE-AR-N 4100).
It shall be possible to approach each set-point
resulting from the applied control method according
to the

required reactive power range given in 5.7.2.2 and to
operate the power generation unit therein for any
duration. Changes of the reactive power supply within
the agreed reactive power range shall be possible at
any time.

Upon agreement with the network operator, the
reactive power control range may be extended..

57.2.2 Reactive power supply at ZSemax

5.7.2.2.1 |General P

It is permissible in certain cases described in
5.7.2.2.2 and 5.7.3 to reduce the active power supply
to the benefit of the reactive power supply. This is not
considered a reduction of the active power supply in
thecontext of network security management.

Power generation systems shall comply with the
reactive power supply irrespective of the number of
feed-inphases under normal operating conditions in
the voltage tolerance band Un + 10 %.

5.7.2.2.2 |Type 2 systems —inverters only P

At the generator terminals, each power generation
unit to be connected shall meet the requirements

according to Figure 2 and Figure 3.

TRF No. VDE-AR-N 4105d
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Clause

Requirement - Test

Result - Remark

Verdict

5.7.2.2.3

Type 2 systems — Asynchronous generators
(directly connected to the network and

principally not able to control any reactive power)

For power generation units with generators that are
directly connected to the network and principally not
able to control any reactive power and therefore use
constant capacities, a constant displacement factor
cos ¢ = 0,95under-excited with an accuracy of + 0,02 at
nominal voltage and rated power shall be observed.

Inverter

N/A

57224

Type 1 systems and type 2 systems — stirling
generators and fuel cells

For power generation systems with a rated apparent
power of Z<SEmax < 4,6 kVA , the network operator
does not give any specifications. The value of cos ¢
lies within a range of cos ¢ = 0,95under-excited to
0,950ver-excited.

At its generator terminals, each power generation unit
to be connected in systems 2SEmax > 4,6 kVA shall

meet the requirements according to Figure 4.

N/A

57.2.3

Reactive power supply smaller than PEmax

In addition to the requirements for reactive power
supply at the operating point PEmax of the power
generation unit (Pmom = PEmax), requirements also
apply to operation with an instantaneous active
power Pmom smaller than PEmax.

The minimum requirement for the reactive power
supply in partial load operating mode at the generator

terminals is indicated as a red triangle on the P/Q
diagram.

Within the ranges given in Figure 5 or Figure 6, the
maximum residual deviation between the set-point
and the actual value of the reactive power at the
generator terminals shall not exceed + 4,0 % in
relation to PEmax.

Within the range of 0 < Pmom/PEmax < 0,2 (or 0,1,
respectively), the power generation unit shall not
exceed the reactive power value at the generator
terminals of 10 % of the active power value PEmax
(reactive power supply and consumption
respectively). Where a minimum technical power for
a power generation unit has been agreed, the same
conditions apply as for the range 0 < Pmom/PEmax <
0,2 (or 0,1, respectively) between 0 and the minimum
technical power.

(See appended table)

TRF No. VDE-AR-N 4105d
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Clause |[Requirement - Test Result - Remark Verdict
5.7.2.4 |Methods for reactive power supply Method a, b and c are used P

for reactive power supply

PGU Semax24.6 kVA
characteristic curve provided

The reactive power supply for steady-state voltage
stability shall not impair the dynamic network stability.

The reactive power to be provided by the power by the network operator within
generation system is limited to the range given in cos@= 0.90under-excited to
Figure 5 or Figure 6, respectively. 0.90 over-excited.

In the context of network connection planning, the
network operator prescribes to the connection owner
one of the following methods for reactive power
supply at the generator terminals of the power
generation unit:

a) reactive power voltage characteristic curve Q(U);
or

b) displacement factor/active power characteristic
curve cos ¢ (P); or

c) fixed displacement factor cos ¢.

The Q(V) rule applies only to three-phase power
generation units connected to the three-phase
current

system. Here, too, the reactive power requirements
are implemented at the generator terminals of the
power

generation units.

Re: a) reactive power voltage characteristic curve |(See appended table) p
Q(V)

The objective of this method is the reactive power
exchange between power generation unit and
network

depending on the actual voltage at the generator
terminals of the power generation unit (Q= f (U)).
The reference voltage UQois 400 V / 3.

The arithmetic mean of the r.m.s. values (optionally
of the positive sequence system) of the three
measured

line-to-neutral voltages at the generator terminals of
the power generation unit is the target value for the
reactive power to be fed in on all line conductors.
Voltage measurement shall not exceed a maximum

measurement error of 1 % in relation to the nominal
value.

Re: b) Displacement factor/active power (See appended table) p
characteristic curve cos ¢ (P)

The objective of this method is the reactive power
supply by the power generation unit depending on
the

actual active power output (Q = f (Pmom)).

TRF No. VDE-AR-N 4105d
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Clause |Requirement - Test Result - Remark Verdict
Re: ¢) Displacement factor cos ¢ (See appended table) p

The objective of displacement factor control is the
power feed-in by the power generation unit at a
constant

active power/apparent power ratio (cos ¢ = const).
Thereby, the use of the reactive power control range
given

in Figure 5 and Figure 6 is restricted.

For this purpose, the target value is defined with a
minimum increment of A cos ¢ = 0,01. The maximum
permissible error tolerance of the reactive power
feed-in is calculated using the error tolerance given in
5.7.2.3 of £ 4 % in relation to PEmax.

The network operator predefines a displacement
factor set-point.

57.25 Requirements for reactive power methods of type p
2 systems (inverters only) and type 1 systems

In the delivery state, none of the three reactive power
methods specified in 5.7.2.4 is set as default. During
the commissioning of power generation units, the
method specified by the network operator shall be set
by the system installer. Without the setting of the
method specified by the network operator, power
generation units shall not feed in any power.

The control behaviour of the reactive power (methods p
a), b) and c)) with respect to set-point offsets
corresponds to the PT-1 behaviour shown in Figure
10. Method a) deals with a closed control circuit
under

consideration of the network impedance. Each
reactive power value resulting from the control
behavior predefined by the network operator shall be
adjustable within a range of 6 s to 60 s (from 10 s to
60 s for type 1) when being provided by the power
generation unit. The time specified by the network
operator corresponds to 3 Tau of a PT-1 behaviour or
to the time until reaching 95 % of the set-point. If no
actual value is predefined by the network operator for
this purpose, the applicable value is 10 s for 3 Tau or
95 % of the set-point, respectively. The envelop delay
time includes the determination of the network
voltage or the active and reactive powers.

5726 |Special aspects regarding the extension of power p
generation systems

The requirements specified in 5.7.2.4 shall also be
met by the newly added power generation units at
their generator terminals.

The reactive power supply by the added power
generation units in accordance with 5.7.2.2 shall be
determined based on the sum of the rated apparent
powers of the existing power generation system and
the newly added power generation units.
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5.7.3

Dynamic network stability

5731

General

(See appended table)

5732

Dynamic network stability for type 1 units

Transient stability — Reaction to network faults

Regarding the power generation unit remaining
connected to the network, the following applies to
type 1 units:

Throughout the operating range of the power
generation unit, voltage drops caused by single-
phase, two phase or three-phase network faults and
the subsequent voltage transient phenomena shall
not cause the power generation unit to become
unstable or to disconnect from the network if the
voltage assumes values within the limit curves shown
in Figure 11 (red for the under-voltage limit curve,
blue for the over-voltage limit curve).

N/A

5733

Dynamic network stability for type 2 units and
storage units

The following conditions apply to all type 2 power
generation units and storage units:

As long as the line-neutral-voltages at the generator
terminals of the power generation unit or storage unit
do not exceed the limit curves shown in Figure 12
(red for the under-voltage limit curve, blue for the
over-voltage limit curve), both the power generation
unit and the storage unit shall neither become
unstable nor disconnect from the network throughout
the operating range.

For evaluating the curves, the smallest respective
value of the line-neutral-voltages at the power
generation unit or the storage unit shall be used in
case of a voltage drop, and the highest respective
value of the line-neutral- voltages at the power
generation unit or the storage unit shall be used in
case of a voltage rise.

As far as the set values for the NS protection given in
Table 2 (column “Inverter(s)”) anticipate the
requirements given in Figure 12 in certain working
points, merely the checking of the set values for NS

protection is required for the verification procedure.

If the voltage at the generator terminals falls below <
0,8 Un or exceeds > 1,15 Un (onset of fault), type 2
power generation units and storage units shall ride
through voltage drops without feeding current into the
network of the network operator (limited dynamic
network stability).
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This requirement is deemed to be met, if the current p

fed in by the power generation unit(s) and/or the
storage unit in any line conductor does not exceed
20 % of the rated current Ir within 60 ms and 10 % of
Ir within 100 ms upon a voltage drop below 0,8 Un or
a voltage rise above 1,15 Un.

Behaviour after the end of a fault P

If, after the end of a fault, the network voltage
resumes a value within the voltage band from —15 %
Un to +10 % Un and the active current of the power
generation unit and/or the storage unit has been
reduced during the network fault, it shall, immediately
after the end of the fault, be increased to its pre-fault
value as quickly as possible. The transient period
shall not exceed a maximum of 1 s. The reactive
power supply follows 5.7.2.5 in its time-related
behaviour. In case of rotating machinery, the
transient period shall not exceed a maximum of 6 s.
At voltages of 1,15 Un, the power generation units
and storage units shall not disconnect from the
network for a period of up to 60 s after the onset of
the fault. If the tripping of the self-protection of the
power generation units and/or the storage unit is
imminent, these units can adjust their reactive power
behaviour such as to prevent self-protection tripping.

5.7.4 Active power output
57.4.1 |General _ . . The active power can be P
In cases where set-points are specified by a third remote-controlled on the

party (e. g. direct marketing) and of network security | communication interface
management in accordance with 5.7.4.2, the new set-
point shall be approached with the customer
installation’s power gradients listed below in relation
to the network connection point. Implementation of
those power gradients directly at the power
generation units or storage units is sufficient for
meeting the requirement.

The following power gradients shall be observed for
increasing/reducing the active power output of power
generation systems (minimum technical power or 5 %
PAmax < 100 % PAmax) as well as the energy
supply

and consumption by storage units (5 % PAmax <
100 % PAmax):

— at a maximum rate of 0,66 % PAmax per s;

— at a minimum rate of 0,33 % PAmax per s. Power
generation systems may react more slowly in case of
set-points specified by third parties and of power
increases. For this purpose, a minimum rate of

4 % PAmax per minute should be observed.
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Other technically induced power gradients (e. g. for
hydro power generation systems with level control
depending on network demands) are permissible
upon approval by the network operator.

The power increase or reduction of the customer
installation shall be realised in a uniform process, i. €.
with a behaviour as linear as possible. The
specification of set-points by third parties shall be
realised on the level of the individual customer
installation or by the sum of all systems accessed by
a third party (e. g. by uniform distribution of the active
powers to be connected or disconnected over a total
period of = 2,5 min).

N/A

The power generation system or storage unit shall be
provided with a logical interface (inlet port) which,
irrespective of the power gradients listed above,
allows to terminate the active power output within 5 s
upon reception of a corresponding signal from the
network operator. Additionally, the interface may be
used for network security management.

57.4.2

Network security management
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5.7.4.2.1 |Types of power generation systems and storage |The active power can be P
units remote-controlled on the

If not specified otherwise by legislation, the communication interface

requirements described below apply.

Photovoltaic systems

PV systems shall contribute to the avoidance of
network overload. For this purpose, PV system power
is divided into three power groups:

— For PV systems up to and including 30 kWp, the
system operator may chose between two options:

a) by means of a corresponding inverter design or a
certified technical control, the active power feed-in

of the PV system shall be permanently limited to a
maximum value of 70 % of the installed module
power at the network connection point with the power
gradients given in 5.7.4.1; or

b) the PV system shall be provided with a technical
means for remote-controlled reduction of the feedin
power by the network operator.

— PV systems > 30 kWp up to and including 100 kWp
shall be provided with a technical means enabling
the remote-controlled reduction of the feed-in power
by the network operator.

— PV systems > 100 kWp shall be provided with a
technical means enabling the remote-controlled
reduction of the feed-in power by the network
operator and for the provision of the actual feed-in
power.

If the installed total power increases to > 100 kWp
due to the installation of a further PV system on the
same

plot or building within a period of 12 months, legal
provisions require implementation of the feed-in

management for systems > 100 kWp while providing
the actual feed-in power for the total power..

Cogeneration of power and heat (CHP) systems, N/A
wind, biogas, hydroelectric power as well as
landfill and sewage gas systems

Those PV systems with PAmax > 100 kW shall be
provided with a technical means enabling the remote-
controlled reduction of the feed-in power by the
network operator and for the provision of the actual
feed-in power.
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Storage units buffering EEG or KWKG systems
Those storage units with PAmax > 100 kW shall be
provided with a technical means enabling the remote
controlled reduction of the feed-in power by the
network operator and for the provision of the actual
feed-in power.

These requirements do not apply if the feeding into
the network of the network operator by a storage unit
is prevented by technical control means. This shall be
demonstrated by means of a manufacturer’s
declaration.

N/A

Any EEG and KWKG systems with an intelligent
measurement system

If an intelligent measurement system is present, the
network operator may demand the metering point
operator to transmit network state data (i. e. also the
actual feed-in power).

N/A

Any power generation systems and storage units
other than those indicated above

All power generation systems and storage units shall
be provided with technical means enabling the
remote-controlled reduction of the feed-in power by
the network operator and for the provision of the
actual feed-in power.

57422

Implementation of network security management
Power generation systems and storage units shall be
able to reduce their active power to a power value
predetermined by the network operator at the
network connection point without disconnecting from
the

network. The following values have proved effective:
100 %/60 %/30 %/0 % in relation to the installed
active feed-in power PAmax. Instead of reducing the
generated active power, the consumed power of the
customer installation can be increased, too. The sum
of the reduced generated active power and/or the
increased consumed active power at the network
connection point shall not deviate by more than + 5 %
from the setpoint of active power limitation. Power
reduction shall be possible for any operating state
and from any operating point. In case of a redispatch,
the power generation systems shall be technically
capable of increasing the power to a maximum of
PAmax upon the network operator’s request.

(See appended table)
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5.7.4.2.3 |Active power adjustment at over-frequency and (See appended table) P

under-frequency .
. The starting frequency can be
A network frequency outside the tolerance band of + | get from 50.2 to 50.5Hz,

200 mHz around the nominal network frequency of )
50,0 Hz indicates the presence of a critical system  |And, power gradient 2%-12%

state in the integrated network where any power adjustable
generation units and storage units shall contribute to | pefault 50.2 and power
the network frequency support. gradient 5% setting.

The accuracy of the frequency measurement in the
steady state shall be <+ 10 mHz.

The requirements given in 5.7.4.3 do not apply to
storage units in standby mode. Additionally, DC
coupled storage units shall behave as type 2 units.
In case of over-frequency, an excess of generated
power is opposed by a deficit of consumed power.
Therefore, all power generation units and storage
units shall be able to adjust the active power working
point at an over-frequency up to a maximum of 51,5
Hz (see Figure 14 and Figure 15).

Power generation units shall enable the frequency for
starting this frequency-dependent active power feed-
in to be set to a value between 50,2 Hz and 50,5 Hz.
Unless specified otherwise by the network operator,
this start frequency shall be set to 50,2 Hz. The static
value of the frequency-dependent active power feed-
in shall be adjustable within a range of 2 % to 12 %.
This corresponds to a power gradient within

a range of 16,67 % of Pref per Hertz (s = 12 %) to
100 % of Pref per Hertz (s = 2 %). Unless specified
otherwise by the network operator, a gradient of 40 %
of Pref per Hertz (s = 5 %) shall be set (see Figure
14).

For storage units, the generated active power with a
gradient of 40 % of PEmax per Hertz (s = 5 %) shall
be

reduced or increased (see Figure 15).

Consequently, the power generation unit or the
storage unit will constantly move up and down along
the frequency characteristic within the frequency
range of 50,2 Hz (unless specified otherwise for
power generation units by the network operator) to
51,5 Hz with regard to its maximum possible active
power feed-in (“operation along the characteristic”).
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At frequencies below 49,8 Hz, all power generation | py |nverter, a gradient of p
units shall increase the instantaneous generated 40 % PEmax per Hertz (s =

active power Pmom with a gradient of 40 % PEmax |5 o) applies
per Hertz (s = 5 %) to its technically possible
maximum value. For storage units, a gradient of (See appended table)
100 % PEmax per Hertz (s = 2 %) applies. The
maximum value is determined by the actual primary
energy supply as well as the actually usable storage
power. Power reductions for the protection of
operating equipment are permitted even at under-
frequency. For CHP systems, power reductions
resulting from a heat-lead operating mode or a power
drop due to the rotational speed are also permitted.
Storage units dedicated to other purposes (e. g. gas
storage units in biogas systems, DC buffer storage
elements for self-consumption etc.) should be
activated for this purpose. System-integrated storage
units with an energy level below Pn x 30 s (e. g.
smoothing chokes, indirect capacitors etc.) may be
neglected for this application.

Consequently, power generation units and storage
units will constantly move up and down along the
frequency characteristic also within the frequency
range of 49,8 Hz to 47,5 Hz or 47,8 Hz with regard to
their maximum possible active power feed-in
(“operation along the characteristic”).

At an under-frequency within the range of 49,8 Hz to
47,5 Hz, all storage units in charging mode shall
reduce their instantaneous charging power according
to the characteristic curve shown in Figure 15 to its
technically possible minimum value (“operation along
the characteristic”). In addition, storage units, as far
as their charging state permits, shall change into the
operating mode “energy supply” and increase their
power according to the characteristic curve shown in
Figure 15. In this case, system stability is of higher
priority than a potential restraint for feeding storage
energy into the network of the network operator
based on technical/financial requirements.

At network frequencies f < 47,5 Hz, power generation
units and storage units shall disconnect from the

network (see Figure 14 and Figure 15).
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Requirements for the control times for power p

generation units and storage units

The initial time delay TV of the frequency-dependent
adjustment of the active power output at over-
frequency and under-frequency is part of the
transient period and shall preferably be <2 s. In case
of a time delay > 2 s,

the operator of the power generation system shall
justify that delay by submitting technical proof to the
transmission network operator. For type 2 power
generation units and storage units, the necessary
initial time

delays TV for reaching the required transient periods
are significantly shorter than 2 s.

For the time curve of the frequency-dependent active
power adjustment, the following conditions regarding
the initial time delay TV and the transient period
Tan_90 % shall be observed:

— After TV + 0,1 x (Tan_90 % — TV) has elapsed, a
value of at least 9 % of the required power
adjustment AP has been reached.

— After the transient period Tan_90 % has elapsed, a
value of 90 % of the power adjustment AP has been
reached.

During the control process (“operation along the p
characteristic”), the power generation unit and the
storage unit shall respond as quickly as possible to
sudden network frequency changes within a
frequency range of 50,2 Hz to 51,5 Hz (subject to
capability as declared by the manufacturer) with a
transient period of 8 s for AP < 45 % of PEmax and
AP for power changes beyond that in case of type 1
units and type 2 units with rotating machinery and 2 s
in case of all other type 2 power generation units and
1 s in case of storage units.

The settling period shall not exceed 30 s for type 1
units and type 2 units with rotating machinery or 20 s
for all other type 2 power generation units and for
storage units.

After settling, the supplied active power should
deviate by < £ 10 % PEmax from the set-point.

The same requirements shall be applied to the active
power increase at an under-frequency between 49,8
Hz and 47,5 Hz.
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Conditional requirements based on technical N/A

restrictions

As an alternative to active power reduction at over-
frequency, non-controllable power generation units
may disconnect from the network within the
frequency range of 50,2 Hz to 51,5 Hz; in that case,
uniform

distribution of the disconnection frequency in
maximum increments of 0,1 Hz shall be ensured for
each system type by the manufacturer.

Power generation units of limited variability, e. g. only
within the range of 70 % to 100 % PEmax, can be
curtailed within that range in accordance with the
characteristic curve. Outside the controllable range,
disconnection is then carried out according to the
uniformly distributed shut-down limit curve.

For power generation units with combustion engines
or gas turbines, active power reduction occurs with a
power gradient of at least 66 % PEmax per minute
(equals 1,11 % PEmax per second). Thus, the
transient period of 8 s can be observed up to a power
reduction of 8,88 % PEmax. In case of a greater
change of frequency, the transient period is
accordingly higher.

Linear generators, such as stirling machines up to a
maximum apparent power of SAmax < 4,6 kVA, are
exempt from the active power feed-in at over/under-
frequency. They may remain connected to the
network within a frequency range between 50,2 Hz
and their maximum upper frequency limit and may
disconnect from

the network if this value is exceeded or, at the latest,
when a frequency of 51,5 Hz is reached or exceeded.
At an under-frequency between 49,8 Hz and their
maximum lower frequency limit, linear generators
should remain connected to the network but shall
disconnect from it at the latest when a frequency of
47,5 Hz is reached or exceeded.
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End of critical network state and return to normal
operation

Even if the network frequency has resumed a value
within the tolerance band of 50,0 Hz + 200 mHz after
a frequency deviation, a critical network state has still
to be assumed initially.

The time for transition from the critical network state
to normal operation is limited by a maximum change
of the active power set-point based on Pmom.

This change of the active power set-point (except for
providing the operating reserve) shall be limited to a
maximum gradient of 10 % of the active power
PEmax per minute (under consideration of 5.7.1).
Only after the network frequency has been within the
tolerance band of 50,0 Hz £ 200 mHz for 10 min
continuously, the normal operation of the network is
deemed to be restored whereupon this requirement
does no longer apply.

57.4.4

Voltage-dependent active power reduction

In order to avoid disconnection of the power
generation system due to over-voltage protection

U >, it is permissible to reduce the active power feed-
in as a function of the voltage of (a) power generation
unit(s).

Implementation is then chosen by the system
manufacturer. This is not considered an active power
reduction in the context of feed-in management in
compliance with EEG.

Surges or oscillations of the active power feed-in are
not permitted for that purpose.

N/A

575

Short-circuit contribution

Due to the operation of a power generation system,
the short-circuit current of the low-voltage network is
increased by the short-circuit current of the power
generation system. Therefore, the short-circuit
current of the power generation system to be
expected at the network connection point shall be
indicated in accordance with 4.2. For the
determination of the initial short-circuit AC current
contribution IkA of a power generation system, the
following roughly estimated values can be assumed:
— for synchronous generators: 8 times the rated
current;

— for asynchronous generators: 6 times the rated
current;

— for generators and storage units with inverters: the
rated current.

If the power generation system causes a short-circuit
current increase in the network operator’'s network in
excess of the rated value, then connection owner and
network operator shall agree upon appropriate
measures limiting the short-circuit current from the
power generation system accordingly.
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Construction of the power generation system/network and system protection (NS
protection)

N/A

6.1

General requirements Shall install outside

The network and system protection (NS protection) is a
type-tested protective device with a NS protection
certificate (see Form E.6) wherein all protective
functions specified in 6.5 are installed. The NS
protection acts on the interface switch in accordance
with 6.4.

Depending on the sum of the maximum apparent
powers of all power generation systems and storage
units connected to the same network connection
pointZSAmax , the following conditions apply to the NS

protection:

N/A

6.2

Central NS protection Shall install outside

The central NS protection shall be accommodated,
installed and connected as an independent equipment
at

the central meter panel in a suitable circuit distributor in
accordance with VDE-AR-N 4100, Clause 8,
Paragraph 1, and not in the upper connection
compartment according to VDE-AR-N 4100, 7.2,
Paragraph 11.

Examples of the arrangement of the central NS
protection and hence the connection of power
generation systems to meter panels are shown in
Annex C.

For central NS protection, it is additionally required to
carry out a trigger test for checking the tripping circuit
“NS protection — interface switch”. For this purpose, the
central NS protection is provided with a means for
tripping the interface switch (e. g. by means of a test
button) for testing purposes. Activation shall be

visualised at the interface switch.

N/A

6.3

Integrated NS protection

In the case of integrated NS protection, the NS
protection can be integrated in the programmable
system control of the power generation units (e. g. in
the inverter control). In this case, the means for testing
the tripping circuit “NS protection — interface switch” by
the system installer is not required.

The integrated NS protection acts on an integrated
interface switch (see 6.4.3).

N/A

6.4

Interface switch

N/A
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6.4.1 General N/A

For the connection of the power generation system to
the network operator’s low-voltage network or to the
remaining customer installation, an interface switch
shall be used. The interface switch is controlled by the
NS protection and automatically triggers if at least one
protective function responds.

As interface switches, the switching devices of the
individual power generation units (integrated interface
switch) can be used.

The integrated interface switches can also be used in
combination with the central NS protection. In any

case, central NS protection from XSAmax>30 kVA
(sum of the maximum apparent powers of all power

generation systems and storage units connected to the
same network connection point; for exceptions, see
6.1) shall be directly connected to the central meter
panel. Where a signal is routed to a spatially separate
switching device, it shall be ensured that the required
disconnection periods given in Table 2 are observed
and lead to the disconnection of the power generation
system. During commissioning of the power generation

system, a tripping test of the interface switch shall be
conducted.

The interface switch shall be designed for the rated
conditional short-circuit current and under
consideration of the protective devices required
according to 6.5 and it shall enable instantaneous
tripping. The switching capacity of the interface switch
shall be rated according to the rated current of the
upstream fuse or the maximum initial short-circuit AC
current contribution of the power generation system,
whichever is the higher.

The functional check of the interface switch shall be
carried out according to a) or b) or c):

a) by using an interface switch which, in its active
state, requires a control voltage to be applied
continuously and which disconnects automatically
when this voltage is no longer applied. The operational
connection and disconnection processes shall be
monitored,;

b) by connection and disconnection of the interface
switch via the NS protection and monitoring its proper
functioning (e. g. break contact of a monitoring contact)
at least once dalily;

¢) by using the integrated interface switch and the
integrated NS protection for PV and battery inverters in
compliance

with DIN EN 62109 (VDE 0126-14).

When a defect of the interface switch is detected, the
power generation system shall neither feed in nor

reconnect.
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6.4.2 Central interface switch N/A

The central interface switch shall be a galvanic break
device (e. g. mechanical contactor, protective motor
switch, mechanical circuit breaker). For a power
generation system required to contribute to the
dynamic network stability, an interface switch enabling
compliance with the requirements specified in 5.7.3 (no
malfunction at under-voltage in the context of the FRT
requirements) shall be used.

The interface switch shall be installed in the distribution
field of or directly at the central meter panel in a

circuit distributor. Examples of the arrangement of
interface switches and hence the connection of power
generation systems to meter panels are shown in
Annex C.

6.4.3 Integrated interface switch N/A

For the construction of the interface switch, the
requirements specified in 6.1 shall be considered.
The interface switch (e. g. power relay, mechanical
contactor, mechanical circuit-breaker, etc.) ensures

galvanic breaking.

For power generation systems with inverters, the
interface switch shall be provided on the inverter’s
network side.

6.5 Protective devices and protection settings N/A

6.5.1 General N/A

The purpose of NS protection is to disconnect the
power generation system from the network in the event
of inadmissible voltage and frequency values (also
refer to DIN VDE 0100-551 (VDE 0100-551)). This is
meant to prevent inadvertent feed-in from the power
generation system into a partial network separated
from the main distribution network.

6.5.2 Protective functions N/A

The NS protection shall be provided with a means for
preventing unauthorised access (z. B. sealable,
password protection). The rise-in-voltage protection

U > shall be designed such as to be adjustable in the
NS protection (see Table 2, Footnote b). Additionally,
the time delay of the voltage drop protection U < and U
<< for directly coupled synchronous and asynchronous
generators with Pn > 50 kW shall also be designed
such as to be adjustable in the NS protection (see
Table 2, Footnote d). Any other protective functions
listed in 6.5.1 are either to be installed permanently, i.
e. not adjustable, in the NS protection or to be
provided with an additional separate protection against
unauthorised access (e. g. password protection) for
preventing modifications.
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6.5.3

Islanding detection

N/A

6.6

Further requirements for power generation systems

Shall be considered in PGS

N/A

Metering for billing purposes

N/A

Operation of the system

P

8.1

General

P

8.2

Special aspects of the management of the network
operator’s network

N/A

8.3

Connection conditions and synchronisation

8.3.1

General

Power generation systems and storage units shall be
connected to the network operator’s network only if a
suitable device determines that both the mains voltage
and the mains frequency are within the tolerance
range of 85 % Un to 110 % Un or 47,5 Hz to 50,1 Hz,
respectively, for a period of at least 60 seconds.
Additionally, the delay times for the reconnection of a
generator and the staggered times applicable when
connecting several generators shall be sufficient for
safely finishing any control and adjustment processes
within the power generation system and/or the storage
unit caused by the connection.

In case of power generation systems and storage units
being reconnected to the network operator’s network
at the tripping of the NS protective device or the PAV,
E monitoring, the active power of controllable power
generation systems and storage units supplied to the
network operator’s network shall not exceed the
gradient of 10 % of the active power PAmax per
minute. Non-controllable power generation systems
and

storage units can connect after 1 min to 10 min
(random generator) or later.

(See appended table)

8.3.2

Connection of synchronous generators

N/A

8.3.3

Connection of asynchronous generators

N/A

8.34

Connection of power generation units and storage
units with inverters

Power generation units with inverters (such as

photovoltaic systems) and storage units with inverters
shall only be connected with kimax < 1,2.

8.4

Special aspects regarding the planning, installation and operation of power

generation systems and storage units each with PAmax 2 135 kW

N/A

Verification of electrical properties
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Clause |[Requirement - Test Result - Remark Verdict

Annex A: Explanations (informative)

Annex B: Connection examples and measurement strategies (informative)

Annex C: Examples of meter panel configurations (informative)

Annex D: Examples for the connection evaluation of power generation systems -
Connection of a 20 kW PV system (informative)

Annex E: Forms (mandatory) P
E.l Application procedure N/A
E.2 Data sheet for power generation systems N/A
E.3 Data sheet for storage units N/A
E.4 Unit certificate P
E5 Test report “Network interactions” for power generation units with an input current > 75 p

A
E.6 Certificate of the network and system protection N/A
E.7 Requirements for the test report for the NS protection N/A
E.8 Commissioning protocol for power generation systems and/or storage units N/A
E.9 Type approval procedure N/A
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Appended Table - Testing Result

5.2.2 TABLE: Rapid voltage change P

Starting at 10% of rate power

Operating tests

Condition

Frequency Voltage Current Ki
[Hz] [V] [A]
Test 1: cosp=1 50 229.4 7.37 0.056
Test 2: cosp=Max over-excited 50 229.1 8.48 0.053
Test 3: cosgp=Max under-excited 50 229.4 9.34 0.058
Maximum inrush current factor Kimax 0.058

Starting at 100% of rate power

Operating tests

Condition Frequency Voltage Current Ki
[Hz] V] [A]

Test 1: cosp=1 50 229.0 9.54 0.060

Test 2: cosp=Max over-excited 50 228.6 8.04 0.050

Test 3: cosp=Max under-excited 50 228.2 8.65 0.054

Maximum inrush current factor Kimax 0.060

Service disconnection at rated power

Operating tests

Crlien Frequency Voltage Current Ki
[Hz] [V] [A]

Test 1: cosp=1 50 145.9 90.59 0.568

Test 2: cosgp=Max over-excited 50 149.1 92.85 0.582

Test 3: cosgp=Max under-excited 50 135.3 84.27 0.529

Maximum inrush current factor Kimax 0.582

Worst-case over-all switching operations, Kimax 0.582

Note:

1) ki is the ratio of the highest current occurring during a switching operation to the normal generator current,
the current is to be considered as an r.m.s. value over a period.

Switching actions Ki

Marking operation without default (to primary energy carrier) 0.058
Worst case at switch over of generator sections 0.582
Marking operation at reference conditions (of primary energy carrier) 0.060
Breaking operation at nominal power 0.582
Worst case value of all switching operations Ki max 0.582
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523 TABLE: Flicker P
Model: iMars XG100KTR
Grid impedance angle, Ux 30 50 70 85
Power level [%Pn] Flicker coefficient, c(\[k)

0-5 5.26 5.42 4.74 4.94
10 5.42 5.68 5.62 5.70
20 5.58 5.44 5.28 5.06
30 4.96 4.90 5.12 4.34
40 5.08 5.06 4.98 5.26
50 5.60 5.52 5.86 5.16

60 4.26 4.14 3.84 4.82

70 4.48 4.76 4.36 4.58

80 4.38 4.64 4.44 5.26

90 5.32 5.14 5.20 5.62

100 5.54 5.60 5.38 5.48

Max. flicker coefficient, c(\Jk) 5.60 5.68 5.86 5.70
Max. Short-term flicker, Pst 0.280 0.284 0.293 0.285
Max. long-term flicker, Pl 0.272 0.279 0.271 0.281

Reactive power setpoint during testing [Kvar] 0
Ratio Skic/Sn in the fictitious grid used for analysis 20
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523 TABLE: Flicker P
Model: iMars XG110KTR
Grid impedance angle, Ux 30 50 70 85
Power level [%Pn] Flicker coefficient, c(\[k)

0-5 5.22 4.28 6.30 5.56
10 6.16 5.82 6.64 6.34
20 4.46 4.98 5.58 5.06
30 6.74 6.64 6.56 5.62
40 5.48 5.52 7.38 6.54
50 3.86 4.26 5.86 6.82
60 5.96 6.68 6.82 6.74

70 6.64 6.18 6.28 7.22

80 5.60 4.86 7.56 7.42
90 4.18 4.36 7.50 7.84

100 6.02 5.52 7.36 7.10
Max. flicker coefficient, c(\Jk) 6.74 6.68 7.56 7.84
Max. Short-term flicker, Pst 0.337 0.334 0.378 0.392
Max. long-term flicker, Pl 0.274 0.283 0.261 0.286

Reactive power setpoint during testing [Kvar] 0
Ratio Skic/Sn in the fictitious grid used for analysis 20

TRF No. VDE-AR-N 4105d



INntertek

Total Quality. Assured.

Page 33 of 192

Report no. 220602098GZU-001

5.2.4 TABLE: Harmonics and inter-harmonics (according to DIN EN 61000-4-7) P
Model: iMars XG100KTR
Acg‘/’snrf&"]"er 0 10 20 30 40 50 60 70 80 % 100
Harmonic % | el |1l | oIcel | il | Il | il | Il I1%] %] | %]
2 0.0771 | 0.0575 | 0.0305 | 0.1244 | 0.0454 | 0.0354 | 0.0985 | 0.0751 | 0.0756 | 0.0874 | 0.0794
3 0.4797 | 0.6522 | 0.6792 | 0.6172 | 0.6075 | 0.3512 | 0.4066 | 0.4084 | 0.4523 | 0.4741 | 0.4814
4 0.0290 | 0.0474 | 0.0322 | 0.0350 | 0.0484 | 0.1044 | 0.1334 | 0.1521 | 0.1405 | 0.1486 | 0.1961
5 0.3584 | 0.2686 | 0.3256 | 0.3004 | 0.3004 | 0.3525 | 0.3505 | 0.3290 | 0.3044 | 0.3284 | 0.3281
6 0.0307 | 0.0382 | 0.0320 | 0.0322 | 0.0542 | 0.0776 | 0.0603 | 0.0655 | 0.0515 | 0.0534 | 0.0836
7 0.2483 | 0.2257 | 0.2084 | 0.1893 | 0.1174 | 0.2123 | 0.2166 | 0.2132 | 0.2162 | 0.2143 | 0.2042
8 0.0169 | 0.0674 | 0.0483 | 0.0606 | 0.0411 | 0.0321 | 0.0306 | 0.0363 | 0.0376 | 0.0401 | 0.0550
9 0.0884 | 0.3082 | 0.3113 | 0.2855 | 0.3522 | 0.2370 | 0.2293 | 0.2292 | 0.2276 | 0.2182 | 0.2096
10 0.0084 | 0.0335 | 0.0325 | 0.0385 | 0.0855 | 0.0482 | 0.0482 | 0.0566 | 0.0640 | 0.0721 | 0.0831
11 0.0149 | 0.0773 | 0.0473 | 0.3011 | 0.2471 | 0.1505 | 0.3241 | 0.4123 | 0.4414 | 0.4421 | 0.4641
12 0.0077 | 0.0902 | 0.1005 | 0.0955 | 0.0916 | 0.0991 | 0.0986 | 0.0984 | 0.1004 | 0.0970 | 0.0981
13 0.0201 | 0.1976 | 0.3273 | 0.0723 | 0.1476 | 0.0656 | 0.2005 | 0.2835 | 0.3323 | 0.3585 | 0.3844
14 0.0063 | 0.0633 | 0.0385 | 0.0412 | 0.0543 | 0.0326 | 0.0513 | 0.0792 | 0.0833 | 0.0864 | 0.0853
15 0.0184 | 0.1225 | 0.1021 | 0.1015 | 0.2543 | 0.1156 | 0.0766 | 0.0456 | 0.0431 | 0.0432 | 0.0613
16 0.0050 | 0.0562 | 0.0370 | 0.0526 | 0.0546 | 0.0365 | 0.0321 | 0.0453 | 0.0606 | 0.0656 | 0.0691
17 0.0075 | 0.1393 | 0.0621 | 0.3205 | 0.0626 | 0.0532 | 0.1734 | 0.3146 | 0.3775 | 0.3931 | 0.3956
18 0.0043 | 0.0521 | 0.0603 | 0.0630 | 0.0463 | 0.0631 | 0.0516 | 0.0611 | 0.0792 | 0.0834 | 0.0912
19 0.0043 | 0.2184 | 0.2180 | 0.2703 | 0.0995 | 0.0432 | 0.1474 | 0.2294 | 0.2942 | 0.3174 | 0.3321
20 0.0036 | 0.0555 | 0.0801 | 0.0992 | 0.1103 | 0.0694 | 0.0775 | 0.0556 | 0.0541 | 0.0672 | 0.0820
21 0.0105 | 0.2993 | 0.1995 | 0.2962 | 0.1844 | 0.0850 | 0.0973 | 0.1366 | 0.1754 | 0.2072 | 0.2483
22 0.0017 | 0.0932 | 0.0906 | 0.1060 | 0.0904 | 0.0604 | 0.0651 | 0.0585 | 0.0710 | 0.1004 | 0.1320
23 0.0067 | 0.1563 | 0.1783 | 0.2021 | 0.2723 | 0.1421 | 0.1266 | 0.2102 | 0.3594 | 0.4776 | 0.5535
24 0.0020 | 0.0896 | 0.1195 | 0.1391 | 0.1244 | 0.0892 | 0.0844 | 0.0894 | 0.1085 | 0.1170 | 0.1296
25 0.0025 | 0.1675 | 0.3795 | 0.2301 | 0.3852 | 0.1840 | 0.1584 | 0.1801 | 0.2541 | 0.3401 | 0.4186
26 0.0018 | 0.0797 | 0.1006 | 0.1182 | 0.1273 | 0.1231 | 0.1261 | 0.1274 | 0.1345 | 0.1342 | 0.1346
27 0.0035 | 0.1033 | 0.2066 | 0.1834 | 0.2941 | 0.0944 | 0.0970 | 0.1092 | 0.1146 | 0.1425 | 0.1673
28 0.0021 | 0.0618 | 0.0655 | 0.0923 | 0.0893 | 0.0881 | 0.0921 | 0.1351 | 0.1334 | 0.1344 | 0.1271
29 0.0037 | 0.1494 | 0.2452 | 0.1254 | 0.2106 | 0.3630 | 0.2426 | 0.2450 | 0.2901 | 0.3985 | 0.4623
30 0.0008 | 0.0673 | 0.0715 | 0.0834 | 0.0784 | 0.0771 | 0.0926 | 0.1066 | 0.1090 | 0.1393 | 0.1425
31 0.0008 | 0.0792 | 0.0841 | 0.1731 | 0.0992 | 0.2566 | 0.1572 | 0.1633 | 0.2464 | 0.3060 | 0.3571
32 0.0006 | 0.0636 | 0.0631 | 0.0596 | 0.0612 | 0.0611 | 0.0584 | 0.0543 | 0.0726 | 0.0776 | 0.0840
33 0.0015 | 0.1133 | 0.0493 | 0.2193 | 0.0851 | 0.1073 | 0.0623 | 0.0655 | 0.0884 | 0.0986 | 0.1075
34 0.0007 | 0.0362 | 0.0333 | 0.0392 | 0.0420 | 0.0463 | 0.0495 | 0.0504 | 0.0535 | 0.0716 | 0.0756
35 0.0020 | 0.0566 | 0.0390 | 0.1165 | 0.0655 | 0.2433 | 0.1463 | 0.1221 | 0.1821 | 0.1871 | 0.1911
36 0.0005 | 0.0472 | 0.0505 | 0.0445 | 0.0542 | 0.0540 | 0.0492 | 0.0480 | 0.0524 | 0.0616 | 0.0646
37 0.0007 | 0.0553 | 0.0683 | 0.0806 | 0.0653 | 0.1161 | 0.1116 | 0.0565 | 0.0905 | 0.0986 | 0.0976
38 0.0003 | 0.0272 | 0.0276 | 0.0230 | 0.0273 | 0.0280 | 0.0353 | 0.0283 | 0.0301 | 0.0345 | 0.0326
39 0.0005 | 0.0314 | 0.0356 | 0.0244 | 0.0296 | 0.0240 | 0.0321 | 0.0355 | 0.0283 | 0.0361 | 0.0426
40 0.0003 | 0.0214 | 0.0223 | 0.0222 | 0.0296 | 0.0261 | 0.0251 | 0.0281 | 0.0282 | 0.0302 | 0.0251
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5.2.4 | TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG100KTR

Active power P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [Hz] |[%] [[%] [[%] |[%] |[%] [[%] |[%] [[%] |[%] |[%] [[%]

75 0.0845 | 0.0738 | 0.1035 | 0.1022 | 0.1007 | 0.1076 | 0.1044 | 0.1051 | 0.1139 | 0.1082 | 0.0087
125 0.0317 | 0.0268 | 0.0322 | 0.0330 | 0.0348 | 0.0362 | 0.0352 | 0.0355 | 0.0396 | 0.0369 | 0.0071
175 0.0245 | 0.0215 | 0.0270 | 0.0268 | 0.0288 | 0.0303 | 0.0294 | 0.0308 | 0.0329 | 0.0323 | 0.0074
225 0.0238 | 0.0204 | 0.0287 | 0.0277 | 0.0277 | 0.0291 | 0.0291 | 0.0303 | 0.0313 | 0.0318 | 0.0096
275 0.0214 | 0.0303 | 0.0270 | 0.0266 | 0.0277 | 0.0293 | 0.0287 | 0.0299 | 0.0316 | 0.0306 | 0.0160
325 0.0146 | 0.0186 | 0.0238 | 0.0243 | 0.0254 | 0.0265 | 0.0264 | 0.0271 | 0.0288 | 0.0289 | 0.0091
375 0.0121 | 0.0190 | 0.0232 | 0.0242 | 0.0243 | 0.0255 | 0.0260 | 0.0264 | 0.0283 | 0.0288 | 0.0095
425 0.0003 | 0.0207 | 0.0229 | 0.0234 | 0.0235 | 0.0246 | 0.0248 | 0.0258 | 0.0273 | 0.0282 | 0.0085
475 0.0079 | 0.0212 | 0.0232 | 0.0237 | 0.0241 | 0.0252 | 0.0259 | 0.0262 | 0.0282 | 0.0288 | 0.0090
525 0.0088 | 0.0244 | 0.0316 | 0.0299 | 0.0313 | 0.0330 | 0.0340 | 0.0349 | 0.0371 | 0.0376 | 0.0105
575 0.0089 | 0.0291 | 0.0370 | 0.0371 | 0.0358 | 0.0383 | 0.0388 | 0.0410 | 0.0421 | 0.0425 | 0.0151
625 0.0077 | 0.0282 | 0.0339 | 0.0332 | 0.0340 | 0.0356 | 0.0367 | 0.0381 | 0.0398 | 0.0409 | 0.0108
675 0.0058 | 0.0247 | 0.0316 | 0.0306 | 0.0312 | 0.0329 | 0.0344 | 0.0357 | 0.0366 | 0.0374 | 0.0098
725 0.0038 | 0.0214 | 0.0244 | 0.0252 | 0.0255 | 0.0273 | 0.0280 | 0.0298 | 0.0310 | 0.0310 | 0.0086
775 0.0033 | 0.0202 | 0.0249 | 0.0253 | 0.0260 | 0.0271 | 0.0284 | 0.0297 | 0.0304 | 0.0314 | 0.0074
825 0.0030 | 0.0224 | 0.0255 | 0.0261 | 0.0270 | 0.0286 | 0.0299 | 0.0307 | 0.0320 | 0.0334 | 0.0098
875 0.0028 | 0.0230 | 0.0258 | 0.0267 | 0.0275 | 0.0293 | 0.0305 | 0.0315 | 0.0329 | 0.0341 | 0.0116
925 0.0026 | 0.0220 | 0.0267 | 0.0288 | 0.0305 | 0.0312 | 0.0316 | 0.0327 | 0.0342 | 0.0355 | 0.0090
975 0.0023 | 0.0241 | 0.0274 | 0.0292 | 0.0309 | 0.0314 | 0.0322 | 0.0341 | 0.0361 | 0.0373 | 0.0120
1025 0.0022 | 0.0229 | 0.0268 | 0.0290 | 0.0303 | 0.0313 | 0.0335 | 0.0356 | 0.0380 | 0.0403 | 0.0100
1075 0.0021 | 0.0233 | 0.0289 | 0.0315 | 0.0333 | 0.0339 | 0.0359 | 0.0384 | 0.0421 | 0.0445 | 0.0090
1125 0.0031 | 0.0351 | 0.0448 | 0.0479 | 0.0503 | 0.0506 | 0.0533 | 0.0577 | 0.0611 | 0.0647 | 0.0140
1175 0.0032 | 0.0393 | 0.0511 | 0.0558 | 0.0570 | 0.0585 | 0.0604 | 0.0661 | 0.0722 | 0.0768 | 0.0198
1225 0.0030 | 0.0400 | 0.0472 | 0.0515 | 0.0544 | 0.0573 | 0.0618 | 0.0668 | 0.0737 | 0.0800 | 0.0144
1275 0.0022 | 0.0340 | 0.0386 | 0.0431 | 0.0459 | 0.0480 | 0.0509 | 0.0550 | 0.0611 | 0.0693 | 0.0156
1325 0.0014 | 0.0241 | 0.0257 | 0.0297 | 0.0315 | 0.0330 | 0.0363 | 0.0401 | 0.0455 | 0.0514 | 0.0112
1375 0.0012 | 0.0226 | 0.0236 | 0.0269 | 0.0295 | 0.0300 | 0.0320 | 0.0354 | 0.0398 | 0.0453 | 0.0093
1425 0.0010 | 0.0226 | 0.0226 | 0.0259 | 0.0279 | 0.0286 | 0.0304 | 0.0331 | 0.0360 | 0.0402 | 0.0126
1475 0.0009 | 0.0222 | 0.0213 | 0.0242 | 0.0266 | 0.0269 | 0.0283 | 0.0301 | 0.0326 | 0.0363 | 0.0185
1525 0.0008 | 0.0214 | 0.0202 | 0.0232 | 0.0249 | 0.0258 | 0.0265 | 0.0281 | 0.0300 | 0.0332 | 0.0124
1575 0.0008 | 0.0205 | 0.0187 | 0.0213 | 0.0223 | 0.0229 | 0.0237 | 0.0255 | 0.0269 | 0.0298 | 0.0187
1625 0.0007 | 0.0187 | 0.0168 | 0.0192 | 0.0205 | 0.0202 | 0.0213 | 0.0229 | 0.0245 | 0.0268 | 0.0147
1675 0.0006 | 0.0182 | 0.0166 | 0.0178 | 0.0192 | 0.0195 | 0.0200 | 0.0208 | 0.0222 | 0.0245 | 0.0104
1725 0.0007 | 0.0206 | 0.0205 | 0.0213 | 0.0228 | 0.0228 | 0.0233 | 0.0234 | 0.0243 | 0.0258 | 0.0229
1775 0.0007 | 0.0235 | 0.0221 | 0.0234 | 0.0253 | 0.0250 | 0.0251 | 0.0257 | 0.0266 | 0.0281 | 0.0169
1825 0.0006 | 0.0226 | 0.0216 | 0.0226 | 0.0241 | 0.0242 | 0.0241 | 0.0254 | 0.0259 | 0.0274 | 0.0122
1875 0.0005 | 0.0177 | 0.0165 | 0.0173 | 0.0190 | 0.0192 | 0.0195 | 0.0201 | 0.0212 | 0.0224 | 0.0123
1925 0.0004 | 0.0131 | 0.0115 | 0.0121 | 0.0131 | 0.0132 | 0.0136 | 0.0140 | 0.0149 | 0.0158 | 0.0089
1975 0.0003 | 0.0123 | 0.0103 | 0.0108 | 0.0116 | 0.0118 | 0.0124 | 0.0126 | 0.0132 | 0.0141 | 0.0079
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5.2.4 TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG100KTR

Active power P/P,[%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [kHz] |[%] I[%] %] |[%] |[%] %] |[%] %] |[%] I[%] [%]
21 0.0008 | 0.0626 | 0.0434 | 0.0462 | 0.0531 | 0.0573 | 0.0592 | 0.0564 | 0.0575 | 0.0648 | 0.0785
23 0.0006 | 0.0280 | 0.0480 | 0.0371 | 0.0452 | 0.0474 | 0.0441 | 0.0433 | 0.0421 | 0.0448 | 0.0490
25 0.0005 | 0.0341 | 0.0322 | 0.0354 | 0.0410 | 0.0377 | 0.0365 | 0.0388 | 0.0420 | 0.0503 | 0.0638
2.7 0.0005 | 0.0491 | 0.0392 | 0.0289 | 0.0281 | 0.0282 | 0.0312 | 0.0325 | 0.0374 | 0.0424 | 0.0523
2.9 0.0004 | 0.0188 | 0.0310 | 0.0239 | 0.0188 | 0.0210 | 0.0235 | 0.0241 | 0.0261 | 0.0293 | 0.0350
31 0.0004 | 0.0287 | 0.0330 | 0.0473 | 0.0405 | 0.0346 | 0.0385 | 0.0378 | 0.0403 | 0.0426 | 0.0451
3.3 0.0004 | 0.0280 | 0.0265 | 0.0314 | 0.0390 | 0.0307 | 0.0305 | 0.0307 | 0.0308 | 0.0295 | 0.0301
35 0.0003 | 0.0202 | 0.0255 | 0.0243 | 0.0280 | 0.0297 | 0.0272 | 0.0252 | 0.0276 | 0.0287 | 0.0277
3.7 0.0003 | 0.0232 | 0.0244 | 0.0241 | 0.0319 | 0.0388 | 0.0335 | 0.0295 | 0.0315 | 0.0329 | 0.0330
3.9 0.0003 | 0.0262 | 0.0255 | 0.0316 | 0.0275 | 0.0333 | 0.0323 | 0.0323 | 0.0334 | 0.0369 | 0.0372
4.1 0.0003 | 0.0167 | 0.0160 | 0.0164 | 0.0222 | 0.0179 | 0.0194 | 0.0205 | 0.0207 | 0.0236 | 0.0261
4.3 0.0003 | 0.0215 | 0.0292 | 0.0209 | 0.0318 | 0.0287 | 0.0308 | 0.0325 | 0.0322 | 0.0363 | 0.0379
4.5 0.0003 | 0.0199 | 0.0172 | 0.0215 | 0.0241 | 0.0257 | 0.0272 | 0.0281 | 0.0273 | 0.0287 | 0.0311
4.7 0.0002 | 0.0184 | 0.0207 | 0.0225 | 0.0202 | 0.0218 | 0.0216 | 0.0222 | 0.0238 | 0.0257 | 0.0269
4.9 0.0002 | 0.0215 | 0.0283 | 0.0222 | 0.0258 | 0.0278 | 0.0295 | 0.0309 | 0.0333 | 0.0350 | 0.0367
51 0.0002 | 0.0210 | 0.0205 | 0.0239 | 0.0233 | 0.0237 | 0.0252 | 0.0270 | 0.0284 | 0.0298 | 0.0296
5.3 0.0002 | 0.0225 | 0.0192 | 0.0248 | 0.0232 | 0.0224 | 0.0264 | 0.0258 | 0.0271 | 0.0283 | 0.0323
55 0.0002 | 0.0184 | 0.0236 | 0.0210 | 0.0238 | 0.0245 | 0.0279 | 0.0282 | 0.0315 | 0.0361 | 0.0402
5.7 0.0002 | 0.0239 | 0.0248 | 0.0274 | 0.0295 | 0.0310 | 0.0317 | 0.0331 | 0.0355 | 0.0374 | 0.0396
5.9 0.0002 | 0.0431 | 0.0455 | 0.0464 | 0.0472 | 0.0472 | 0.0484 | 0.0511 | 0.0511 | 0.0519 | 0.0550
6.1 0.0002 | 0.0283 | 0.0313 | 0.0302 | 0.0400 | 0.0384 | 0.0425 | 0.0470 | 0.0485 | 0.0488 | 0.0526
6.3 0.0002 | 0.0352 | 0.0350 | 0.0399 | 0.0423 | 0.0444 | 0.0471 | 0.0474 | 0.0454 | 0.0457 | 0.0482
6.5 0.0002 | 0.0334 | 0.0290 | 0.0353 | 0.0433 | 0.0419 | 0.0430 | 0.0447 | 0.0466 | 0.0482 | 0.0510
6.7 0.0002 | 0.0257 | 0.0256 | 0.0281 | 0.0406 | 0.0412 | 0.0450 | 0.0491 | 0.0504 | 0.0504 | 0.0547
6.9 0.0002 | 0.0323 | 0.0283 | 0.0352 | 0.0480 | 0.0569 | 0.0596 | 0.0623 | 0.0646 | 0.0618 | 0.0655
7.1 0.0002 | 0.0254 | 0.0321 | 0.0321 | 0.0442 | 0.0533 | 0.0635 | 0.0665 | 0.0664 | 0.0633 | 0.0636
7.3 0.0002 | 0.0171 | 0.0191 | 0.0233 | 0.0282 | 0.0376 | 0.0472 | 0.0604 | 0.0753 | 0.0808 | 0.0781
7.5 0.0002 | 0.0165 | 0.0174 | 0.0195 | 0.0239 | 0.0308 | 0.0385 | 0.0495 | 0.0767 | 0.1311 | 0.1537
7.7 0.0002 | 0.0155 | 0.0162 | 0.0176 | 0.0230 | 0.0283 | 0.0346 | 0.0423 | 0.0676 | 0.1199 | 0.1450
7.9 0.0001 | 0.0130 | 0.0125 | 0.0125 | 0.0173 | 0.0202 | 0.0252 | 0.0299 | 0.0382 | 0.0444 | 0.0513
8.1 0.0001 | 0.0135 | 0.0149 | 0.0149 | 0.0190 | 0.0218 | 0.0223 | 0.0242 | 0.0263 | 0.0294 | 0.0343
8.3 0.0001 | 0.0123 | 0.0139 | 0.0131 | 0.0162 | 0.0154 | 0.0175 | 0.0185 | 0.0198 | 0.0229 | 0.0290
8.5 0.0001 | 0.0088 | 0.0084 | 0.0091 | 0.0107 | 0.0112 | 0.0119 | 0.0125 | 0.0134 | 0.0146 | 0.0174
8.7 0.0001 | 0.0098 | 0.0103 | 0.0099 | 0.0112 | 0.0106 | 0.0112 | 0.0116 | 0.0129 | 0.0148 | 0.0187
8.9 0.0001 | 0.0088 | 0.0084 | 0.0091 | 0.0107 | 0.0106 | 0.0112 | 0.0125 | 0.0129 | 0.0148 | 0.0174
Note:

The reference current In is 144.9 A.

The stated harmonics are maximum values of all 3 phases.

The unit complies with DIN EN 61000-3-12 (VDE 0838-12). Measurement results given above in consideration
of customer installation with multiple units with rated current >75A.
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5.2.4 TABLE: Harmonics and inter-harmonics (according to DIN EN 61000-4-7) P
Model: iMars XG100KTR-F

AT p[%’er FilFh 0 10 20 30 40 50 60 70 80 9% 100

Harmonic number %] I[%] |[%] |[%] |[%] [%] %] [%] |[%] |[%] [%]
2 0.0492 | 0.0812 | 0.0231 | 0.1349 | 0.0448 | 0.0283 | 0.1150 | 0.0912 | 0.0433 | 0.0579 | 0.0538
3 0.4149 | 0.4590 | 0.8623 | 0.5376 | 0.4076 | 0.3894 | 0.4950 | 0.4070 | 0.5861 | 0.5947 | 0.5992
4 0.0334 | 0.0696 | 0.0206 | 0.0314 | 0.0572 | 0.0660 | 0.1602 | 0.2000 | 0.1259 | 0.0949 | 0.1948
5 0.2759 | 0.2734 | 0.3227 | 0.2833 | 0.4353 | 0.4022 | 0.2339 | 0.4771 | 0.2687 | 0.2793 | 0.2726
6 0.0196 | 0.0265 | 0.0171 | 0.0406 | 0.0791 | 0.0951 | 0.0424 | 0.0565 | 0.0715 | 0.0686 | 0.1133
7 0.1962 | 0.2908 | 0.2302 | 0.1683 | 0.1101 | 0.1599 | 0.2300 | 0.1295 | 0.2497 | 0.2074 | 0.2697
8 0.0093 | 0.0887 | 0.0667 | 0.0831 | 0.0355 | 0.0373 | 0.0349 | 0.0523 | 0.0260 | 0.0469 | 0.0325
9 0.0545 | 0.2442 | 0.3650 | 0.3369 | 0.2199 | 0.2287 | 0.2313 | 0.1613 | 0.1504 | 0.2324 | 0.3133
10 0.0111 | 0.0297 | 0.0436 | 0.0517 | 0.1063 | 0.0460 | 0.0440 | 0.0827 | 0.0483 | 0.0865 | 0.0792
11 0.0110 | 0.0537 | 0.0251 | 0.3985 | 0.3309 | 0.2184 | 0.4796 | 0.3111 | 0.3488 | 0.3998 | 0.3705
12 0.0050 | 0.1328 | 0.0615 | 0.1339 | 0.1112 | 0.0875 | 0.0958 | 0.1162 | 0.0962 | 0.0911 | 0.1014
13 0.0134 | 0.2157 | 0.2827 | 0.0611 | 0.1181 | 0.0643 | 0.1396 | 0.2657 | 0.2654 | 0.4751 | 0.2271
14 0.0057 | 0.0698 | 0.0364 | 0.0479 | 0.0749 | 0.0245 | 0.0663 | 0.0592 | 0.0862 | 0.0632 | 0.1092
15 0.0175 | 0.1441 | 0.1086 | 0.0553 | 0.2266 | 0.1342 | 0.0441 | 0.0513 | 0.0393 | 0.0388 | 0.0900
16 0.0027 | 0.0448 | 0.0241 | 0.0439 | 0.0431 | 0.0346 | 0.0453 | 0.0354 | 0.0312 | 0.0771 | 0.0805
17 0.0043 | 0.0952 | 0.0444 | 0.4500 | 0.0386 | 0.0534 | 0.1938 | 0.4434 | 0.2362 | 0.2195 | 0.5109
18 0.0053 | 0.0718 | 0.0893 | 0.0912 | 0.0435 | 0.0944 | 0.0329 | 0.0679 | 0.1160 | 0.1043 | 0.1098
19 0.0037 | 0.2332 | 0.1133 | 0.3979 | 0.1134 | 0.0445 | 0.0863 | 0.1256 | 0.2736 | 0.4092 | 0.2208
20 0.0041 | 0.0751 | 0.0548 | 0.0646 | 0.1369 | 0.0753 | 0.0617 | 0.0466 | 0.0678 | 0.0576 | 0.0913
21 0.0077 | 0.3433 | 0.2960 | 0.2916 | 0.1952 | 0.0786 | 0.1456 | 0.2037 | 0.1976 | 0.1326 | 0.1555
22 0.0012 | 0.1050 | 0.1086 | 0.1046 | 0.0670 | 0.0694 | 0.0542 | 0.0463 | 0.0538 | 0.0570 | 0.1697
23 0.0061 | 0.1401 | 0.2108 | 0.1136 | 0.1557 | 0.1097 | 0.1880 | 0.1752 | 0.2722 | 0.2682 | 0.6232
24 0.0015 | 0.1004 | 0.0894 | 0.0839 | 0.0743 | 0.1151 | 0.1108 | 0.1165 | 0.1386 | 0.1272 | 0.1850
25 0.0021 | 0.1658 | 0.4309 | 0.1755 | 0.1947 | 0.1588 | 0.1391 | 0.2662 | 0.2289 | 0.3365 | 0.5275
26 0.0020 | 0.0710 | 0.0550 | 0.0915 | 0.1512 | 0.0989 | 0.1615 | 0.0910 | 0.1325 | 0.0779 | 0.1335
27 0.0045 | 0.0769 | 0.1396 | 0.1229 | 0.2620 | 0.0857 | 0.1421 | 0.1097 | 0.0719 | 0.1995 | 0.2325
28 0.0025 | 0.0767 | 0.0651 | 0.1064 | 0.0721 | 0.1254 | 0.0692 | 0.0918 | 0.1303 | 0.1073 | 0.0814
29 0.0022 | 0.1790 | 0.2050 | 0.1628 | 0.2518 | 0.4703 | 0.1972 | 0.2345 | 0.2841 | 0.4442 | 0.3588
30 0.0010 | 0.0661 | 0.0384 | 0.1042 | 0.0732 | 0.0606 | 0.0507 | 0.1237 | 0.1359 | 0.0857 | 0.0930
31 0.0008 | 0.0661 | 0.1230 | 0.0976 | 0.1060 | 0.1611 | 0.1723 | 0.1121 | 0.3541 | 0.1626 | 0.1866
32 0.0005 | 0.0571 | 0.0400 | 0.0883 | 0.0904 | 0.0744 | 0.0313 | 0.0661 | 0.0967 | 0.0705 | 0.0621
33 0.0020 | 0.0969 | 0.0624 | 0.1346 | 0.0994 | 0.0590 | 0.0646 | 0.0833 | 0.1068 | 0.1320 | 0.1240
34 0.0008 | 0.0348 | 0.0451 | 0.0261 | 0.0419 | 0.0261 | 0.0493 | 0.0719 | 0.0744 | 0.0430 | 0.0887
35 0.0020 | 0.0334 | 0.0248 | 0.1230 | 0.0644 | 0.3351 | 0.1756 | 0.1399 | 0.2134 | 0.2258 | 0.1271
36 0.0006 | 0.0523 | 0.0723 | 0.0633 | 0.0579 | 0.0792 | 0.0544 | 0.0291 | 0.0489 | 0.0430 | 0.0918
37 0.0007 | 0.0489 | 0.0795 | 0.0545 | 0.0535 | 0.1239 | 0.0994 | 0.0565 | 0.0682 | 0.1419 | 0.0941
38 0.0002 | 0.0281 | 0.0353 | 0.0325 | 0.0336 | 0.0180 | 0.0455 | 0.0422 | 0.0159 | 0.0252 | 0.0421
39 0.0004 | 0.0284 | 0.0510 | 0.0246 | 0.0411 | 0.0159 | 0.0243 | 0.0361 | 0.0159 | 0.0489 | 0.0369
40 0.0004 | 0.0274 | 0.0112 | 0.0137 | 0.0169 | 0.0304 | 0.0340 | 0.0321 | 0.0173 | 0.0382 | 0.0298
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5.2.4 | TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG100KTR-F

Active power P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [Hz] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] (%]

75 0.1039 | 0.0633 | 0.1290 | 0.0691 | 0.0520 | 0.0738 | 0.1448 | 0.0530 | 0.0832 | 0.0799 | 0.0058
125 0.0467 | 0.0231 | 0.0250 | 0.0466 | 0.0212 | 0.0348 | 0.0269 | 0.0300 | 0.0511 | 0.0388 | 0.0051
175 0.0138 | 0.0264 | 0.0312 | 0.0310 | 0.0216 | 0.0174 | 0.0201 | 0.0186 | 0.0458 | 0.0383 | 0.0054
225 0.0125 | 0.0316 | 0.0280 | 0.0331 | 0.0326 | 0.0279 | 0.0208 | 0.0267 | 0.0244 | 0.0451 | 0.0134
275 0.0118 | 0.0447 | 0.0274 | 0.0219 | 0.0387 | 0.0215 | 0.0156 | 0.0232 | 0.0383 | 0.0202 | 0.0196
325 0.0157 | 0.0163 | 0.0230 | 0.0165 | 0.0179 | 0.0369 | 0.0168 | 0.0235 | 0.0227 | 0.0170 | 0.0099
375 0.0151 | 0.0111 | 0.0202 | 0.0190 | 0.0255 | 0.0140 | 0.0272 | 0.0228 | 0.0209 | 0.0402 | 0.0140
425 0.0053 | 0.0292 | 0.0127 | 0.0237 | 0.0187 | 0.0223 | 0.0212 | 0.0266 | 0.0205 | 0.0409 | 0.0055
475 0.0057 | 0.0234 | 0.0245 | 0.0221 | 0.0323 | 0.0244 | 0.0147 | 0.0337 | 0.0322 | 0.0307 | 0.0107
525 0.0065 | 0.0289 | 0.0282 | 0.0235 | 0.0162 | 0.0474 | 0.0419 | 0.0249 | 0.0340 | 0.0456 | 0.0115
575 0.0107 | 0.0304 | 0.0455 | 0.0187 | 0.0231 | 0.0388 | 0.0371 | 0.0367 | 0.0618 | 0.0392 | 0.0219
625 0.0044 | 0.0147 | 0.0503 | 0.0428 | 0.0273 | 0.0441 | 0.0400 | 0.0320 | 0.0205 | 0.0594 | 0.0066
675 0.0078 | 0.0292 | 0.0416 | 0.0375 | 0.0311 | 0.0381 | 0.0252 | 0.0399 | 0.0463 | 0.0203 | 0.0106
725 0.0027 | 0.0135 | 0.0249 | 0.0216 | 0.0200 | 0.0146 | 0.0193 | 0.0283 | 0.0323 | 0.0265 | 0.0094
775 0.0048 | 0.0261 | 0.0154 | 0.0159 | 0.0175 | 0.0314 | 0.0294 | 0.0310 | 0.0217 | 0.0175 | 0.0045
825 0.0040 | 0.0114 | 0.0362 | 0.0182 | 0.0244 | 0.0345 | 0.0230 | 0.0213 | 0.0232 | 0.0168 | 0.0089
875 0.0017 | 0.0315 | 0.0348 | 0.0341 | 0.0167 | 0.0366 | 0.0288 | 0.0438 | 0.0364 | 0.0391 | 0.0098
925 0.0036 | 0.0222 | 0.0138 | 0.0161 | 0.0255 | 0.0369 | 0.0310 | 0.0233 | 0.0253 | 0.0381 | 0.0129
975 0.0020 | 0.0143 | 0.0345 | 0.0148 | 0.0213 | 0.0436 | 0.0236 | 0.0487 | 0.0447 | 0.0199 | 0.0101
1025 0.0029 | 0.0260 | 0.0379 | 0.0301 | 0.0177 | 0.0166 | 0.0236 | 0.0503 | 0.0479 | 0.0545 | 0.0073
1075 0.0031 | 0.0200 | 0.0271 | 0.0277 | 0.0239 | 0.0268 | 0.0452 | 0.0354 | 0.0329 | 0.0630 | 0.0086
1125 0.0040 | 0.0300 | 0.0344 | 0.0525 | 0.0547 | 0.0613 | 0.0464 | 0.0319 | 0.0789 | 0.0325 | 0.0145
1175 0.0020 | 0.0287 | 0.0267 | 0.0764 | 0.0432 | 0.0470 | 0.0768 | 0.0614 | 0.0636 | 0.0613 | 0.0226
1225 0.0015 | 0.0539 | 0.0289 | 0.0649 | 0.0320 | 0.0692 | 0.0604 | 0.0976 | 0.0425 | 0.0830 | 0.0091
1275 0.0018 | 0.0400 | 0.0467 | 0.0313 | 0.0683 | 0.0682 | 0.0313 | 0.0825 | 0.0641 | 0.0709 | 0.0081
1325 0.0007 | 0.0302 | 0.0298 | 0.0435 | 0.0171 | 0.0343 | 0.0528 | 0.0409 | 0.0516 | 0.0352 | 0.0139
1375 0.0009 | 0.0233 | 0.0130 | 0.0366 | 0.0385 | 0.0376 | 0.0279 | 0.0183 | 0.0448 | 0.0571 | 0.0064
1425 0.0011 | 0.0207 | 0.0161 | 0.0135 | 0.0194 | 0.0148 | 0.0410 | 0.0172 | 0.0494 | 0.0206 | 0.0101
1475 0.0009 | 0.0204 | 0.0192 | 0.0162 | 0.0215 | 0.0259 | 0.0217 | 0.0252 | 0.0430 | 0.0398 | 0.0178
1525 0.0008 | 0.0108 | 0.0279 | 0.0337 | 0.0209 | 0.0246 | 0.0197 | 0.0244 | 0.0402 | 0.0183 | 0.0079
1575 0.0005 | 0.0255 | 0.0113 | 0.0260 | 0.0332 | 0.0332 | 0.0220 | 0.0363 | 0.0170 | 0.0304 | 0.0264
1625 0.0006 | 0.0217 | 0.0188 | 0.0146 | 0.0147 | 0.0183 | 0.0253 | 0.0257 | 0.0315 | 0.0320 | 0.0188
1675 0.0005 | 0.0139 | 0.0182 | 0.0119 | 0.0261 | 0.0229 | 0.0206 | 0.0247 | 0.0308 | 0.0147 | 0.0055
1725 0.0010 | 0.0184 | 0.0141 | 0.0116 | 0.0146 | 0.0307 | 0.0263 | 0.0283 | 0.0264 | 0.0166 | 0.0159
1775 0.0005 | 0.0123 | 0.0164 | 0.0293 | 0.0270 | 0.0139 | 0.0147 | 0.0146 | 0.0227 | 0.0153 | 0.0123
1825 0.0007 | 0.0187 | 0.0307 | 0.0290 | 0.0253 | 0.0179 | 0.0192 | 0.0218 | 0.0360 | 0.0329 | 0.0131
1875 0.0005 | 0.0139 | 0.0197 | 0.0117 | 0.0185 | 0.0133 | 0.0144 | 0.0223 | 0.0233 | 0.0228 | 0.0098
1925 0.0003 | 0.0171 | 0.0130 | 0.0146 | 0.0147 | 0.0067 | 0.0204 | 0.0192 | 0.0189 | 0.0181 | 0.0125
1975 0.0004 | 0.0099 | 0.0127 | 0.0072 | 0.0167 | 0.0157 | 0.0143 | 0.0147 | 0.0085 | 0.0144 | 0.0105
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5.2.4 TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG100KTR-F

Active power P/P,[%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [kHz] |[%] I[%] %] |[%] |[%] %] |[%] %] |[%] I[%] %]
2.1 0.0012 | 0.0379 | 0.0638 | 0.0486 | 0.0493 | 0.0822 | 0.0577 | 0.0694 | 0.0538 | 0.0609 | 0.0509
2.3 0.0008 | 0.0358 | 0.0551 | 0.0405 | 0.0641 | 0.0627 | 0.0403 | 0.0567 | 0.0494 | 0.0249 | 0.0251
25 0.0003 | 0.0376 | 0.0271 | 0.0278 | 0.0351 | 0.0373 | 0.0216 | 0.0578 | 0.0556 | 0.0588 | 0.0913
2.7 0.0005 | 0.0485 | 0.0337 | 0.0413 | 0.0313 | 0.0297 | 0.0164 | 0.0422 | 0.0215 | 0.0634 | 0.0741
2.9 0.0004 | 0.0278 | 0.0294 | 0.0206 | 0.0118 | 0.0291 | 0.0347 | 0.0174 | 0.0273 | 0.0351 | 0.0522
3.1 0.0006 | 0.0201 | 0.0233 | 0.0416 | 0.0207 | 0.0477 | 0.0346 | 0.0226 | 0.0601 | 0.0631 | 0.0398
3.3 0.0004 | 0.0170 | 0.0191 | 0.0259 | 0.0558 | 0.0212 | 0.0212 | 0.0384 | 0.0214 | 0.0284 | 0.0386
35 0.0004 | 0.0167 | 0.0204 | 0.0267 | 0.0164 | 0.0374 | 0.0342 | 0.0255 | 0.0393 | 0.0179 | 0.0172
3.7 0.0003 | 0.0217 | 0.0172 | 0.0332 | 0.0233 | 0.0535 | 0.0263 | 0.0380 | 0.0323 | 0.0277 | 0.0273
3.9 0.0003 | 0.0175 | 0.0137 | 0.0257 | 0.0281 | 0.0406 | 0.0339 | 0.0358 | 0.0468 | 0.0293 | 0.0193
4.1 0.0003 | 0.0197 | 0.0223 | 0.0164 | 0.0294 | 0.0230 | 0.0238 | 0.0302 | 0.0185 | 0.0262 | 0.0373
4.3 0.0004 | 0.0262 | 0.0411 | 0.0280 | 0.0188 | 0.0242 | 0.0376 | 0.0471 | 0.0299 | 0.0476 | 0.0276
45 0.0003 | 0.0226 | 0.0154 | 0.0320 | 0.0269 | 0.0363 | 0.0348 | 0.0248 | 0.0405 | 0.0234 | 0.0249
4.7 0.0002 | 0.0260 | 0.0180 | 0.0264 | 0.0172 | 0.0232 | 0.0145 | 0.0286 | 0.0171 | 0.0306 | 0.0303
4.9 0.0001 | 0.0203 | 0.0184 | 0.0264 | 0.0209 | 0.0399 | 0.0230 | 0.0311 | 0.0324 | 0.0399 | 0.0527
5.1 0.0002 | 0.0130 | 0.0146 | 0.0269 | 0.0331 | 0.0341 | 0.0155 | 0.0246 | 0.0189 | 0.0258 | 0.0302
5.3 0.0001 | 0.0214 | 0.0149 | 0.0278 | 0.0159 | 0.0297 | 0.0283 | 0.0368 | 0.0173 | 0.0380 | 0.0428
5.5 0.0002 | 0.0099 | 0.0333 | 0.0122 | 0.0226 | 0.0265 | 0.0326 | 0.0408 | 0.0194 | 0.0503 | 0.0295
5.7 0.0002 | 0.0330 | 0.0253 | 0.0247 | 0.0386 | 0.0190 | 0.0218 | 0.0172 | 0.0381 | 0.0421 | 0.0337
5.9 0.0002 | 0.0381 | 0.0384 | 0.0682 | 0.0659 | 0.0555 | 0.0597 | 0.0482 | 0.0713 | 0.0558 | 0.0531
6.1 0.0003 | 0.0269 | 0.0459 | 0.0163 | 0.0279 | 0.0410 | 0.0446 | 0.0280 | 0.0398 | 0.0539 | 0.0502
6.3 0.0002 | 0.0190 | 0.0238 | 0.0554 | 0.0361 | 0.0353 | 0.0670 | 0.0442 | 0.0351 | 0.0438 | 0.0603
6.5 0.0002 | 0.0444 | 0.0230 | 0.0374 | 0.0472 | 0.0586 | 0.0400 | 0.0391 | 0.0335 | 0.0603 | 0.0704
6.7 0.0002 | 0.0216 | 0.0263 | 0.0298 | 0.0346 | 0.0572 | 0.0548 | 0.0323 | 0.0362 | 0.0506 | 0.0670
6.9 0.0002 | 0.0310 | 0.0199 | 0.0190 | 0.0286 | 0.0602 | 0.0308 | 0.0451 | 0.0877 | 0.0700 | 0.0669
7.1 0.0001 | 0.0300 | 0.0267 | 0.0453 | 0.0634 | 0.0450 | 0.0357 | 0.0956 | 0.0505 | 0.0621 | 0.0796
7.3 0.0002 | 0.0245 | 0.0198 | 0.0283 | 0.0169 | 0.0417 | 0.0401 | 0.0669 | 0.0978 | 0.1130 | 0.0392
7.5 0.0002 | 0.0220 | 0.0162 | 0.0109 | 0.0289 | 0.0399 | 0.0481 | 0.0563 | 0.0839 | 0.1110 | 0.2270
7.7 0.0002 | 0.0086 | 0.0152 | 0.0213 | 0.0148 | 0.0364 | 0.0353 | 0.0398 | 0.0612 | 0.1589 | 0.1469
7.9 0.0001 | 0.0071 | 0.0078 | 0.0108 | 0.0240 | 0.0155 | 0.0295 | 0.0330 | 0.0532 | 0.0650 | 0.0758
8.1 0.0001 | 0.0106 | 0.0178 | 0.0128 | 0.0159 | 0.0180 | 0.0204 | 0.0244 | 0.0362 | 0.0431 | 0.0191
8.3 0.0001 | 0.0131 | 0.0108 | 0.0158 | 0.0179 | 0.0188 | 0.0153 | 0.0101 | 0.0134 | 0.0186 | 0.0218
8.5 0.0001 | 0.0064 | 0.0115 | 0.0134 | 0.0145 | 0.0146 | 0.0177 | 0.0140 | 0.0092 | 0.0174 | 0.0192
8.7 0.0001 | 0.0051 | 0.0101 | 0.0101 | 0.0072 | 0.0154 | 0.0153 | 0.0162 | 0.0129 | 0.0195 | 0.0152
8.9 0.0001 | 0.0129 | 0.0097 | 0.0108 | 0.0159 | 0.0112 | 0.0101 | 0.0125 | 0.0151 | 0.0135 | 0.0198
Note:

The reference current In is 144.9A.

The stated harmonics are maximum values of all 3 phases.

[The unit complies with DIN EN 61000-3-12 (VDE 0838-12). Measurement results given above in consideration
of customer installation with multiple units with rated current >75A.
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5.2.4 TABLE: Harmonics and inter-harmonics (according to DIN EN 61000-4-7) P
Model: iMars XG110KTR
AELTD p[;)"i’er FilFh 0 10 20 30 40 50 60 70 80 9% 100
Harmonic number |[%] |[%6] |[%6] |[%] |[%6] |[%6] [[%] |[%6] |[%6] |[%6] |[%6]
2 0.0462 | 0.0652 | 0.0288 | 0.1341 | 0.0598 | 0.0184 | 0.1146 | 0.1325 | 0.0523 | 0.0449 | 0.0696
3 0.5360 | 0.2651 | 1.2652 | 0.5742 | 0.2471 | 0.3994 | 0.3024 | 0.5534 | 0.3901 | 0.5659 | 0.5250
4 0.0465 | 0.0847 | 0.0189 | 0.0306 | 0.0290 | 0.0401 | 0.2170 | 0.1779 | 0.1498 | 0.1144 | 0.1575
5 0.3139 | 0.2458 | 0.3873 | 0.2978 | 0.5411 | 0.4585 | 0.1501 | 0.5411 | 0.1943 | 0.2359 | 0.1580
6 0.0143 | 0.0349 | 0.0222 | 0.0210 | 0.1124 | 0.1168 | 0.0332 | 0.0520 | 0.0574 | 0.0598 | 0.0756
7 0.2524 | 0.2357 | 0.2103 | 0.2518 | 0.1540 | 0.1164 | 0.1784 | 0.1822 | 0.2966 | 0.2057 | 0.2793
8 0.0075 | 0.1029 | 0.0363 | 0.0579 | 0.0464 | 0.0288 | 0.0446 | 0.0629 | 0.0261 | 0.0463 | 0.0303
9 0.0608 | 0.1383 | 0.2115 | 0.2365 | 0.1150 | 0.2284 | 0.3369 | 0.1944 | 0.1313 | 0.1968 | 0.4397
10 0.0092 | 0.0204 | 0.0456 | 0.0363 | 0.0833 | 0.0459 | 0.0307 | 0.0944 | 0.0639 | 0.0682 | 0.1163
11 0.0085 | 0.0757 | 0.0323 | 0.5874 | 0.2013 | 0.1969 | 0.4506 | 0.3879 | 0.2306 | 0.3180 | 0.3941
12 0.0053 | 0.0871 | 0.0556 | 0.0756 | 0.0805 | 0.0869 | 0.1287 | 0.1689 | 0.0839 | 0.0670 | 0.0613
13 0.0160 | 0.1917 | 0.2101 | 0.0508 | 0.1748 | 0.0870 | 0.0880 | 0.2780 | 0.3962 | 0.4144 | 0.1338
14 0.0062 | 0.1000 | 0.0439 | 0.0485 | 0.0493 | 0.0360 | 0.0654 | 0.0835 | 0.0733 | 0.0368 | 0.1632
15 0.0244 | 0.1146 | 0.0597 | 0.0772 | 0.2251 | 0.0738 | 0.0520 | 0.0281 | 0.0573 | 0.0411 | 0.1346
16 0.0032 | 0.0331 | 0.0250 | 0.0619 | 0.0587 | 0.0359 | 0.0490 | 0.0383 | 0.0343 | 0.0459 | 0.1174
17 0.0027 | 0.0902 | 0.0480 | 0.5543 | 0.0450 | 0.0331 | 0.0999 | 0.2351 | 0.3263 | 0.2787 | 0.4821
18 0.0046 | 0.1015 | 0.0713 | 0.0978 | 0.0492 | 0.0784 | 0.0389 | 0.0481 | 0.1084 | 0.1038 | 0.0682
19 0.0022 | 0.2023 | 0.1406 | 0.3069 | 0.1093 | 0.0370 | 0.0468 | 0.0679 | 0.3538 | 0.2708 | 0.2484
20 0.0027 | 0.0814 | 0.0634 | 0.0402 | 0.1631 | 0.1054 | 0.0316 | 0.0257 | 0.0749 | 0.0506 | 0.1347
21 0.0060 | 0.1947 | 0.3373 | 0.3382 | 0.2410 | 0.0758 | 0.1704 | 0.2547 | 0.1739 | 0.1037 | 0.1425
22 0.0016 | 0.0978 | 0.0830 | 0.1232 | 0.0337 | 0.0450 | 0.0640 | 0.0330 | 0.0797 | 0.0587 | 0.2289
23 0.0076 | 0.2085 | 0.1823 | 0.0596 | 0.0797 | 0.1063 | 0.2619 | 0.1718 | 0.3864 | 0.2016 | 0.7993
24 0.0022 | 0.1429 | 0.0512 | 0.0557 | 0.0387 | 0.0958 | 0.0734 | 0.1516 | 0.1504 | 0.1243 | 0.1966
25 0.0020 | 0.0911 | 0.4568 | 0.1776 | 0.1411 | 0.1862 | 0.2060 | 0.2035 | 0.2204 | 0.4010 | 0.6771
26 0.0022 | 0.0757 | 0.0745 | 0.0464 | 0.1829 | 0.0585 | 0.2334 | 0.0620 | 0.1468 | 0.0779 | 0.1145
27 0.0047 | 0.0930 | 0.1353 | 0.1049 | 0.2209 | 0.1076 | 0.1713 | 0.1560 | 0.0985 | 0.1902 | 0.2603
28 0.0034 | 0.0474 | 0.0585 | 0.0916 | 0.0886 | 0.0787 | 0.0456 | 0.1201 | 0.1398 | 0.0770 | 0.0550
29 0.0022 | 0.2167 | 0.2125 | 0.1872 | 0.2900 | 0.2417 | 0.1577 | 0.1819 | 0.2593 | 0.4096 | 0.2547
30 0.0013 | 0.0458 | 0.0331 | 0.1192 | 0.0555 | 0.0344 | 0.0663 | 0.1213 | 0.0975 | 0.0739 | 0.1259
31 0.0006 | 0.0548 | 0.1156 | 0.1031 | 0.1292 | 0.1919 | 0.2414 | 0.0771 | 0.2827 | 0.2418 | 0.1491
32 0.0005 | 0.0332 | 0.0302 | 0.1190 | 0.0788 | 0.0650 | 0.0395 | 0.0844 | 0.1391 | 0.0562 | 0.0410
33 0.0025 | 0.1336 | 0.0838 | 0.0733 | 0.0717 | 0.0789 | 0.0687 | 0.0841 | 0.1392 | 0.1185 | 0.1074
34 0.0005 | 0.0301 | 0.0409 | 0.0226 | 0.0483 | 0.0222 | 0.0522 | 0.0505 | 0.1113 | 0.0369 | 0.0625
35 0.0017 | 0.0261 | 0.0167 | 0.0685 | 0.0451 | 0.4672 | 0.1420 | 0.1352 | 0.1970 | 0.2143 | 0.1760
36 0.0005 | 0.0291 | 0.1071 | 0.0566 | 0.0688 | 0.0780 | 0.0701 | 0.0374 | 0.0470 | 0.0386 | 0.0812
37 0.0005 | 0.0606 | 0.0826 | 0.0670 | 0.0456 | 0.1750 | 0.0830 | 0.0673 | 0.0836 | 0.0790 | 0.0603
38 0.0002 | 0.0238 | 0.0326 | 0.0423 | 0.0477 | 0.0112 | 0.0324 | 0.0453 | 0.0145 | 0.0191 | 0.0331
39 0.0004 | 0.0379 | 0.0554 | 0.0252 | 0.0335 | 0.0178 | 0.0300 | 0.0385 | 0.0107 | 0.0340 | 0.0547
40 0.0005 | 0.0182 | 0.0092 | 0.0074 | 0.0095 | 0.0353 | 0.0466 | 0.0236 | 0.0171 | 0.0519 | 0.0333
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5.2.4 | TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG110KTR

Active power P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [Hz] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] (%]

75 0.0883 | 0.0630 | 0.0844 | 0.0629 | 0.0354 | 0.0383 | 0.2046 | 0.0545 | 0.1031 | 0.0513 | 0.0058
125 0.0340 | 0.0204 | 0.0191 | 0.0635 | 0.0313 | 0.0305 | 0.0280 | 0.0414 | 0.0350 | 0.0471 | 0.0066
175 0.0076 | 0.0374 | 0.0284 | 0.0227 | 0.0204 | 0.0112 | 0.0135 | 0.0264 | 0.0454 | 0.0502 | 0.0037
225 0.0165 | 0.0398 | 0.0178 | 0.0443 | 0.0227 | 0.0225 | 0.0167 | 0.0234 | 0.0141 | 0.0309 | 0.0108
275 0.0125 | 0.0484 | 0.0327 | 0.0210 | 0.0289 | 0.0134 | 0.0083 | 0.0344 | 0.0228 | 0.0297 | 0.0104
325 0.0185 | 0.0241 | 0.0121 | 0.0104 | 0.0222 | 0.0324 | 0.0096 | 0.0261 | 0.0317 | 0.0253 | 0.0050
375 0.0135 | 0.0093 | 0.0125 | 0.0105 | 0.0300 | 0.0156 | 0.0317 | 0.0155 | 0.0261 | 0.0247 | 0.0180
425 0.0074 | 0.0202 | 0.0079 | 0.0201 | 0.0261 | 0.0223 | 0.0181 | 0.0217 | 0.0271 | 0.0397 | 0.0036
475 0.0031 | 0.0127 | 0.0192 | 0.0112 | 0.0271 | 0.0268 | 0.0127 | 0.0270 | 0.0213 | 0.0376 | 0.0059
525 0.0088 | 0.0251 | 0.0371 | 0.0132 | 0.0120 | 0.0518 | 0.0457 | 0.0174 | 0.0347 | 0.0496 | 0.0112
575 0.0097 | 0.0163 | 0.0535 | 0.0114 | 0.0238 | 0.0320 | 0.0270 | 0.0359 | 0.0821 | 0.0208 | 0.0122
625 0.0031 | 0.0143 | 0.0276 | 0.0272 | 0.0366 | 0.0659 | 0.0443 | 0.0445 | 0.0121 | 0.0878 | 0.0095
675 0.0113 | 0.0361 | 0.0473 | 0.0293 | 0.0230 | 0.0215 | 0.0205 | 0.0271 | 0.0686 | 0.0119 | 0.0115
725 0.0038 | 0.0156 | 0.0178 | 0.0203 | 0.0253 | 0.0104 | 0.0171 | 0.0155 | 0.0390 | 0.0165 | 0.0075
775 0.0043 | 0.0340 | 0.0140 | 0.0211 | 0.0155 | 0.0392 | 0.0292 | 0.0196 | 0.0149 | 0.0237 | 0.0038
825 0.0047 | 0.0071 | 0.0542 | 0.0095 | 0.0141 | 0.0497 | 0.0265 | 0.0307 | 0.0298 | 0.0171 | 0.0072
875 0.0019 | 0.0236 | 0.0498 | 0.0274 | 0.0238 | 0.0269 | 0.0425 | 0.0542 | 0.0240 | 0.0209 | 0.0096
925 0.0027 | 0.0147 | 0.0182 | 0.0167 | 0.0378 | 0.0202 | 0.0266 | 0.0137 | 0.0262 | 0.0235 | 0.0124
975 0.0029 | 0.0207 | 0.0484 | 0.0099 | 0.0194 | 0.0505 | 0.0204 | 0.0297 | 0.0477 | 0.0162 | 0.0075
1025 0.0023 | 0.0200 | 0.0503 | 0.0352 | 0.0126 | 0.0247 | 0.0288 | 0.0493 | 0.0669 | 0.0649 | 0.0068
1075 0.0028 | 0.0252 | 0.0218 | 0.0389 | 0.0154 | 0.0308 | 0.0252 | 0.0335 | 0.0267 | 0.0926 | 0.0056
1125 0.0035 | 0.0290 | 0.0456 | 0.0390 | 0.0460 | 0.0769 | 0.0466 | 0.0200 | 0.0667 | 0.0251 | 0.0193
1175 0.0010 | 0.0381 | 0.0285 | 0.0891 | 0.0408 | 0.0663 | 0.0963 | 0.0797 | 0.0394 | 0.0494 | 0.0243
1225 0.0008 | 0.0431 | 0.0251 | 0.0555 | 0.0346 | 0.0543 | 0.0731 | 0.1358 | 0.0342 | 0.0545 | 0.0081
1275 0.0017 | 0.0326 | 0.0406 | 0.0352 | 0.0818 | 0.0506 | 0.0436 | 0.1117 | 0.0385 | 0.0899 | 0.0041
1325 0.0006 | 0.0384 | 0.0283 | 0.0351 | 0.0174 | 0.0295 | 0.0451 | 0.0607 | 0.0261 | 0.0300 | 0.0123
1375 0.0008 | 0.0296 | 0.0184 | 0.0345 | 0.0384 | 0.0469 | 0.0156 | 0.0097 | 0.0521 | 0.0802 | 0.0092
1425 0.0015 | 0.0110 | 0.0159 | 0.0132 | 0.0138 | 0.0190 | 0.0440 | 0.0217 | 0.0697 | 0.0189 | 0.0151
1475 0.0008 | 0.0215 | 0.0147 | 0.0222 | 0.0282 | 0.0339 | 0.0242 | 0.0308 | 0.0588 | 0.0278 | 0.0138
1525 0.0006 | 0.0095 | 0.0371 | 0.0346 | 0.0280 | 0.0344 | 0.0234 | 0.0192 | 0.0339 | 0.0221 | 0.0085
1575 0.0004 | 0.0141 | 0.0093 | 0.0251 | 0.0465 | 0.0465 | 0.0195 | 0.0494 | 0.0204 | 0.0252 | 0.0384
1625 0.0007 | 0.0221 | 0.0098 | 0.0189 | 0.0186 | 0.0102 | 0.0282 | 0.0215 | 0.0253 | 0.0451 | 0.0272
1675 0.0004 | 0.0176 | 0.0209 | 0.0141 | 0.0317 | 0.0283 | 0.0216 | 0.0363 | 0.0356 | 0.0075 | 0.0068
1725 0.0006 | 0.0200 | 0.0104 | 0.0148 | 0.0077 | 0.0377 | 0.0229 | 0.0177 | 0.0268 | 0.0148 | 0.0204
1775 0.0005 | 0.0132 | 0.0108 | 0.0257 | 0.0360 | 0.0149 | 0.0110 | 0.0217 | 0.0221 | 0.0175 | 0.0146
1825 0.0008 | 0.0195 | 0.0394 | 0.0222 | 0.0330 | 0.0251 | 0.0134 | 0.0306 | 0.0423 | 0.0260 | 0.0116
1875 0.0005 | 0.0152 | 0.0255 | 0.0119 | 0.0223 | 0.0167 | 0.0117 | 0.0309 | 0.0153 | 0.0191 | 0.0114
1925 0.0004 | 0.0107 | 0.0098 | 0.0121 | 0.0075 | 0.0061 | 0.0188 | 0.0180 | 0.0197 | 0.0209 | 0.0145
1975 0.0003 | 0.0147 | 0.0147 | 0.0084 | 0.0127 | 0.0175 | 0.0123 | 0.0159 | 0.0071 | 0.0132 | 0.0084
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5.2.4 TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG110KTR

Active power P/P,[%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [kHz] |[%] I[%] %] |[%] |[%] %] |[%] %] |[%] I[%] %]
2.1 0.0011 | 0.0495 | 0.0592 | 0.0380 | 0.0327 | 0.0724 | 0.0887 | 0.0724 | 0.0618 | 0.0410 | 0.0726
2.3 0.0008 | 0.0263 | 0.0598 | 0.0461 | 0.0294 | 0.0697 | 0.0326 | 0.0354 | 0.0573 | 0.0633 | 0.0724
25 0.0005 | 0.0404 | 0.0165 | 0.0528 | 0.0234 | 0.0227 | 0.0328 | 0.0198 | 0.0330 | 0.0378 | 0.0878
2.7 0.0006 | 0.0633 | 0.0267 | 0.0192 | 0.0279 | 0.0410 | 0.0316 | 0.0344 | 0.0452 | 0.0468 | 0.0605
2.9 0.0004 | 0.0244 | 0.0237 | 0.0344 | 0.0271 | 0.0293 | 0.0309 | 0.0185 | 0.0197 | 0.0369 | 0.0502
3.1 0.0004 | 0.0236 | 0.0441 | 0.0468 | 0.0598 | 0.0317 | 0.0237 | 0.0319 | 0.0515 | 0.0453 | 0.0627
3.3 0.0003 | 0.0362 | 0.0359 | 0.0268 | 0.0379 | 0.0315 | 0.0229 | 0.0304 | 0.0165 | 0.0324 | 0.0166
35 0.0004 | 0.0161 | 0.0320 | 0.0211 | 0.0168 | 0.0171 | 0.0191 | 0.0363 | 0.0273 | 0.0423 | 0.0151
3.7 0.0002 | 0.0253 | 0.0236 | 0.0171 | 0.0396 | 0.0555 | 0.0233 | 0.0205 | 0.0448 | 0.0378 | 0.0336
3.9 0.0003 | 0.0304 | 0.0340 | 0.0392 | 0.0185 | 0.0300 | 0.0257 | 0.0281 | 0.0220 | 0.0479 | 0.0338
4.1 0.0003 | 0.0191 | 0.0214 | 0.0097 | 0.0327 | 0.0218 | 0.0282 | 0.0248 | 0.0227 | 0.0292 | 0.0220
4.3 0.0004 | 0.0270 | 0.0222 | 0.0234 | 0.0193 | 0.0314 | 0.0334 | 0.0224 | 0.0189 | 0.0490 | 0.0292
45 0.0002 | 0.0111 | 0.0166 | 0.0207 | 0.0330 | 0.0338 | 0.0223 | 0.0216 | 0.0137 | 0.0289 | 0.0270
4.7 0.0002 | 0.0161 | 0.0134 | 0.0269 | 0.0225 | 0.0253 | 0.0289 | 0.0158 | 0.0232 | 0.0227 | 0.0243
4.9 0.0003 | 0.0261 | 0.0357 | 0.0223 | 0.0307 | 0.0279 | 0.0411 | 0.0397 | 0.0313 | 0.0400 | 0.0242
5.1 0.0003 | 0.0283 | 0.0134 | 0.0293 | 0.0297 | 0.0283 | 0.0217 | 0.0217 | 0.0294 | 0.0328 | 0.0156
5.3 0.0003 | 0.0242 | 0.0169 | 0.0300 | 0.0288 | 0.0287 | 0.0313 | 0.0167 | 0.0212 | 0.0150 | 0.0269
5.5 0.0002 | 0.0185 | 0.0350 | 0.0106 | 0.0356 | 0.0337 | 0.0160 | 0.0165 | 0.0460 | 0.0414 | 0.0584
5.7 0.0002 | 0.0122 | 0.0171 | 0.0157 | 0.0303 | 0.0175 | 0.0361 | 0.0434 | 0.0286 | 0.0354 | 0.0466
5.9 0.0003 | 0.0285 | 0.0602 | 0.0288 | 0.0325 | 0.0573 | 0.0417 | 0.0501 | 0.0685 | 0.0571 | 0.0438
6.1 0.0001 | 0.0347 | 0.0186 | 0.0268 | 0.0241 | 0.0371 | 0.0234 | 0.0643 | 0.0571 | 0.0426 | 0.0349
6.3 0.0002 | 0.0299 | 0.0180 | 0.0295 | 0.0468 | 0.0476 | 0.0659 | 0.0448 | 0.0315 | 0.0373 | 0.0718
6.5 0.0001 | 0.0235 | 0.0239 | 0.0306 | 0.0605 | 0.0274 | 0.0556 | 0.0570 | 0.0383 | 0.0346 | 0.0432
6.7 0.0002 | 0.0229 | 0.0179 | 0.0205 | 0.0268 | 0.0561 | 0.0622 | 0.0370 | 0.0708 | 0.0622 | 0.0462
6.9 0.0003 | 0.0400 | 0.0292 | 0.0439 | 0.0590 | 0.0569 | 0.0571 | 0.0782 | 0.0887 | 0.0694 | 0.0793
7.1 0.0001 | 0.0238 | 0.0330 | 0.0375 | 0.0508 | 0.0394 | 0.0802 | 0.0794 | 0.0679 | 0.0563 | 0.0801
7.3 0.0002 | 0.0176 | 0.0172 | 0.0204 | 0.0304 | 0.0457 | 0.0686 | 0.0513 | 0.1085 | 0.0963 | 0.0430
7.5 0.0001 | 0.0112 | 0.0250 | 0.0152 | 0.0133 | 0.0237 | 0.0366 | 0.0578 | 0.0499 | 0.1260 | 0.1794
7.7 0.0003 | 0.0120 | 0.0100 | 0.0225 | 0.0303 | 0.0321 | 0.0223 | 0.0281 | 0.0504 | 0.1175 | 0.1718
7.9 0.0001 | 0.0087 | 0.0172 | 0.0130 | 0.0228 | 0.0201 | 0.0139 | 0.0163 | 0.0305 | 0.0539 | 0.0500
8.1 0.0001 | 0.0134 | 0.0201 | 0.0130 | 0.0187 | 0.0147 | 0.0248 | 0.0313 | 0.0144 | 0.0220 | 0.0312
8.3 0.0001 | 0.0174 | 0.0156 | 0.0144 | 0.0228 | 0.0125 | 0.0170 | 0.0186 | 0.0272 | 0.0170 | 0.0169
8.5 0.0001 | 0.0051 | 0.0090 | 0.0056 | 0.0143 | 0.0060 | 0.0124 | 0.0135 | 0.0089 | 0.0098 | 0.0208
8.7 0.0001 | 0.0064 | 0.0084 | 0.0050 | 0.0088 | 0.0137 | 0.0147 | 0.0061 | 0.0070 | 0.0142 | 0.0206
8.9 0.0001 | 0.0059 | 0.0103 | 0.0069 | 0.0081 | 0.0115 | 0.0140 | 0.0184 | 0.0125 | 0.0179 | 0.0121
Note:

The reference current In is 159.4 A.

The stated harmonics are maximum values of all 3 phases.

[The unit complies with DIN EN 61000-3-12 (VDE 0838-12). Measurement results given above in consideration
of customer installation with multiple units with rated current >75A.
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5.2.4 TABLE: Harmonics and inter-harmonics (according to DIN EN 61000-4-7) P
Model: iMars XG110KTR-F
Active p[%’er P/Pn 0 10 20 30 40 50 60 70 80 % 100
Harmonic number (%] |[%] |[%] (%] |[%] |[%] (%] |[%] |[%] |[%] |[%]
2 0.0559 | 0.0420 | 0.0183 | 0.0764 | 0.0315 | 0.0183 | 0.1553 | 0.0726 | 0.0275 | 0.0741 | 0.0328
3 0.6100 | 0.3789 | 0.5485 | 0.6550 | 0.2374 | 0.2187 | 0.5387 | 0.2204 | 0.4168 | 0.7068 | 0.4715
4 0.0242 | 0.0661 | 0.0142 | 0.0326 | 0.0340 | 0.0878 | 0.0829 | 0.1191 | 0.1373 | 0.0577 | 0.1417
5 0.2545 | 0.1443 | 0.3716 | 0.1817 | 0.4936 | 0.2102 | 0.2508 | 0.4306 | 0.1573 | 0.2433 | 0.2170
6 0.0243 | 0.0234 | 0.0218 | 0.0362 | 0.0912 | 0.1069 | 0.0469 | 0.0637 | 0.0911 | 0.0549 | 0.0775
7 0.1386 | 0.2118 | 0.1908 | 0.1033 | 0.0684 | 0.2305 | 0.1331 | 0.1767 | 0.3601 | 0.2416 | 0.3752
8 0.0071 | 0.1219 | 0.0866 | 0.0954 | 0.0363 | 0.0265 | 0.0214 | 0.0405 | 0.0154 | 0.0334 | 0.0242
9 0.0705 | 0.2327 | 0.1891 | 0.4971 | 0.2868 | 0.2623 | 0.2150 | 0.1356 | 0.2048 | 0.3402 | 0.3398
10 0.0056 | 0.0330 | 0.0273 | 0.0284 | 0.1418 | 0.0231 | 0.0254 | 0.1222 | 0.0467 | 0.0746 | 0.0817
11 0.0059 | 0.0310 | 0.0244 | 0.2937 | 0.4949 | 0.1532 | 0.5657 | 0.3230 | 0.4689 | 0.5484 | 0.2121
12 0.0053 | 0.1336 | 0.0448 | 0.2002 | 0.0631 | 0.1134 | 0.1039 | 0.1589 | 0.0909 | 0.1268 | 0.0678
13 0.0112 | 0.1569 | 0.2180 | 0.0904 | 0.1442 | 0.0637 | 0.1236 | 0.3544 | 0.1827 | 0.5680 | 0.3155
14 0.0078 | 0.0450 | 0.0211 | 0.0361 | 0.0527 | 0.0135 | 0.0975 | 0.0503 | 0.0630 | 0.0521 | 0.0579
15 0.0182 | 0.1873 | 0.1013 | 0.0811 | 0.2481 | 0.0973 [ 0.0659 | 0.0351 | 0.0472 | 0.0440 | 0.0975
16 0.0016 | 0.0415 | 0.0193 | 0.0390 | 0.0433 | 0.0489 | 0.0626 | 0.0178 | 0.0445 | 0.1042 | 0.1091
17 0.0057 | 0.1059 | 0.0561 | 0.2768 | 0.0363 | 0.0671 | 0.1410 | 0.5235 | 0.1472 | 0.1479 | 0.4793
18 0.0058 | 0.0635 | 0.1026 | 0.0930 | 0.0640 | 0.0697 [ 0.0231 | 0.0854 | 0.0718 | 0.1505 | 0.0859
19 0.0032 | 0.3219 | 0.0756 | 0.3181 | 0.1077 | 0.0486 | 0.0765 | 0.1198 | 0.3215 | 0.5306 | 0.1591
20 0.0029 | 0.0803 | 0.0576 | 0.0527 | 0.1415 | 0.1007 | 0.0510 | 0.0316 | 0.0681 | 0.0543 | 0.0919
21 0.0092 | 0.5022 | 0.2888 | 0.3613 | 0.2903 | 0.0538 | 0.1957 | 0.2646 | 0.1372 | 0.1850 | 0.1842
22 0.0007 | 0.1574 | 0.0732 | 0.0987 | 0.0606 | 0.0450 | 0.0674 | 0.0255 | 0.0532 | 0.0764 | 0.1476
23 0.0073 | 0.0719 | 0.1370 | 0.0724 | 0.1364 | 0.0715 | 0.1147 | 0.1240 | 0.2736 | 0.3636 | 0.9289
24 0.0016 | 0.0728 | 0.1275 | 0.0636 | 0.0495 | 0.1171 | 0.0976 | 0.0831 | 0.1387 | 0.0681 | 0.2551
25 0.0027 | 0.1149 | 0.3867 | 0.1867 | 0.2263 | 0.1549 | 0.1996 | 0.2285 | 0.1817 | 0.1855 | 0.6397
26 0.0011 | 0.0765 | 0.0811 | 0.1167 | 0.1976 | 0.1186 | 0.1172 | 0.0697 | 0.1461 | 0.0591 | 0.0979
27 0.0033 | 0.0981 | 0.1704 | 0.1481 | 0.2588 | 0.0441 | 0.2069 | 0.1183 | 0.0851 | 0.2151 | 0.3369
28 0.0020 | 0.0540 | 0.0684 | 0.0641 | 0.0475 | 0.1467 | 0.0742 | 0.0582 | 0.1930 | 0.0801 | 0.1025
29 0.0020 | 0.0984 | 0.2290 | 0.0966 | 0.3611 | 0.6597 [ 0.1710 | 0.1257 | 0.1648 | 0.6079 | 0.4250
30 0.0010 | 0.0899 | 0.0420 | 0.0841 | 0.0419 | 0.0627 | 0.0310 | 0.1283 | 0.0984 | 0.0444 | 0.1205
31 0.0004 | 0.0510 | 0.0693 | 0.0868 | 0.1182 | 0.1452 | 0.2303 | 0.0884 | 0.1787 | 0.2210 | 0.0949
32 0.0005 | 0.0391 | 0.0385 | 0.0749 | 0.0659 | 0.0951 | 0.0214 | 0.0397 | 0.0943 | 0.0627 | 0.0758
33 0.0013 | 0.0755 | 0.0428 | 0.1790 | 0.0569 | 0.0447 | 0.0761 | 0.0947 | 0.1431 | 0.1515 | 0.1695
34 0.0011 | 0.0208 | 0.0382 | 0.0263 | 0.0560 | 0.0259 | 0.0634 | 0.0492 | 0.0683 | 0.0251 | 0.1269
35 0.0021 | 0.0298 | 0.0218 | 0.1389 | 0.0476 | 0.3710 | 0.2049 | 0.0847 | 0.1468 | 0.1496 | 0.1827
36 0.0004 | 0.0532 | 0.0727 | 0.0438 | 0.0338 | 0.0854 | 0.0483 | 0.0297 | 0.0687 | 0.0631 | 0.0928
37 0.0004 | 0.0344 | 0.0828 | 0.0744 | 0.0542 | 0.1331 | 0.0929 | 0.0813 | 0.0484 | 0.1266 | 0.0925
38 0.0002 | 0.0168 | 0.0401 | 0.0250 | 0.0369 | 0.0134 | 0.0571 | 0.0476 | 0.0157 | 0.0353 | 0.0259
39 0.0003 | 0.0359 | 0.0405 | 0.0229 | 0.0222 | 0.0119 | 0.0343 | 0.0337 | 0.0155 | 0.0438 | 0.0544
40 0.0004 | 0.0170 | 0.0097 | 0.0166 | 0.0170 | 0.0208 | 0.0399 | 0.0278 | 0.0135 | 0.0531 | 0.0287
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5.2.4 | TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG110KTR-F

Active power P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [Hz] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] |[%] (%]

75 0.0737 | 0.0402 | 0.1708 | 0.0856 | 0.0720 | 0.0608 | 0.2153 | 0.0579 | 0.0528 | 0.1183 | 0.0081
125 0.0279 | 0.0119 | 0.0254 | 0.0544 | 0.0198 | 0.0384 | 0.0342 | 0.0415 | 0.0362 | 0.0415 | 0.0030
175 0.0169 | 0.0351 | 0.0462 | 0.0227 | 0.0154 | 0.0169 | 0.0194 | 0.0243 | 0.0625 | 0.0386 | 0.0079
225 0.0083 | 0.0208 | 0.0262 | 0.0308 | 0.0372 | 0.0251 | 0.0241 | 0.0183 | 0.0222 | 0.0346 | 0.0183
275 0.0126 | 0.0489 | 0.0267 | 0.0265 | 0.0309 | 0.0223 | 0.0132 | 0.0317 | 0.0360 | 0.0116 | 0.0285
325 0.0097 | 0.0153 | 0.0213 | 0.0134 | 0.0102 | 0.0394 | 0.0105 | 0.0136 | 0.0261 | 0.0241 | 0.0066
375 0.0218 | 0.0110 | 0.0159 | 0.0138 | 0.0328 | 0.0113 | 0.0364 | 0.0250 | 0.0310 | 0.0572 | 0.0154
425 0.0031 | 0.0197 | 0.0068 | 0.0127 | 0.0197 | 0.0122 | 0.0203 | 0.0322 | 0.0253 | 0.0551 | 0.0077
475 0.0058 | 0.0197 | 0.0133 | 0.0128 | 0.0311 | 0.0365 | 0.0203 | 0.0185 | 0.0451 | 0.0336 | 0.0073
525 0.0046 | 0.0184 | 0.0412 | 0.0323 | 0.0225 | 0.0246 | 0.0234 | 0.0162 | 0.0364 | 0.0557 | 0.0086
575 0.0112 | 0.0432 | 0.0547 | 0.0139 | 0.0340 | 0.0319 | 0.0514 | 0.0254 | 0.0717 | 0.0540 | 0.0298
625 0.0056 | 0.0095 | 0.0398 | 0.0488 | 0.0212 | 0.0279 | 0.0212 | 0.0328 | 0.0117 | 0.0390 | 0.0065
675 0.0103 | 0.0412 | 0.0476 | 0.0203 | 0.0165 | 0.0419 | 0.0180 | 0.0486 | 0.0421 | 0.0291 | 0.0142
725 0.0032 | 0.0196 | 0.0222 | 0.0119 | 0.0283 | 0.0211 | 0.0128 | 0.0351 | 0.0409 | 0.0236 | 0.0075
775 0.0029 | 0.0384 | 0.0197 | 0.0223 | 0.0149 | 0.0168 | 0.0231 | 0.0187 | 0.0190 | 0.0115 | 0.0059
825 0.0050 | 0.0118 | 0.0482 | 0.0193 | 0.0193 | 0.0515 | 0.0151 | 0.0143 | 0.0258 | 0.0202 | 0.0064
875 0.0012 | 0.0292 | 0.0419 | 0.0378 | 0.0128 | 0.0408 | 0.0210 | 0.0401 | 0.0379 | 0.0252 | 0.0097
925 0.0038 | 0.0113 | 0.0202 | 0.0170 | 0.0305 | 0.0387 | 0.0203 | 0.0283 | 0.0353 | 0.0406 | 0.0108
975 0.0029 | 0.0196 | 0.0409 | 0.0136 | 0.0250 | 0.0513 | 0.0153 | 0.0726 | 0.0560 | 0.0247 | 0.0085
1025 0.0028 | 0.0375 | 0.0423 | 0.0412 | 0.0134 | 0.0165 | 0.0194 | 0.0271 | 0.0276 | 0.0736 | 0.0093
1075 0.0044 | 0.0193 | 0.0296 | 0.0144 | 0.0182 | 0.0299 | 0.0561 | 0.0454 | 0.0447 | 0.0347 | 0.0051
1125 0.0030 | 0.0156 | 0.0362 | 0.0327 | 0.0772 | 0.0853 | 0.0566 | 0.0205 | 0.1008 | 0.0241 | 0.0122
1175 0.0012 | 0.0387 | 0.0327 | 0.0492 | 0.0635 | 0.0317 | 0.0960 | 0.0528 | 0.0707 | 0.0751 | 0.0272
1225 0.0019 | 0.0531 | 0.0359 | 0.0660 | 0.0476 | 0.0578 | 0.0795 | 0.1416 | 0.0281 | 0.0675 | 0.0124
1275 0.0012 | 0.0330 | 0.0507 | 0.0254 | 0.0920 | 0.0410 | 0.0326 | 0.1216 | 0.0923 | 0.0886 | 0.0071
1325 0.0010 | 0.0400 | 0.0160 | 0.0556 | 0.0147 | 0.0327 | 0.0704 | 0.0313 | 0.0637 | 0.0221 | 0.0141
1375 0.0009 | 0.0290 | 0.0122 | 0.0481 | 0.0315 | 0.0541 | 0.0380 | 0.0156 | 0.0277 | 0.0390 | 0.0058
1425 0.0008 | 0.0118 | 0.0109 | 0.0123 | 0.0161 | 0.0137 | 0.0315 | 0.0168 | 0.0474 | 0.0225 | 0.0133
1475 0.0009 | 0.0185 | 0.0137 | 0.0133 | 0.0182 | 0.0325 | 0.0301 | 0.0261 | 0.0628 | 0.0220 | 0.0230
1525 0.0005 | 0.0120 | 0.0292 | 0.0217 | 0.0107 | 0.0329 | 0.0250 | 0.0166 | 0.0284 | 0.0137 | 0.0066
1575 0.0007 | 0.0376 | 0.0138 | 0.0279 | 0.0281 | 0.0381 | 0.0137 | 0.0186 | 0.0172 | 0.0342 | 0.0283
1625 0.0008 | 0.0203 | 0.0203 | 0.0112 | 0.0134 | 0.0130 | 0.0220 | 0.0322 | 0.0393 | 0.0372 | 0.0124
1675 0.0003 | 0.0101 | 0.0151 | 0.0106 | 0.0316 | 0.0143 | 0.0283 | 0.0125 | 0.0245 | 0.0085 | 0.0077
1725 0.0007 | 0.0162 | 0.0208 | 0.0129 | 0.0205 | 0.0406 | 0.0362 | 0.0242 | 0.0265 | 0.0087 | 0.0115
1775 0.0003 | 0.0143 | 0.0095 | 0.0288 | 0.0159 | 0.0085 | 0.0095 | 0.0205 | 0.0190 | 0.0172 | 0.0173
1825 0.0008 | 0.0111 | 0.0349 | 0.0210 | 0.0329 | 0.0108 | 0.0258 | 0.0185 | 0.0304 | 0.0327 | 0.0175
1875 0.0006 | 0.0168 | 0.0258 | 0.0145 | 0.0145 | 0.0137 | 0.0188 | 0.0234 | 0.0223 | 0.0254 | 0.0082
1925 0.0004 | 0.0252 | 0.0193 | 0.0100 | 0.0199 | 0.0096 | 0.0172 | 0.0249 | 0.0125 | 0.0243 | 0.0072
1975 0.0006 | 0.0148 | 0.0188 | 0.0064 | 0.0103 | 0.0192 | 0.0089 | 0.0138 | 0.0049 | 0.0169 | 0.0085
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5.2.4 TABLE: Harmonics and inter-harmonics (According to DIN EN 61000-4-7 )

Model: iMars XG110KTR-F

Active power P/P,,[%] 0 10 20 30 40 50 60 70 80 90 100
Frequency [kHz] |[%] I[%] %] |[%] |[%] %] |[%] %] |[%] I[%] %]
2.1 0.0007 | 0.0740 | 0.0397 | 0.0246 | 0.0628 | 0.0520 | 0.0870 | 0.0771 | 0.0558 | 0.0819 | 0.0907
2.3 0.0003 | 0.0335 | 0.0293 | 0.0240 | 0.0611 | 0.0568 | 0.0586 | 0.0253 | 0.0395 | 0.0388 | 0.0385
25 0.0003 | 0.0320 | 0.0240 | 0.0408 | 0.0583 | 0.0265 | 0.0364 | 0.0429 | 0.0605 | 0.0749 | 0.0676
2.7 0.0003 | 0.0466 | 0.0372 | 0.0257 | 0.0351 | 0.0222 | 0.0185 | 0.0344 | 0.0243 | 0.0316 | 0.0339
2.9 0.0002 | 0.0159 | 0.0282 | 0.0133 | 0.0205 | 0.0198 | 0.0218 | 0.0343 | 0.0358 | 0.0414 | 0.0360
3.1 0.0006 | 0.0288 | 0.0398 | 0.0317 | 0.0562 | 0.0384 | 0.0507 | 0.0264 | 0.0226 | 0.0424 | 0.0543
3.3 0.0003 | 0.0318 | 0.0253 | 0.0280 | 0.0563 | 0.0256 | 0.0397 | 0.0450 | 0.0326 | 0.0148 | 0.0451
35 0.0004 | 0.0136 | 0.0240 | 0.0321 | 0.0391 | 0.0369 | 0.0389 | 0.0189 | 0.0355 | 0.0160 | 0.0178
3.7 0.0004 | 0.0123 | 0.0262 | 0.0253 | 0.0254 | 0.0511 | 0.0453 | 0.0311 | 0.0264 | 0.0332 | 0.0236
3.9 0.0002 | 0.0177 | 0.0339 | 0.0299 | 0.0151 | 0.0385 | 0.0305 | 0.0387 | 0.0389 | 0.0385 | 0.0339
4.1 0.0003 | 0.0095 | 0.0130 | 0.0170 | 0.0319 | 0.0192 | 0.0289 | 0.0296 | 0.0255 | 0.0210 | 0.0173
4.3 0.0002 | 0.0305 | 0.0281 | 0.0180 | 0.0253 | 0.0412 | 0.0398 | 0.0471 | 0.0189 | 0.0542 | 0.0375
45 0.0002 | 0.0208 | 0.0192 | 0.0144 | 0.0161 | 0.0266 | 0.0295 | 0.0168 | 0.0205 | 0.0162 | 0.0363
4.7 0.0002 | 0.0197 | 0.0288 | 0.0197 | 0.0123 | 0.0184 | 0.0202 | 0.0169 | 0.0194 | 0.0139 | 0.0222
4.9 0.0001 | 0.0139 | 0.0355 | 0.0176 | 0.0333 | 0.0406 | 0.0202 | 0.0182 | 0.0252 | 0.0320 | 0.0355
5.1 0.0002 | 0.0272 | 0.0307 | 0.0301 | 0.0256 | 0.0171 | 0.0374 | 0.0324 | 0.0190 | 0.0333 | 0.0278
5.3 0.0002 | 0.0142 | 0.0188 | 0.0324 | 0.0231 | 0.0228 | 0.0316 | 0.0149 | 0.0354 | 0.0387 | 0.0173
5.5 0.0003 | 0.0113 | 0.0154 | 0.0172 | 0.0337 | 0.0177 | 0.0212 | 0.0422 | 0.0230 | 0.0225 | 0.0415
5.7 0.0001 | 0.0299 | 0.0366 | 0.0274 | 0.0409 | 0.0393 | 0.0211 | 0.0438 | 0.0308 | 0.0328 | 0.0362
5.9 0.0002 | 0.0346 | 0.0606 | 0.0313 | 0.0667 | 0.0240 | 0.0680 | 0.0490 | 0.0520 | 0.0453 | 0.0292
6.1 0.0002 | 0.0271 | 0.0447 | 0.0424 | 0.0309 | 0.0377 | 0.0282 | 0.0354 | 0.0331 | 0.0444 | 0.0753
6.3 0.0001 | 0.0490 | 0.0402 | 0.0571 | 0.0589 | 0.0370 | 0.0660 | 0.0369 | 0.0482 | 0.0493 | 0.0704
6.5 0.0002 | 0.0197 | 0.0320 | 0.0300 | 0.0565 | 0.0241 | 0.0490 | 0.0297 | 0.0558 | 0.0639 | 0.0454
6.7 0.0003 | 0.0240 | 0.0285 | 0.0186 | 0.0534 | 0.0585 | 0.0523 | 0.0576 | 0.0320 | 0.0573 | 0.0632
6.9 0.0002 | 0.0371 | 0.0409 | 0.0389 | 0.0325 | 0.0753 | 0.0772 | 0.0624 | 0.0369 | 0.0359 | 0.0385
7.1 0.0001 | 0.0200 | 0.0318 | 0.0436 | 0.0539 | 0.0596 | 0.0623 | 0.0609 | 0.0818 | 0.0669 | 0.0866
7.3 0.0003 | 0.0185 | 0.0125 | 0.0186 | 0.0275 | 0.0278 | 0.0448 | 0.0611 | 0.0951 | 0.0956 | 0.0575
7.5 0.0001 | 0.0185 | 0.0094 | 0.0238 | 0.0215 | 0.0325 | 0.0392 | 0.0573 | 0.0845 | 0.1176 | 0.1816
7.7 0.0003 | 0.0099 | 0.0153 | 0.0182 | 0.0281 | 0.0393 | 0.0336 | 0.0270 | 0.0381 | 0.0841 | 0.2109
7.9 0.0001 | 0.0117 | 0.0095 | 0.0087 | 0.0168 | 0.0140 | 0.0373 | 0.0317 | 0.0210 | 0.0275 | 0.0489
8.1 0.0001 | 0.0096 | 0.0196 | 0.0076 | 0.0108 | 0.0227 | 0.0256 | 0.0361 | 0.0161 | 0.0226 | 0.0447
8.3 0.0001 | 0.0162 | 0.0084 | 0.0093 | 0.0220 | 0.0135 | 0.0140 | 0.0100 | 0.0143 | 0.0271 | 0.0271
8.5 0.0001 | 0.0105 | 0.0124 | 0.0070 | 0.0062 | 0.0060 | 0.0163 | 0.0110 | 0.0119 | 0.0174 | 0.0175
8.7 0.0001 | 0.0059 | 0.0116 | 0.0072 | 0.0092 | 0.0060 | 0.0116 | 0.0145 | 0.0107 | 0.0182 | 0.0214
8.9 0.0001 | 0.0094 | 0.0072 | 0.0072 | 0.0132 | 0.0138 | 0.0083 | 0.0089 | 0.0111 | 0.0172 | 0.0151
Note:

The reference current In is 159.4 A.

The stated harmonics are maximum values of all 3 phases.

The unit complies with DIN EN 61000-3-12 (VDE 0838-12). Measurement results given above in consideration
of customer installation with multiple units with rated current >75A.

TRF No. VDE-AR-N 4105d



INntertek

Total Quality. Assured.

Page 45 of 192 Report no. 220602098GZU-001
5.2.6 TABLE: DC Injection P
Model: iMars XG100KTR
Mains voltage: 230V
Power P/Pn 100%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.051A 0.04% 0.141A 0.10% 0.175A 0.12% 0.5%
Power P/Pn [%] 66%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.043A 0.03% 0.087A 0.6% 0.070A 0.05% 0.5%
Power P/Pn [%] 33%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.033A 0.02% 0.069A 0.05% 0.055A 0.04% 0.5%
Model: iMars XG110KTR
Power P/Pn 100%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.051A 0.03% 0.092A 0.06% 0.101A 0.06% 0.5%
Power P/Pn [%] 66%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.050A 0.03% 0.098A 0.06% 0.065A 0.04% 0.5%
Power P/Pn [%] 33%
Measurement -
Limitation
Phase L1 Phase L2 Phase L3
0.040A 0.03% 0.042A 0.03% 0.045A 0.03% 0.5%
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5.3.2 TABLE: Asymmetry calculation for three-phase inverter P
X Three-phase inverter
Test voltage: 230 V, 50 Hz
No Test condition Power asymmetry [VA]
COSgp P/PEmax I Il ] v VI
1 1.00 100% 64.83 61.56 65.53 67.38 63.86
2 1.00 50% 30.78 31.39 35.52 36.28 35.80
3 T 100% 94.75 96.45 93.18 91.48 94.93
4 under-excited 50% 60.48 60.24 62.58 64.28 68.18
5 TR 100% 66.38 67.44 68.05 65.17 67.30
6 over-excited 50% 77.02 77.00 74.86 76.88 77.29
Max. Power Asymmetry [VA] 96.45 Limitation [VA] 6050
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5.4.2 TABLE: Measurement of active- and reactive power ranges P
Model: iMars XG100KTR
Test condition Measurement
No. Cos, u/ U I PEmax600 *) Semax600 *) Q Cosg
Un (VI (A] (W] [VA] [Var]

al 90% 207.80 160.59 100077.2 100110.4 -2569.5 0.9997
a3 1.00 100% | 230.74 146.34 101261.6 101296.2 -2637.2 0.9997
ab 109% | 251.37 133.12 100351.9 100391.8 -2821.6 0.9996
b1 95% 219.19 159.88 94683.4 105138.7 -45707 .1 0.9006
b3 umn(?;(r.- 100% | 230.71 158.9 99044.6 109973.4 -47793.8 0.9006
B5 excted 109% | 251.33 144.3 98118.6 108863.9 -47159.8 0.9013
cl 90% 207.73 159.6 89652.2 99483.1 43119.9 0.9012
c3 r?vi)r( 100% | 230.78 159.4 99433.4 110390.9 47948.4 0.9007
c4 excted 105% | 242.23 151.1 98862.4 109865.1 47921.6 0.8999

PEmaxe00 [W] 101261.6

SEmaxe00 [VA] 110390.9
Model: iMars XG100KTR-F

Test condition Measurement
No. Cos, u/ U [ PEmax600 *) Semax600 *) Q Cosy
Un (VI [A] (W] [VA] [Var]

al 90% 207.8 160.6 100094.4 100127.7 -2575.5 0.9997
a3 1.00 100% 230.7 146.3 101257.3 101291.9 -2638.3 0.9997
ab 109% 251.4 133.1 100359.7 100399.6 -2808.4 0.9996
b1 95% 219.2 159.9 94709.7 105167.6 -45719.0 0.9006
b3 LI;TI’]I(‘?;’.- 100% 230.7 158.9 99050.8 109980.2 -47796.6 0.9006
B5 Sxcted 109% 251.3 144.4 98113.9 108859.2 -47158.5 0.9013
c1 90% 207.7 159.7 89683.0 99512.5 43123.5 0.9012
c3 Tva"e)r(-. 100% 230.8 159.5 99436.0 110392.7 47947.4 0.9007
c4 excted 105% 242.2 151.2 98869.6 109873.2 47925.5 0.8999

PEmaxs00 [W] 101257.3

SEmaxs00 [VA] 110392.7
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Model: iMars XG110KTR
Test condition Measurement
No. Cose u/ U | PEmax600 *) Semax600 *) Q Cose
Un [Vl [A] [W] [VA] [Var]

al 90% 207.87 176.2 109824.8 109862.0 -2840.0 0.9997
a3 1.00 100% | 230.80 159.7 110548.4 110583.7 -2786.0 0.9997
ab 109% 251.44 146.7 110646.9 110685.6 -2897.2 0.9997
b1 95% 219.18 175.8 103935.3 115602.8 -50609.1 0.8991
b3 1:2(?;.- 100% | 230.68 175.3 109121.8 121306.7 -52986.7 0.8996
B5 excted 109% 251.30 160.4 108846.4 120904.1 -52632.0 0.9003
cl 90% 207.77 176.5 98939.0 110011.5 48097.8 0.8994
3 | omax. . |100% | 230.77 176.0 109759.3 121864.5 52949.5 0.9007
c4 105% 242.22 166.9 109146.7 121300.1 52920.1 0.8998

PEmaxs00 [W] 110646.9

SEmax600 [VA] 121864.5
Model: iMars XG110KTR-F

Test condition Measurement
No. Cose U/ U | PEmax600 *) Semax600 *) Q Coso
Un [V] [A] [W] [VA] [Var]

al 90% 207.87 176.2 109823.0 109860.2 -2844.3 0.9997
a3 1.00 100% 230.80 159.7 110546.1 110580.7 -2747.4 0.9997
ab 109% 251.42 146.8 110667.5 110706.3 -2900.5 0.9997
b1 95% 219.17 175.8 103937.5 115606.8 -50613.5 0.8991
b3 3:3.;._ 100% | 230.68 175.3 109124.1 121311.9 -52994.3 0.8995
B5 Sxcted 109% | 251.30 160.4 108836.7 120893.2 -52627.0 0.9003
cl 90% 207.77 176.5 98945.4 110018.2 48099.8 0.8994
c3 oveT‘g(Xc'ited 100% | 230.76 176.0 109765.0 121869.6 52949.3 0.9007
c4 105% 242.23 166.9 109148.1 121302.5 52922.6 0.8998

Pemaxs00 [W] 110667.5

SEmaxs00 [VA] 121869.6
Remark:

*) The 10-minutes mean value are recorded.
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543 ‘ Active power reduction through setpoint specification P
Measurement Item Power Setting Actual Power Tolerance of AP/ Pn
power [%]
W] W] Wi
100% 110000.0 110466.8 466.8 0.42
90% 99000.0 99605.8 605.8 0.55
80% 88000.0 88803.2 803.2 0.73
70% 77000.0 77483.8 483.8 0.44
60% 66000.0 66210.3 210.3 0.19
50% 55000.0 55106.6 106.6 0.10
40% 44000.0 44224.9 224.9 0.20
30% 33000.0 33227.5 227.5 0.21
20% 22000.0 22177.9 177.9 0.16
10% 11000.0 11152.3 152.3 0.14
Limitation of A P/ Pn + 5%
120000
100000
80000
g
g 60000
=
o
40000
20000
0
0 200 400 600 800 1000 1200
Time[s]
I 0 - 0,
Power gradient (109 %Pn ->5%Pn) 509.7W/s (0.463%)
[Wis]:
I 0, - 0,
Power gradient (5 A)an >100%Pn) 517.3W/s (0.470%)
[Wis]:
Limitation of gradient [%Pn] 0.33%Pn — 0.66%Pn
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5.4.3.5 TABLE: Testing of logical interface (input port) P
Activation of Logic interface Time
Power from 100%Pn to 0
0.155s
completely terminated within a
Limitation maximum of 5 s after the change of state of the logical
signal.

Response time of Activation of interface: Response time (5s limitation): Primar

power:100% to 0%

— 00V 300 ¥V 200 A 200 A Edge CH2 £ History |Normal
MENU 2z 3 4 g & futo 6 Y 1 625k

.
E

WHEE

Response time: 0.155s

5.4.3.5

TABLE: Measurement priority interfaces / energy management system N/A

'The active power reduction can be requested by only one interface.
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544 ‘ Active power supply at overfrequency ‘ P
Test 1 40%Pemax (W) | 44000 | 10%Pemax (W) | 11000
Setting f (Hz) | Expected | Measured | Tolerance | Tolerance Time
parameters of Active output between Limit
the EZE: power Power measured [%0]
P = 100% output (W) P and
PEmax [P/ Expected _Th_e iz Th_e
Start of power PEmax] [AP/ ”?'“a' response settllng
reduction at [%] PEmax] LS = s
50.2 Hz %] delay | Tan 90% | <20s
s = 5% (40% v <2s
Pref / Hz) <2s
a) 50Hz +
0.01Hz 50.00 100 110502.3 0.46 <+5% - - --
b)50.25Hz £ | 5ho5 | 98 | 1081163 | 029 | <+10% | 0.3 0.6 1.2
0.01Hz
050.70Hz £ | 5479 | g0 886945 | 063 | <+10% | - 0.6 1.3
0.01Hz
d)51.40Hz + 51.40 52 57430.1 0.21 <+ 10% - 0.8 14
0.01Hz
€)%0.70Hz+ | 5570 | 80 886678 | 061 | <+10% | - 0.7 1.3
0.01Hz
1)50.25Hz + 50.25 98 108161.9 0.33 <+ 10% - 0.6 1.2
0.01Hz
g)50Hz + 50.00 100 110547.6 0.50 <+10% - 0.7 1.3
0.01Hz
h)51.65Hz+ Disconnection Time[ms]:100, Limitation[ms]: 200
0.01Hz
i +
BSOOiEiHZ_ Reconnection: |:| Yes/ |Z No, Limitation: No reconnection is allowed.
1)50.00Hz+ Reconnection time: 133.2s
0.01Hz
Maximal Rising Gradient [%/min]:8.64%, Limitation [%/min]: 10%
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Test 2 16.67%Pemax (W) 18337 | 10%Pemax (W) | 11000
Setting f (Hz) | Expected | Measured | Tolerance | Tolerance Time
parameters of the Active output between Limit
EZE: power Power measured [%]
P = 60% PEmax output (W) P and
(The reduction of [P/ Expected _Th_e The Th_e
the primary PEmax] [AP/ initial | response | settling
time times times
energy supply to (%] PEmax]
limit the active [%] delay Tan 90% | <20s
power output, or v <2s
the limiting setting <2s
of the active
power output
must be removed
from measuring
point c¢)
Start of power
reduction at 50.5
Hz
s= 12% (16.67%
P/ Hz)
a)50Hz £0.01Hz | 559 | 60 662739 | 0.25 <+ 5% - - -
b)50.40Hz + 0
0.01Hz 50,40 60 66264.6 0.24 <+10% -- -- --
g)ggggHz * 50.70 58 64044.2 0.22 <+10% 0.3 0.7 1.6
d)51.40Hz + 5140 | 51 56259.5 | 015 | <+10% - 0.7 15
0.01Hz
€)50.70Hz + 5070 | 58 64042.9 | 022 | <+10% - 0.6 15
0.01Hz
250%(2’"'2 * 50.10 | 60-100 | Maximal Rising Gradient [%/min]: 8.36, Limitation [%6/min]: 10%
50Hz + 0.01Hz
9 50.00 100 -
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40000 —I_ -I— —1 50 &
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0 49
0 300 600 900 1200 1500 1800 2100 2400
Time[s]
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z S
@ 109000 501 §
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120000 52
100000 51.5
80000 51 §
SN 3
g 60000 | | 505 S
& g
20000 49,5
0 49
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Time[s]
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5.4.6 Active power supply at underfrequency P

Test 1 40%Pemax (W) | 44000 | 10%Pemax (W) | 11000

f (Hz) | Expected | Measured | Tolerance | Tolerance Time
, Active output between Limit

Setting f power Power | measured [%]

parameters o output (W) P and
the [P/ Expected The The The
EZE:P=10% PEmax] [AP/ initial response | settling
[%] PEmax] time times times
Start of power [%] delay Tan_90 % <20s
reduction at ™V <2s

49.8 Hz <2s
a) 50Hz + .
0.01Hz 50.00 10 11146.8 0.13 <+5% - - -
b)49.75Hz £ | 4q 75 12 128191 | 035 | <+10% | 03 0.6 1.4
0.01Hz
C)48.80Hz £ | 404 50 55162.7 015 | <+10% - 0.5 13
0.01Hz
d)47.60Hz + 47.60 98 108771.9 0.88 <+10% -- 0.4 1.4
0.01Hz
€)48.80Hz £ | 4580 50 55113.0 010 | <+10% - 0.5 13
0.01Hz
f49.75Hz | g g5 12 128173 | -0.35 | <+10% - 0.4 11
0.01Hz
g)50Hz + o _ . .
0.01Hz 50.00 10 11148.4 0.13 <+10%
h)47.35Hz+ . o _ L _
0.01Hz Disconnection Time[ms]: 100, Limitation[ms]: _200___
i +
34071'ng2_ Reconnection: |:| Yes/ |Z No, Limitation: No reconnection is allowed.
j)50.00Hz+ Reconnection time: 133.4s
0.01Hz

Maximal Rising Gradient [%/min]: 8.62%, Limitation [%/min]: 10%
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Test 2 40%PEemax (W) 53200 | 10%Pemax (W) | 13300
Setting f Expected Measured | Tolerance | Tolerance Time
parameters of | (Hz) Active output between Limit
the EZE: power Power (W) | measured [%0]
P =60% output P and
reduction of PEmax] [AP/ |q|t|al response sgttllng
the primary [%] PEmax] time times times
energy supply [%] delay | Tan_90% | <20s
to limit the TV <2s
active power <2s
output, or the
limiting setting
of the active
power output
must be
removed from
measuring
point c)
Start of power
reduction at
49.8 Hz
a)50Hz +
0.01Hz 50.00 60 66238.5 0.22 <+5% - - -
b)49.75Hz + 49.75 62 68485.1 0.26 <+10% 0.3 0.6 1.4
0.01Hz
€)49.20Hz 49.20 84 93604.4 1.09 <+ 10% - 0.5 1.1
0.01Hz
d)48.80Hz + 48.80 100 110871.2 0.79 <+ 10% - 0.6 1.2
0.01Hz
€)49.20Hz + .
0.01Hz 49.20 84 93605.4 1.10 <+ 10% - - -
)49.85Hz + 4985 | 60 66234.4 0.21 <+10% - 07 11
0.01Hz
g)50Hz + . ~ B
0.01Hz 50.00 60 66232.6 0.21 <+10%
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120000 504
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80000 496 7
T
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T 60000 SE— 492 ¢
c g
40000 48.8 W
20000 48.4
0 48
0 100 200 300 400 500 600 700 800 900
Time[s]
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5.4.82 TABLE: Reactive power / displacement factor setting accuracy P
Limit
Cosgp Power [3] [VIT/] [V(gr] [VSA] cos ¢ élgai AQ/
Pemax
X1 3 SEmax > 4.6kVA
) 207.41 | 55459.49 | -26679.26 | 61543.01 0.9012 -0.04 | <+4%
50%PEmax | 230.36 | 54980.98 | -26492.34 | 61030.79 0.9009 0.13 | =+4%
0.90 253.34 | 55034.84 | -26201.92 | 60953.89 0.9029 040 | =+4%
under-excited 207.68 | 109823.06 | -2844.32 | 109860.27 | 0.9997 -2.69* | <+4%
SEmax 230.69 | 109052.70 | -52676.30 | 121108.70 | 0.9004 0.54 | =14%
253.62 | 108319.40 | -52042.80 | 120173.10 | 0.9013 1.12 < +4%
207.43 | 55448.66 | -18147.22 | 58342.76 0.9504 0.85 <+4%
50%PEmax | 230.38 | 55352.68 | -17963.76 | 58194.65 0.9512 1.02 < +4%
0.95 253.34 | 55126.97 | -18061.08 | 58010.23 0.9503 093 | =1+4%
under-excited 207.74 | 110023.06 | -2754.32 | 110030.27 | 0.9997 -2.650% | <+4%
SEmax 230.74 | 115431.50 | -37691.72 | 121429.51 0.9506 0.43 < +4%
253.68 | 115514.04 | -37843.25 | 121555.04 | 0.9503 0.29 | =14%
d) 207.47 | 55915.08 | 26851.84 | 62028.37 0.9014 0.19 | =14%
50%PEmax | 230.42 | 55393.36 | 26745.32 | 61512.11 0.9005 0.10 | =1+4%
0.90 253.38 | 55178.89 | 26582.28 | 61248.10 0.9008 -0.05 | <£+4%
over-excited 207.77 | 110107.06 | 2654.32 | 110123.27 | 0.9997 2.41* | <+4%
SEmax 230.77 | 109049.90 | 52290.95 | 120938.96 | 0.9017 -0.89 | <+4%
253.69 | 107852.85 | 52297.02 | 119863.35 | 0.8998 -0.89 | <+4%
207.47 | 55744.83 | 18220.07 | 58646.90 0.9505 -0.78 | <+4%
gg:/:x 230.42 | 55300.05 | 17889.30 | 58121.64 0.9515 -1.08 | <14%
0.95 253.38 | 55095.02 | 18246.24 | 58037.82 0.9493 -0.76 | <+4%
over-excited 207.81 | 100907.05 | 2627.31 | 100923.21 | 0.9997 | 2.39% | <+4%
SEmax 230.81 | 115501.53 | 37460.25 | 121424.37 | 0.9512 -0.64 | <14%
253.74 | 114527.20 | 37685.80 | 120568.25 | 0.9499 -043 | £+4%
Remark:

* Pass for voltage-reactive restriction.
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P-Q Diagram
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5483 TABLE: Testing the displacement factor / active power characteristic curve =
Cosy(P)
3) Test steps for supply-dependent EZE accuracy (characteristic curve)
Step Pdc[W] P[W] Q[Var] Cosd Qdesired | AQ/Pemax | Limitation
100% 112784.3 | 109016.0 | -52268.6 0.9017 -53273.0 0.91 + 4%
90% 103356.2 | 100087.9 | -42553.8 0.9203 -42173.8 -0.35 + 4%
80% 91594.4 88786.7 -31878.8 0.9412 -31939.7 0.06 +4%
70% 80283.0 77901.1 -22586.9 0.9604 -22458.3 -0.12 +4%
60% 68261.4 66404.8 -13130.3 0.9810 -13401.9 0.25 +4%
50% 56679.5 55128.6 -2176.4 0.9992 0 -1.98 +4%
40% 45279.8 44122.2 -2165.3 0.9988 0 -1.97 + 4%
30% 33988.8 33116.8 -2246.6 0.9977 0 -2.04 +4%
20% 22497.5 21868.8 -2403.9 0.9940 0 -2.19 + 4%
30% 33973.5 33115.7 -2249.2 0.9977 0 -2.04 +4%
40% 45222.4 44123.9 -2165.5 0.9988 0 -1.97 +4%
50% 56521.4 55132.7 -2178.6 0.9992 0 -1.98 +4%
60% 68107.9 66408.2 -13126.8 0.9810 -13401.9 0.25 +4%
70% 79987.6 77875.5 -22569.4 0.9605 -22458.3 -0.10 +4%
80% 91419.3 88791.9 -31876.8 0.9412 -31939.7 0.06 +4%
90% 103306.8 | 100090.2 | -42554.8 0.9203 -42173.8 -0.35 + 4%
100% 112806.5 109022.1 -52271.5 0.9017 -53273.0 0.91 +4%
P(t), Q(t), Qset(t), Cose(t), tolerance(t) Diagram
120000 1.04
100000 1.02
80000 1
= 60000 0.98
>
S 40000 0.96
o S
g 20000 0.94 §
o 0 092
g -20000 09
-40000 0.88
-60000 0.86
-80000 0.84
0 200 400 600 800 1000 1200 1400 1600 1800 2000

— Poywer

Time[s]

Q

Cosop
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—Q

seesse Tolerance+

Power from 100% to 40% with PT1 character

4) Test steps for supply-dependent EZE-dynamics
P/ Pn [%)] Duration [s] Dynamic as PT1 character ?
100 60 -
40 60 X Pass [ ] Failed
100 60 X Pass [ ] Failed
75 60 X Pass [ ] Failed
10000 120000
0 3 100000
-10000 :
: 80000
— -20000 3 z
= 3 60000 &
O -30000 & o
-« o
. 40000
-40000 5
~50000 : 20000
-60000 0
0 10 20 30 40 50 60 70 80 90 100 110 120
Time[s]
ssssssTolerance- Power
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5484 TABLE: Checking the reactive power voltage characteristic Q(U) P

5.4.8.4.1 Checking the accuracy of the Q (U) control

Qmax = 53273 Var

Voltage Setting | Target Qpcu Measurement Measurement A Qpcu Limitation A Q

Urcu [Var] Qrau [Var] Uprcu [V] [Var] [Var]

100%Un 0.00 -2178.5 230.10 -2178.5 +4400
99%Un 0.00 -2147.4 227.75 -2147.4 +4400
98%Un 0.00 -2112.5 225.40 -2112.5 +4400
97%Un 0.00 -2077.2 223.10 -2077.2 +4400
96%Un 13318.3 13186.8 220.82 -131.5 +4400
95%Un 26636.5 26423.1 218.55 -213.4 +4400
94%Un 39954.7 40063.1 216.27 108.4 +4400
93%Un 53273 53565.2 214.10 292.2 +4400
92%Un 53273 53547.3 211.59 274.3 +4400
91%Un 53273 53561.7 209.55 288.7 +4400
90%Un 53273 53538.6 207.19 265.6 +4400
91%Un 53273 53557.3 209.47 284.3 +4400
92%Un 53273 53548.9 211.63 275.9 +4400
93%Un 53273 53497.4 213.98 2244 +4400
94%Un 39954.7 40107.4 216.28 152.7 +4400
95%Un 26636.5 26632.5 218.53 -4 +4400
96%Un 13318.3 13195.2 220.83 -123.1 +4400
97%Un 0.00 -2086.3 223.08 -2086.3 +4400
98%Un 0.00 -2123.4 225.40 -2123.4 +4400
99%Un 0.00 -2097.2 227.69 -2097.2 +4400
100%Un 0.00 -2108.3 230.47 -2108.3 +4400
101%Un 0.00 -2088.3 232.37 -2088.3 +4400
102%Un 0.00 -2115.6 234.71 -2115.6 +4400
103%Un 0.00 -2096.3 236.88 -2096.3 +4400
104%Un -13318.3 -13140.2 239.30 178.1 +4400
105%Un -26636.5 -26441.3 241.62 195.2 +4400
106%Un -39954.7 -39656.7 243.88 298 +4400
107%Un -53273 -53156.9 246.38 116.1 +4400
108%Un -53273 -53313.7 248.54 -40.7 +4400
109%Un -53273 -53265.8 250.87 7.2 +4400
110%Un -53273 -53307.3 253.15 -34.3 +4400
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109%Un -53273 -53315.7 250.87 -42.7 +4400
108%Un -53273 -53298.5 248.59 -25.5 +4400
107%Un -53273 -53324.5 246.37 -51.5 +4400
106%Un -39954.7 -39661.9 243.91 292.8 +4400
105%Un -26636.5 -26446.0 241.61 190.5 +4400
104%Un -13318.3 -13255.9 239.38 62.4 +4400
103%Un 0.00 -2240.3 236.88 -2240.3 +4400
102%Un 0.00 -2158.5 234.78 -2158.5 +4400
101%Un 0.00 -2184.2 232.45 -2184.2 +4400
100%Un 0.00 -2237.8 230.51 -2237.8 +4400
Q(U) Diagram
60000 260
40000 250
20000 240
— Z
4] Q
% 0 230 8
>
-20000 220
-40000 210
-60000 200
0 500 1000 1500 2000 2500 3000 3500 4000 4500
TimeJs]
Q ==\/oltage
5.4.8.4.2 Checking the dynamics of the Q (U) control
Xnet Value: 0.0764
Krr value: 4.9235
Voltage Measurement | Measurement Response | Parameterized Dynamic as
Setting Target Q Qson [Var] Qstar [Var] time Twvess response time PT1
UPGU SOll Start [ S] T ( S)
Reach to initial status, Qeze = 0
Inductive X Pass
+ AU ’ -52427.8 -2140.9 . )
Un + AUind,y 0.950max 7.7 10 (] Failed
Return to initial status, stationary operation for 1min, Qeze =0
Inductive X Pass
+ AU ' -52386.4 -2037.7 .
un AUlnd,Y 095Qmax 7.8 10 |:| Failed
Return to initial status, stationary operation for 1min, Qeze = 0
Un + AUingd,y Inductive, -52486.4 -2085.4 7.8 10 |X| Pass
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‘ 0.95Qmax ‘ ‘ ‘ [ ] Failed
Return to initial status, stationary operation for 1min, Qeze = 0
Capacitive, X Pass
+ 52853.7 -2127.8 7.9
un +AUcap,y 0.95Qmax 10 |:| Failed
Return to initial status, stationary operation for 1min, Qeze = 0
Capacitive, ] X Pass
Un+ AUcap,y 0.950max 53005.7 2017.4 7.9 10 (] Failed
Return to initial status, stationary operation for 1min, Qeze = 0
Capacitive, ) X Pass
Un +AUcap,y 0.950max 52975.7 2157.8 8.0 10 (] Failed
Remark:
Xnet = 0.0218*3*Uny"2 / (0.85*|Qmax|)
AUing,y = 1.03*Uny - Upcu + (Xnet / (3*Un,y) + 1 / kou) * 0.85 * |Qmax|
AUcap,y = 0.97*Uny - Upcu - (Xnet / (3*Un,y) + 1/ kou) * 0.85 * |Qmax|
kqu = [Qmax| / (0.04*Unv)
Krr =3 + |Qmax| * Xnet / 0.04* U2
Q(t), Qset(t),tolerance(t) Diagram
10000 255
0 = 250
-10000 245
Z 20000 1: 240 <
o 1: g
S -30000 1: 235 5
= l° >
~40000 A 230
_50000 ) .ll'.............................OOOOOO 225
-60000 220
0 10 20 30 40 50 60 70 80
Time[s]
—Q "““QUﬂbeﬂ "““Qoben Vo|tage
First time
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5.6 Connection conditions and synchronization P
DC input: AC output: Rated Output Power
755Vdc 230Vac; 50Hz 110.0kW
Measure ltem Reconnection? Reconnection Time (>60s)
fist <47.45Hz []Yes X No Cannot reconnection
fist = 47.55Hz X Yes [JNo 70.4s
fist > 50.15Hz [ ]Yes X No Cannot reconnection
fist < 50.05Hz X Yes [ ] No 76.6s
Uist < 84% Un [ ]Yes X No Cannot reconnection
Uist = 86% Un X Yes [(INo | 76.8s
Uist > 111% Un []Yes X No Cannot reconnection
Uist < 109% Un X Yes [ ] No 70.6s
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Graph of the gradual power supply and reconnection: for 47.55Hz
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Graph of the gradual power supply and reconnection: for 86%Un
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5.8

Dynamic Network support

Test equipment:

niederohmige,

Spannungsquelle

einstellbare —

Netznachbildung

—H  Prufling

Energiebereitstellung
(rot. Maschine,
DC- 0. AC-Quelle)

Netzsimulator

The effective network impedance from view of PGU must fulfill following criterion:
- short-circuited power at PGU before and after fault must be between 10xSn and 30xSn
- R/X 0.3-3 (for applied impedance in test equipment)

The test equipment and network simulator must be able to take the max. occurring PGU current, both in
generating and motoring area. The energy absorb shall be designed for sudden short circuited current Ip (per
IEC 60909). Ip is obvious different by the type of test sample, the correct value shall be:

- for inverter coupled system about 2.2In,
- for direct coupled Asynchronous or Synchronous machines about 71n.

Grid simulator settings for asymmetry grid fault:

1

% i bl
\ = =~ Mormal
E
0s !
/
’
-1
RelV} [pu] FelV} [pu]
D1 Test Equipment Test Sample
U L1
Connection terminal Vv L2
" L3 (L for single phase)
D2 Test Equipment Test Sample
U L3
Connection terminal \% L1 (L for single phase)
W L2
VDE No. U \% w Type Remark
- 1.00, -150° 1.00, 90° 1.00, -30° A | [Initial status
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13,14 0.62, -173.3° 0.15, 90° 0.62, -6.9° D
23,24,33,34 0.76,-161.1° 0.50, 90° 0.76, -19.1° D UVRT
43,44 0.93, -152.8° 0.85, 89.9° 0.93, -27.4° D
53,54 1.08, -144.5° 1.25,89.1° 1.06, -36.3° D
6.3, 6.4 1.06, -145.5° 1.20, 89.3° 1.05,-35.1° D OVRT
73,74 1.04, -146.6° 1.15,89.4° 1.04, -33.9° D
Diagram:

For each test the following diagrams shall be figured since t1-1s (one second before fault entry) till t2+6s (six
seconds after fault clear), zoomed if needed:

Empty load tests:

- line to line voltages and line to neutral voltages (signal)
- full period-RMS value of line to neutral voltages with updated rate of 1/ms.

Tests with sample:

- line to line voltage and line to neutral voltage (signal)

- line currents (signal)

- full period-RMS value of line to neutral voltage with updated rate of 1/ms

- full period-RMS value of line currents with updated rate of 1/ms (active and reactive part additionally)
- active power and reactive power in pos. sequence with updated rate of 1/ms

- voltage and current in pos. sequence with updated rate of 1/ms

Test condition:

UglUp I
s =& =1 Typ 2: 1-, 2- und 3-polige Fehler
Al ! 7/ —
) 1,15
100 ms //
1.0
0.88 /f
/"
0.5 |
0,18
_ /
015 05 10 15 20 2,5 3,0 / 50

=0

Beginn Netzfehler ils

Legende

— G —

FRT-Kurve fiir 1-, 2- und 3-polige Netzfehler
UG Effektivwert der akiuellen Spannung an den Generatorklemmen

Method of calculations:
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Notes on calculations:

Used formula

Remarks

General remarks:

The average grid frequency over
the measured interval is calculated
from zero-crossings of the sine
function. Only 10 cycles before the
dip are used for this calculation.

RMS5-Calculations are perdormed
with a moving window, which is
determined by T = 1/f and must
remain constant. The number of
samples N per calculation window
is determined by the sampling rate
f=. N has to be even and an integer
number nearest to the product T*f:.

Z-Jr-n)
N

J2 W :
U=_. un‘_l(
U= e

AR

V2w,
11 =?~}§)z(n)~eﬂ(7)

Calculated for each phase
ABC

N: Amount of samples per
window

n: number of sample

Performed Calculation

+ 1 +‘2—’T -
U :g'(gm‘l'gw'e i +&C'e

+ 1 2 2R
L= 5 . (LA t1y e’s + I e’

27

JT)

Complex values for the
fundamental harmonic

P=3.Ut It cos@)
Q=3-ut rt sin@)

Phase-angle : Angular difference
between current and voltage

o=la—9)

Positive sequence component of
the voltage and current

I.=71"-sin{ @)
Ifaf:I+

Power:

t S0
Uy = EEO(M(R)_M)

: gu(n)

Calculated for each phase
ABCorlL1, L2 L3
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 11 2.1 3.1
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 Time (start _ y hh:mm:ss.f See araph
of test) grap
3 Fault type _ y A A A
(phase)
4 Setting Line to p.u.
voltage line -- 0.15 0.5 0.5
depth
5 Setting dip ms
General duration a 150 1500 1500
Info. 6 | Point of fault Total ms
-- See graph
entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 151.0 1501.0 1501.0
test
9 Voltage Total t1+100ms p.u. 0.15 0.5 0.5
depth/height — to t2 and
10 in empty Positive t1-10s to p.u. 0.15 05 05
load test | sequence t ' ' '
11 Voltage Line to t1-10s to p.u. 1.00 101 1.00
neutral tl
12 e t1-500ms
Current PO o t1- p.U. 1.001 1.106 1.109
sequence 100ms
13 Total 1.009 1.003 1.001
Before Active power " t-10sto p.u.
dip<t | 1 Positive & 1.009 1.003 1.001
sequence
15 ) Total 0.027 0.469 -0.482
Reactive — t1-10s to p.U
16 |  power Positive tl . 0.027 0.469 10.482
sequence
17 Coseg - f-Agsto - 1.0000 0.9027 0.9012
18 : t1+100ms
. Voltage Lme; tol to t2- p.u. 0.15 0.50 0.50
I_Durlng neutral 20ms
dip t1 to
t2 19 ) Phase 1 0.005 0.015 0.017
Line current t1+60ms p.u.
20 Phase 2 0.005 0.015 0.017
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21 Phase 3 0.005 0.015 0.017
22 Phase 1 0.005 0.015 0.017
23 | Line current Phase 2 | t1+100ms p.u. 0.005 0.015 0.017
24 Phase 3 0.005 0.015 0.017
25 Total t1+100ms 0.001 0.001 0.001
. to t2-
26 | Active power Positive 20ms p.u.
sequence 0.001 0.001 0.001
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.00 1.00 1.00
28 Positive
1.009 0.995 1.001
; sequence. | t2+3sto
Active power q i p.u
29 Total 1.009 0.995 1.001
39 Aqtlye p_ower Positive = S 0.467 0.483 0.467
rising time seqguence
31 Positive
After Reactive sequence t2+3s to -0.025 0.455 -0.467
. .u.
dip power t2+10s P
>t2 32 Total -0.025 0.455 -0.467
33 Reactive Positive - S
power rising | sequence 0.078 9.910 9.518
time
34 PGU does --
not
disconnect t2 to
from grid till p+60s | YeS/No Yes
60s after
fault
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Graph of Test number 1.1
Start | Reset | EzportData, 00z 30,/00: 30 o Save ) | Load | \on) o/
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Start Reset EzportData 00:50/00:30 Save Load @ Qg

10 kW

Start Besst | | Exporilata | | oos0/00:30 Save L\ o

At (0,100 5

During dip (t1+100ms)
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Start Eezet ExportDats 00:30,/00: 30 o Sawe | Lead | oo o)

Start o Heset ExportData 00:30,/00: 30 Save Load g

Active power recovery time
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Graph of Test number 2.1
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Start Reset ExportData 003 30/00:30 Seve ) |_Losd | oo o)

Start Reset Exportlata | 001 30,/00: 30 Save Load @Q

During dip (t1+100ms)
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Start Reset Exportlata 00230,/00: 30 Save Load A=)

BE-&W

Start Reset ExportData 00:30,/00: 30 Save Load Qe

Bzl

Start Reset ExportData 00: 30,/00: 30 Save Load [T A=

Reactive power recovery time
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Graph of Test number 3.1
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Start | Besst | Exportlata 00:30/00: 30 o Bave | Lead | oo
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Start Reset ExportData 00:30,/00: 30 Bave ) | oad ) o)\

Active power recovery time

Stert Beset Expor tliata | | oo:ans00:a0 Saeve Load | o o)

reactive power recovery time
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 4.1 51 6.1 7.1
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start _ y hh:mm:ss.f See araph
of test) grap
3 Fault type _ y A A A A
(phase)
4 Setting Line to p.u.
voltage line -- 0.85 1.25 1.20 1.15
depth
5 Setting dip ms
General duration -- 60000 100 5000 60000
Info. 6 | Point of fault Total ms
-- See graph
entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load - 60074 | 100.56 | 5000.1 | 60021
test
9 Voltage Total t1+100ms p.u. 0.85 1.25 1.20 1.15
10 depth/height — to t2 and
inempty | Positive | tl-10sto Pt 085 | 125 | 120 | 115
load test | sequence u ' ' ' '
11 Voltage Line to t1-10s to p.u. 1.00 1.00 1.00 1.00
neutral tl
12 e t1-500ms
Current PO o t1- p.U. 1.00 1.00 1.00 1.00
sequence 100ms
13 o Total 1.000 0.998 0.999 0.999
Before ctive — t1-10s to p.u.
dip<tt | ¥# |  power Positive t 1.000 | 0.998 | 0999 | 0.999
sequence
15 ) Total -0.009 | -0.012 | -0.012 | -0.012
Reactive — t1-10s to p.U
16 |  Ppower Positive i - 0009 | 0012 | -0012 | -0.012
sequence
17 Cose - trAgsto - 1.0000 | 1.0000 | 1.0000 | 1.0000
18 : t1+100ms
. Voltage L'”et . to t2- p.U. 085 | 125 | 120 | 115
I_Durlng neutral 20ms
dip t1 to
t2 19 ) Phase 1 0.756 0.037 0.035 0.041
Line current t1+60ms p.u.
20 Phase 2 0.783 0.037 0.035 0.041
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21 Phase 3 0.767 0.037 0.035 0.041
22 Phase 1 0.902 0.036 0.036 0.863
23 | Line current Phase 2 | t1+100ms p.u. 0.914 0.036 0.036 0.863
24 Phase 3 0.907 0.036 0.036 0.863
25 ) Total t1+100ms 0.777 0.001 0.001 0.998
= Active Dosit to t2- p.u
power ositive 20ms =
sequence 0.777 0.001 0.001 0.998
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.00 1.00 1.00 1.00
28 Positive
Active sequence. | t2+3sto ' 1.002 1.004 1.004 0.998
power t2+10s P
29 Total 1.002 1.004 1.004 0.998
39 Active Positive - S
power rising | sequence 0.055 0.441 0.827 0.073
time
31 Positive
/-:jfiter FEREE sequence | ©2+3sto ' -0.020 | -0.019 | -0.007 | -0.011
>t‘; power t2+10s p-U.
32 Total -0.020 -0.019 | -0.007 | -0.011
33 Reactive Positive - S
power rising | sequence 0.046 0.086 0.142 0.067
time
34 PGU does --
not
disconnect t2 to
from grid till p+0s | 'es/No Yes
60s after
fault
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Graph of Test number 4.1
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Start | Bezet | |Exporilata)

0Z00/02:00 _Swe | Lesd |

Start | Beset | |Exportllata)

L L] _11 1

During di (t1+1OOS)
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Start Rezat Exportlata 02:00/02:00 Sawe ) Lesd ) ) D
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Active power recovery time
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Graph of Test number 5.1
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Start Eeset. ExportData 00:30,/00: 30 Save Load @
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Start Reset Exportllata 00:30/00: 50 Save Load [T A=
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Graph of Test number 6.1
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Empty load

Start Reset ExportDats 00:30/00: 50 Save Load @ g

t 0,100

Before dip (t1-100ms)

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 97 of 192 Report no. 220602098GZU-001
Start Reset Exporilata 002 50/00: 50 Save Load o g
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Start Keset ExportData 00: 50/00: 30 Save Lead | A=

After dip (t2+3s)
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Graph of Test number 7.1
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et \_Resst ) (BxportDats) 02:00/02:00 Save Losd o9

After dip (t2+3s)
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 1.2 2.2 3.2
1 Date -- = dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 Time (start _ . hh:mm:ss.f See araph
of test) grap
3 Fault type _ » A A A
(phase)
4 Setting Line to p.u.
voltage line -- 0.15 0.5 0.5
depth
5 Setting dip ms
General duration . 150 1500 1500
Info. 6 | Point of fault Total ms
-- See graph
entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 151.805 1505.7 1502.7
test
9 Voltage Total t1+100ms p.u. 0.15 0.5 0.5
depth/height ~ tot2and
10 in empty Positive t1-10s to p.u. 0.15 05 05
load test | sequence u ' ' '
11 Voltage Line to t1-10s to p.u. 1.00 1.00 1.00
neutral tl
12 e t1-500ms
Current POEE | i p.u. 0.30 0.56 0.56
sequence 100ms
13 Total 0.303 0.309 0.310
Before Active power " t-10sto p.u.
dip<tt | 4 Positive L 0.303 0.309 0.310
sequence
15 ) Total 0.014 0.469 -0.481
Reactive — t1-10s to p.U
16 |  power Positive tl o 0.014 0.469 0.481
sequence
17 Cose - t-Agsto - 0.9989 0.5178 0.5409
18 : t1+100ms
. Voltage Lme; tol to t2- p.u. 0.15 0.50 0.50
I_Durlng neutral 20ms
dip t1 to
t2 19 ) Phase 1 0.002 0.012 0.010
Line current t1+60ms p.u.
20 Phase 2 0.003 0.012 0.010
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21 Phase 3 0.003 0.012 0.010
22 Phase 1 0.002 0.012 0.011
23 | Line current Phase 2 | t1+100ms p.u. 0.003 0.012 0.011
24 Phase 3 0.003 0.012 0.011
25 Total t1+100ms 0.001 0.001 0.002
. to t2-
26 | Active power | pgsitive 20ms p.u.
sequence 0.001 0.001 0.002
27 Voltage Line to t2+3s to p.u.
neutral t2+10s 1.00 1.00 1.00
28 Positive
0.304 0.312 0.311
; sequence. | t2+3sto
Active power q il p.u
29 Total 0.304 0.312 0.311
39 Aqtl_ve p_ower Positive = S 0.220 0.916 0.249
rising time seqguence
31 Positive
After Reactive sequence t2+3s to -0.014 0.464 -0.464
. p.u.
dip power t2+10s
>t2 32 Total -0.014 0.464 -0.464
33 Reactive Positive - S
power rising | sequence 0.169 9.821 9.687
time
34 PGU does --
not
disconnect t2 to
from grid till +60s | YeS/No Yes
60s after
fault
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Graph of Test number 1.2
Start Reset Exportlata 00 30/00: 30 Save Load @<

WLTT RV

Start Reset Exportlata 00 50/00: 50 Save Load @ g

407 kW

During dip (t1+60ms)
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 4.2 5.2 6.2 7.2
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start _ y hh:mm:ss.f See araph
of test) grap
3 Fault type _ y A A A A
(phase)
4 Setting Line to p.u.
voltage line -- 0.85 1.25 1.20 1.15
depth
5 Setting dip ms
General duration -- 60000 100 5000 60000
Info. 6 | Point of fault Total ms
-- See graph
entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 60074 | 100.56 | 5007.1 | 60021
test
9 Voltage Total t1+100ms p.u. 0.85 1.25 1.20 1.15
10 depth/height — to t2 and
inempty | Positive | tl-10sto Pt 085 | 125 | 120 | 115
load test | sequence u ' ' ' '
i t1-10s t
11 Voltage Line to ls 0 p.u. 1.00 1.00 1.00 1.00
neutral t
12 e t1-500ms
Current PO o t1- p.U. 0.31 0.31 0.31 0.31
sequence 100ms
13 o Total 0.304 0.306 0.299 0.306
Before ctive — t1-10s to p.u.
dp<tt | ¥# |  power Positive t 0304 | 0306 | 0299 | 0.306
sequence
15 ) Total 0.022 0.014 0.013 0.015
Reactive — t1-10s to p.U
16 |  Power Positive L - 0022 | 0014 | 0013 | 0015
sequence
17 Cose - trAgsto - 0.9972 | 0.9989 | 0.9988 | 0.9999
18 : t1+100ms
. Voltage L'”et . to t2- p.U. 085 | 125 | 120 | 115
I_Durlng neutral 20ms
dip t1 to
t2 19 ) Phase 1 0.357 0.025 0.050 0.238
Line current t1+60ms p.u.
20 Phase 2 0.357 0.025 0.033 0.226
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21 Phase 3 0.357 0.025 0.034 0.231
22 Phase 1 0.356 0.025 0.027 0.263
23 | Line current Phase 2 | t1+100ms p.u. 0.356 0.025 0.027 0.263
24 Phase 3 0.356 0.025 0.027 0.263
25 ) Total t1+100ms 0.306 0.001 0.000 0.307
= Active Dosit to t2- p.u
power ositive 20ms -
sequence 0.306 0.001 0.000 0.307
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.00 1.00 1.00 1.00
28 Positive
Active sequence. | t2+3sto ' 0.303 0.304 0.301 0.302
power t2+10s P
29 Total 0.303 0.304 0.301 0.302
39 Active Positive - S
power rising | sequence 0.043 0.217 0.216 0.047
time
31 Positive
/-:jfiter Pl sequence | ©2+3sto ' 0.006 0.015 | 0.015 | 0.010
>tp2 power t2+10s p-U.
32 Total 0.006 0.015 0.015 0.010
33 Reactive Positive - S
power rising | sequence 0.037 0.073 0.253 0.073
time
34 PGU does --
not
disconnect t2 to
from grid till p+0s | 'es/No Yes
60s after
fault
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Graph of Test number 4.2
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 1.3 2.3 3.3 4.3
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start _ y hh:mm:ss.f See araph
of test) grap
3 | Faulttype - - D1 D1 D1 D1
(phase)
4 Setting Line to p.u.
voltage line -- 0.15 0.50 0.50 0.85
depth
5 | Esimgol - ms 150 | 1500 | 1500 | 60000
duration
General | g | point of fault Total ms
-- See graph
Info. entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 151.09 | 1503.5 | 1504.6 | 60021
test
9 t1+100ms 0.617 0.761 0.761 0.932
to t2 and
Voltage Total t1-10s to p.u. 0.151 | 0501 | 0501 | 0.856
depth/height t1
load test it
10 Positive p.u.
sequence 0.431 0.665 0.665 0.904
11 Voltage Line to t1-10s to p.u.
neutral t 1.00 1.01 0.99 1.00
12 e t1-500ms
Current PO o t1- p.U. 1.000 | 1110 | 1.101 | 1.00
sequence 100ms
13 Ac Total 1.000 0.988 0.986 0.997
Before ctive — t1-10s to
p.u.
dip<t1 | X4 | power Positive i 1.000 | 0988 | 0.986 | 0997
sequence
15 ) Total 0.027 0.468 | -0.484 | 0.023
Reactive — t1-10s to p.U
16 |  power Positive & - 0.027 | 0468 | -0.484 | 0.023
sequence
17 Cose - trAgsto - 0.9999 | 0.9029 | 0.8977 | 0.9999
Durin 18 Phase 1 | t1+100ms 0.617 0.760 0.762 0.932
ourng Voltage to t2- p.u.
dip tl to Phase 2 0.151 0.502 0.500 0.851
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2 Phase 3 20ms 0.617 | 0.762 | 0.763 | 0.933
19 Phase 1 0.019 0.019 0.021 1.004
20 | Line current Phase 2 t1+60ms p.u. 0.006 0.017 0.020 1.013
21 Phase 3 0.019 0.019 0.019 1.002
22 Phase 1 0.019 0.019 0.021 1.004
23 | Line current Phase 2 | t1+100ms p.u. 0.006 0.017 0.020 1.013
24 Phase 3 0.019 0.019 0.019 1.002
25 ) Total t1+100ms 0.001 0.001 0.001 0.922
= Active bosit to t2- p.u

power ositive 20ms -
sequence 0.001 0.001 0.001 0.922
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.000 1.000 1.000 1.000
28 Positive
Active sequence. | t2+3sto ' 1.001 1.022 1.031 1.000
power t2+10s P
29 Total 1.001 1.022 1.031 1.000
39 Active Positive - s
power rising | sequence 0.467 0.480 0.483 0.060
time
31 Positive
/-:jfiter Pl sequence | ©2+3sto ' 0.007 0.458 | -0.483 | 0.022
>tp2 power t2+10s p-U.
32 Total 0.007 0.458 | -0.483 | 0.022
33 Reactive Positive - s
power rising | sequence 0.094 9.894 9.954 0.056
time
34 PGU does --
not
disconnect t2 to
from grid till p+0s | 'es/No Yes
60s after
fault
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Graph of Test number 1.3
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 5.3 6.3 7.3 14
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start _ y hh:mm:ss.f See araph
of test) grap
3 | Faulttype - - D1 D1 D1 D1
(phase)
4 Setting Line to p.u.
voltage line -- 1.25 1.20 1.15 0.15
depth
5 | Esimgol - ms 100 | 5000 | 60000 | 150
duration
General | g | point of fault Total ms
-- See graph
Info. entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 100.94 | 5008.3 | 60209 | 161.09
test
9 t1+100ms 1.082 1.062 1.042 0.621
to t2 and
Voltage Total t1-10s to p.U. 1252 | 1.202 | 1.152 | 0.151
depth/height t1
load test it
10 Positive p.u.
sequence 1.128 1.103 1.077 0.431
11 Voltage Line to t1-10s to p.u.
reutral - 1.00 101 | 1.00 1.00
12 e t1-500ms
Current PO o t1- p.U. 1.02 1.00 1.00 | 0.303
sequence 100ms
13 it Total 1.001 1.000 0.999 0.303
Before ctive — t1-10s to p.U.
dip<t1 | X4 | power Positive t 1.001 | 1.000 | 0.999 | 0303
sequence
15 ; Total 0.012 0.012 -0.012 0.014
Reactive — t1-10s to p.U
16 |  power Positive tl o 0012 | 0012 | 0012 | 0014
sequence
17 Cose - trAgsto - 1.0000 | 0.9999 | 1.0000 | 0.9989
Durin 18 Phase 1 | t1+100ms 1.080 1.062 1.042 0.619
ourng Voltage to t2- p.u.
diptlto Phase 2 1.251 1.200 1.150 0.151
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2 Phase 3 20ms 1.061 | 1.052 | 1.042 | 0.622
19 Phase 1 0.034 0.042 0.941 0.008
20 | Line current Phase 2 t1+60ms p.u. 0.034 0.042 0.934 0.003
21 Phase 3 0.034 0.041 0.939 0.008
22 Phase 1 0.033 0.041 0.941 0.008
23 | Line current Phase 2 | t1+100ms p.u. 0.034 0.042 0.929 0.003
24 Phase 3 0.033 0.041 0.939 0.008
25 ) Total t1+100ms 0.001 0.001 0.999 0.001
= Active bosit to t2- p.u

power ositive 20ms -
sequence 0.001 0.001 0.999 0.001
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.000 1.000 1.000 1.000
28 Positive
Active sequence. | t2+3sto ' 1.003 0.990 0.999 0.316
power t2+10s P-
29 Total 1.003 0.990 0.999 0.316
39 Active Positive - S
power rising | sequence 0.442 0.890 0.068 0.214
time
31 Positive
/-:jfiter Pl sequence | ©2+3sto ' 0.016 0.007 | -0.011 | 0.016
>tp2 power t2+10s p-U.
32 Total 0.016 0.007 -0.011 0.016
33 Reactive Positive - S
power rising | sequence 0.038 0.054 0.038 0.056
time
34 PGU does --
not
disconnect t2 to
from grid till p+0s | 'es/No Yes
60s after
fault
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Graph of Test number 5.3
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Graph of Test number 6.3
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Graph of Test number 1.4
Stert | Reset | |Expartlata 00:30/00: 30 Save | lead

Start | Beset | Exportlata 00:30/00: 30 o Save | Leed | oy

During dip (t1+60ms)

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 151 of 192 Report no. 220602098GZU-001
Start Beset | Exportlata | 00:30/00:30 Save Lt o

At 0,100 =

Start Reset, ExportData ‘ | 00:30/00:30 Save Load @ g

Atfter dip (t2+3s)

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 152 of 192 Report no. 220602098GZU-001
Start Rezet Exporillats 00:30,/00: 30 Save Load (RS

ATl my

Active power recovery time

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 153 of 192

Report no. 220602098GZU-001

Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. | Parameter | Phase ref. | Time ref. unit Result
0 | Test number -- = -- 2.4 3.4 4.4 54
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start _ y hh:mm:ss.f See araph
of test) grap
3 | Faulttype - - D1 D1 D1 D1
(phase)
4 Setting Line to p.u.
voltage line -- 0.50 0.50 0.85 1.25
depth
5 | Esimgol - ms 1500 | 1500 | 60000 | 100
duration
General | g | point of fault Total ms
-- See graph
Info. entry
7 | Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in
empty load -- 1503.5 | 1504.6 | 60021 | 100.94
test
9 t1+100ms 0.763 0.761 0.932 1.082
to t2 and
Voltage Total t1-10s to p.u. 0501 | 0501 | 0.856 | 1.252
depth/height t1
in empty 0.762 0.761 0.932 1.062
load test it
10 Positive p.u.
sequence 0.665 0.665 0.904 1.128
11 Voltage Line to t1-10s to p.u.
neutral t 1.00 1.00 1.00 1.00
12 e t1-500ms
Current PO o t1- p.U. 0.558 | 0.586 | 0.304 | 0.303
sequence 100ms
13 Ac Total 0.301 0.281 0.303 0.303
Before ctive — t1-10s to p.U.
dip<t1 | X4 | power Positive i 0301 | 0.281 | 0303 | 0.303
sequence
15 ) Total 0.471 -0.481 0.013 0.007
Reactive — t1-10s to p.U
16 |  power Positive tl o 0471 | -0.481 | 0013 | 0.007
sequence
17 Cose - trAgsto - 05114 | 0.5484 | 0.9990 | 0.9989
B 18 Phase 1 | t1+100ms 0.762 0.762 0.932 1.082
ourng Voltage to t2- p.u.
dip tl to Phase 2 0.500 0.501 0.852 1.250
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2 Phase3 | 20ms 0.762 | 0.762 | 0932 | 1.062
19 Phase 1 0.009 0.006 0.333 0.024
20 | Line current Phase 2 t1+60ms p.u. 0.006 0.008 0.328 0.025
21 Phase 3 0.008 0.007 0.328 0.025
22 Phase 1 0.009 0.006 0.328 0.023
23 | Line current Phase 2 | t1+100ms p.u. 0.006 0.008 0.328 0.024
24 Phase 3 0.008 0.007 0.333 0.024
25 ) Total t1+100ms 0.001 0.001 0.299 0.001
= Active bosit to t2- p.u

power ositive 20ms -
sequence 0.001 0.001 0.299 0.001
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.001 1.000 1.000 1.000
28 Positive
Active sequence. | t2+3sto 0.302 0.301 0.302 0.301
power t2+10s p-u
29 Total 0.302 0.301 0.302 0.301
39 Active Positive - S
power rising | sequence 0.932 0.230 0.073 0.215
time
31 Positive
/-:jfitgr Reactive sequence | 2#3sto ou 0.470 -0.464 0.013 0.08
> power t2+10s e
32 Total 0.470 -0.464 0.013 0.08
33 Reactive Positive - S
power rising | sequence 9.910 9.911 0.023 0.035
time
34 PGU does --
not
disconnect t2 to
from grid till p+0s | 'es/No Yes
60s after
fault
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Verification of dynamic network support P
Short-circuited power at
generator terminal [VA] 300K
NS protection settings See table 2 in VDE-AR-N 4105:2018
No. Parameter Phase ref. | Time ref. unit Result
0 | Test number -- = -- 6.4 7.4 15 55
1 Date -- & dd.mm.yyyy 15-Nov-2022 to 22-Nov-2022
2 | Time (start of _ y hh:mm:ss.f See graph
test) grap
3 | Faultype - - D1 D1 D2 D2
(phase)
& =g P . p-U. 120 | 115 | 015 | 125
voltage depth line
5 | estmE el - ms 5000 | 60000 | 150 100
duration
General | 6 | Point of fault Total y ms See graph
entry
Info.
7 Point of fault Total ms
-- See graph
clearance
8 Fault Total ms
duration in - 5008.3 | 60209 | 159.51 | 100.51
empty load
test
9 t1+100ms 1.062 1.042 0.151 1.252
to t2 and
Voltage Total t1-10s to p.u. 1.202 | 1.152 | 0.623 | 1.064
depth/height 1
test o
10 Positive p.u.
sequence 1.103 1.077 0.429 1.124
11 Voltage Line to t1-10s to p.u.
reutral il 1.00 1.00 | 100 | 1.00
12 i t1-500ms
Current ALY o t1- p.u. 0.302 | 0305 | 1.00 | 1.00
sequence 100ms
13 Total 0.302 0.304 1.000 1.001
Before Active power i t-10sto p.u.
dip<tt | 4 Positive u 0302 | 0304 | 1.000 | 1.001
sequence
15 ) Total -0.009 -0.009 0.012 -0.010
Reactive — t1-10s to p.U
16 power Positive u -0.009 | -0.009 | 0.012 | -0.010
sequence
17 Cose - f-Agsto - 0.9995 | 0.9988 | 1.0000 | 0.9999
. 18 Phase 1 | t1+100ms 1.059 1.040 0.151 1.252
During to t2-
dip t1 to Voltage Phase 2 20ms p.u. 1.199 1.149 0.618 1.064
2 Phase 3 1.052 1.041 0.622 1.082
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19 Phase 1 0.012 0.288 0.008 0.031
20 | Line current Phase 2 t1+60ms p.u. 0.014 0.286 0.009 0.031
21 Phase 3 0.011 0.289 0.009 0.031
22 Phase 1 0.011 0.290 0.008 0.031
23 | Line current Phase 2 | t1+100ms p.u. 0.013 0.287 0.009 0.032
24 Phase 3 0.011 0.289 0.009 0.032
25 Total t1+100ms 0.001 0.301 0.001 0.001
. to t2-
26 | Active power | pgsitive 20ms p.u.
sequence 0.001 0.301 0.001 0.001
27 Voltage Line to t2+3s to p.u.
neutral 2+10s 1.000 1.000 1.000 1.000
28 Positive
0.303 0.302 1.001 0.994
- sequence. | f2+3sto
Active power q i p.u
29 Total 0.303 0.302 1.001 0.994
39 | Active power | Positive - S 0208 | 0.037 | 0447 | 0.432
rising time sequence
31 Positive
After Reactive sequence | t2+3sto -0.007 | -0.013 | 0.018 | -0.007
. p.u.
dip power t2+10s
> 2 32 Total -0.007 | -0.013 | 0.018 | -0.007
33 Reactive Positive - s
power rising | sequence 0.075 0.049 0.045 0.080
time
34 PGU does -
not
disconnect t2to
from grid till w+60s | Yes/No Yes
60s after
fault
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Graph of Test number 7.4

Start |__Reset | | ExportData
el S

02:00/02:00 Save | Lead | oo

Before dip (t1-100ms)

o heset  (Exporillata

During dip (t1+60ms)

02:00/02:00

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 170 of 192 Report no. 220602098GZU-001
Stars Resst | ExportDats | 02:00/02:00 Save Lsi ) &\

Start Reset | | ExportDats | | o2:00/02:00 Save Losd | o

Allrns 05T nV

After dip (t2+3s)

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 171 of 192 Report no. 220602098GZU-001
Graph of Test number 1.5
Stert | Reset | |ExportData) 00:30/00: 50 S | Lead ) o o

Start | Reset | |Exportlata 00z 50/00: 30 o Seve | | Lead oo

T104- LW

During dip (t1+60ms)

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.
Page 172 of 192 Report no. 220602098GZU-001

Start Reset ExportData 00:30/00: 50 Save Lad ) ) O

- Reset Expor tData | | oo:30/00:30 Save Load | &) (o)

Start Reset Exportllata 00:30/00: 30 Save Load g

Active power recovery time

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 173 of 192 Report no. 220602098GZU-001
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Manufacturer indications:

System type (Anlagenart) (BHKW, PV-WR, ...) PV
(Herstellerangaben) Max. active power PEmax iMars iMars iMars
XG100KTR | XG100KTR- | XG110KTR
(maximale Wirkleistung PEmax) F
101.26KW 101.26KW | 110.65KW
iMars
XG110KTR-F
110.67KW
Rated voltage (Bemessungsspannung) 3/N/PE, 230/400Vac
Measurgment period From (vom) YYYY-MM-DD to (bis) YYYY-MM- 12 Sep 2022 23 Dec 2022
(Messzeitraum) DD
Rapid voltage changes (Schnelle Spannungsianderungen) ki =0.582
Connection without provisions (regarding the primary energy carrier) ki =0.058
(Einschalten ohne Vorgabe (zum Primarenergietrager))
Most adverse case when switching between generator levels ki=0.582
(Unglnstigster Fall beim Umschalten der Generatorstufen)
Connection at nominal conditions (of the primary energy carrier) ki =0.060
(Einschalten bei Nennbedingungen (des Priméarenergietragers))
Disconnection at rated power (Ausschalten bei Bemessungsleistung) ki =0.582
Worst value of all switching operations (Schlechtester Wert aller Schaltvorgange) | kimax = 0.582
Flicker Network impedance angle W«
30° 50° 70° 85°
(Netzimpedanzwinkel W)
Initial flicker factor cv
_ . 5.60 5.68 5.86 5.70
(Anlagenflickerbeiwert Cv)
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Model: iMARS XG100KTR

Active power (Wirkleistung) P/Pp, [%]| 0 10 20 30 40 50 60 70 80 90 | 100
Ordinal number (Ordnungszahl) | [%)] | [%] I [%] 1 [%)] 1[%] | |[%] I [%] 1[%] | | [%] 11%] | 1[%]
2 0.0771 | 0.0575 | 0.0305 | 0.1244 | 0.0454 | 0.0354 | 0.0985 | 0.0751 | 0.0756 | 0.0874 | 0.0794
3 0.4797 | 0.6522 | 0.6792 | 0.6172 | 0.6075 | 0.3512 | 0.4066 | 0.4084 | 0.4523 | 0.4741 | 0.4814
4 0.0290 | 0.0474 | 0.0322 | 0.0350 | 0.0484 | 0.1044 | 0.1334 | 0.1521 | 0.1405 | 0.1486 | 0.1961
5 0.3584 | 0.2686 | 0.3256 | 0.3004 | 0.3004 | 0.3525 | 0.3505 | 0.3290 | 0.3044 | 0.3284 | 0.3281
6 0.0307 | 0.0382 | 0.0320 | 0.0322 | 0.0542 | 0.0776 | 0.0603 | 0.0655 | 0.0515 | 0.0534 | 0.0836
7 0.2483 | 0.2257 | 0.2084 | 0.1893 | 0.1174 | 0.2123 | 0.2166 | 0.2132 | 0.2162 | 0.2143 | 0.2042
8 0.0169 | 0.0674 | 0.0483 | 0.0606 | 0.0411 | 0.0321 | 0.0306 | 0.0363 | 0.0376 | 0.0401 | 0.0550
9 0.0884 | 0.3082 | 0.3113 | 0.2855 | 0.3522 | 0.2370 | 0.2293 | 0.2292 | 0.2276 | 0.2182 | 0.2096
10 0.0084 | 0.0335 | 0.0325 | 0.0385 | 0.0855 | 0.0482 | 0.0482 | 0.0566 | 0.0640 | 0.0721 | 0.0831
11 0.0149 | 0.0773 | 0.0473 | 0.3011 | 0.2471 | 0.1505 | 0.3241 | 0.4123 | 0.4414 | 0.4421 | 0.4641
12 0.0077 | 0.0902 | 0.1005 | 0.0955 | 0.0916 | 0.0991 | 0.0986 | 0.0984 | 0.1004 | 0.0970 | 0.0981
13 0.0201 | 0.1976 | 0.3273 | 0.0723 | 0.1476 | 0.0656 | 0.2005 | 0.2835 | 0.3323 | 0.3585 | 0.3844
14 0.0063 | 0.0633 | 0.0385 | 0.0412 | 0.0543 | 0.0326 | 0.0513 | 0.0792 | 0.0833 | 0.0864 | 0.0853
15 0.0184 | 0.1225 | 0.1021 | 0.1015 | 0.2543 | 0.1156 | 0.0766 | 0.0456 | 0.0431 | 0.0432 | 0.0613
16 0.0050 | 0.0562 | 0.0370 | 0.0526 | 0.0546 | 0.0365 | 0.0321 | 0.0453 | 0.0606 | 0.0656 | 0.0691
17 0.0075 | 0.1393 | 0.0621 | 0.3205 | 0.0626 | 0.0532 | 0.1734 [ 0.3146 | 0.3775 | 0.3931 | 0.3956
18 0.0043 | 0.0521 | 0.0603 | 0.0630 | 0.0463 | 0.0631 | 0.0516 | 0.0611 | 0.0792 | 0.0834 | 0.0912
19 0.0043 | 0.2184 | 0.2180 | 0.2703 | 0.0995 | 0.0432 | 0.1474 | 0.2294 | 0.2942 | 0.3174 | 0.3321
20 0.0036 | 0.0555 | 0.0801 | 0.0992 | 0.1103 | 0.0694 | 0.0775 | 0.0556 | 0.0541 | 0.0672 | 0.0820
21 0.0105 | 0.2993 | 0.1995 | 0.2962 | 0.1844 | 0.0850 | 0.0973 | 0.1366 | 0.1754 | 0.2072 | 0.2483
22 0.0017 | 0.0932 | 0.0906 | 0.1060 | 0.0904 | 0.0604 | 0.0651 | 0.0585 | 0.0710 | 0.1004 | 0.1320
23 0.0067 | 0.1563 | 0.1783 | 0.2021 | 0.2723 | 0.1421 | 0.1266 | 0.2102 | 0.3594 | 0.4776 | 0.5535
24 0.0020 | 0.0896 | 0.1195 | 0.1391 | 0.1244 | 0.0892 | 0.0844 | 0.0894 | 0.1085 | 0.1170 | 0.1296
25 0.0025 | 0.1675 | 0.3795 | 0.2301 | 0.3852 | 0.1840 | 0.1584 | 0.1801 | 0.2541 | 0.3401 | 0.4186
26 0.0018 | 0.0797 | 0.1006 | 0.1182 | 0.1273 | 0.1231 | 0.1261 | 0.1274 | 0.1345 | 0.1342 | 0.1346
27 0.0035 | 0.1033 | 0.2066 | 0.1834 | 0.2941 | 0.0944 | 0.0970 | 0.1092 | 0.1146 | 0.1425 | 0.1673
28 0.0021 | 0.0618 | 0.0655 | 0.0923 | 0.0893 | 0.0881 | 0.0921 | 0.1351 | 0.1334 | 0.1344 | 0.1271
29 0.0037 | 0.1494 | 0.2452 | 0.1254 | 0.2106 | 0.3630 | 0.2426 | 0.2450 | 0.2901 | 0.3985 | 0.4623
30 0.0008 | 0.0673 | 0.0715 | 0.0834 | 0.0784 | 0.0771 | 0.0926 | 0.1066 | 0.1090 | 0.1393 | 0.1425
31 0.0008 | 0.0792 | 0.0841 | 0.1731| 0.0992 | 0.2566 | 0.1572 | 0.1633 | 0.2464 | 0.3060 | 0.3571
32 0.0006 | 0.0636 | 0.0631 | 0.0596 | 0.0612 | 0.0611 | 0.0584 | 0.0543 | 0.0726 | 0.0776 | 0.0840
33 0.0015 | 0.1133 | 0.0493 | 0.2193 | 0.0851 | 0.1073 | 0.0623 | 0.0655 | 0.0884 | 0.0986 | 0.1075
34 0.0007 | 0.0362 | 0.0333 | 0.0392 | 0.0420 | 0.0463 | 0.0495 | 0.0504 | 0.0535 | 0.0716 | 0.0756
35 0.0020 | 0.0566 | 0.0390 | 0.1165 | 0.0655 | 0.2433 | 0.1463 [ 0.1221 | 0.1821 | 0.1871 | 0.1911
36 0.0005 | 0.0472 | 0.0505 | 0.0445 | 0.0542 | 0.0540 | 0.0492 | 0.0480 | 0.0524 | 0.0616 | 0.0646
37 0.0007 | 0.0553 | 0.0683 | 0.0806 | 0.0653 | 0.1161 | 0.1116 | 0.0565 | 0.0905 | 0.0986 | 0.0976
38 0.0003 | 0.0272 | 0.0276 | 0.0230 | 0.0273 | 0.0280 | 0.0353 | 0.0283 | 0.0301 | 0.0345 | 0.0326
39 0.0005 | 0.0314 | 0.0356 | 0.0244 | 0.0296 | 0.0240 | 0.0321 | 0.0355 | 0.0283 | 0.0361 | 0.0426
40 0.0003 | 0.0214 | 0.0223 | 0.0222 | 0.0296 | 0.0261 | 0.0251 | 0.0281 | 0.0282 | 0.0302 | 0.0251

TRF No. VDE-AR-N 4105d




INntertek

Total Quality. Assured.

Page 177 of 192

Report no. 220602098GZU-001

Inter-harmonics (Zwischenharmonische)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [Hz] 1[%] 1 [%] 1[%] 1[%] 11%] | I [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
75 0.0845 | 0.0738 | 0.1035 | 0.1022 | 0.1007 | 0.1076 | 0.1044 | 0.1051 | 0.1139 | 0.1082 | 0.0087
125 0.0317 | 0.0268 | 0.0322 | 0.0330 | 0.0348 | 0.0362 | 0.0352 | 0.0355 | 0.0396 | 0.0369 | 0.0071
175 0.0245 | 0.0215 | 0.0270 | 0.0268 | 0.0288 | 0.0303 | 0.0294 | 0.0308 | 0.0329 | 0.0323 | 0.0074
225 0.0238 [ 0.0294 | 0.0287 | 0.0277 | 0.0277 | 0.0291 | 0.0291 | 0.0303 | 0.0313 | 0.0318 | 0.0096
275 0.0214 | 0.0303 | 0.0270 | 0.0266 | 0.0277 | 0.0293 | 0.0287 | 0.0299 | 0.0316 | 0.0306 | 0.0160
325 0.0146 | 0.0186 | 0.0238 | 0.0243 | 0.0254 | 0.0265 | 0.0264 | 0.0271 | 0.0288 | 0.0289 | 0.0091
375 0.0121 | 0.0190 | 0.0232 | 0.0242 | 0.0243 | 0.0255 | 0.0260 | 0.0264 | 0.0283 | 0.0288 | 0.0095
425 0.0093 | 0.0207 | 0.0229 | 0.0234 | 0.0235 | 0.0246 | 0.0248 | 0.0258 | 0.0273 | 0.0282 | 0.0085
475 0.0079 | 0.0212 | 0.0232 | 0.0237 | 0.0241 | 0.0252 | 0.0259 | 0.0262 | 0.0282 | 0.0288 | 0.0090
525 0.0088 | 0.0244| 0.0316 | 0.0299 | 0.0313 | 0.0330 | 0.0340 | 0.0349 | 0.0371 | 0.0376 | 0.0105
575 0.0089 | 0.0291 | 0.0370 | 0.0371 | 0.0358 | 0.0383 | 0.0388 | 0.0410| 0.0421 | 0.0425 | 0.0151
625 0.0077 | 0.0282 | 0.0339 | 0.0332 | 0.0340 | 0.0356 | 0.0367 | 0.0381 | 0.0398 | 0.0409 | 0.0108
675 0.0058 | 0.0247 | 0.0316 | 0.0306 | 0.0312 | 0.0329 | 0.0344 | 0.0357 | 0.0366 | 0.0374 | 0.0098
725 0.0038 | 0.0214 | 0.0244 | 0.0252 | 0.0255 | 0.0273 | 0.0280 | 0.0298 | 0.0310 | 0.0310 | 0.0086
775 0.0033 | 0.0202 | 0.0249 | 0.0253 | 0.0260 | 0.0271 | 0.0284 | 0.0297 | 0.0304 | 0.0314 | 0.0074
825 0.0030 | 0.0224 | 0.0255 | 0.0261 | 0.0270 | 0.0286 | 0.0299 | 0.0307 | 0.0320 | 0.0334 | 0.0098
875 0.0028 | 0.0230 | 0.0258 | 0.0267 | 0.0275 | 0.0293 | 0.0305 | 0.0315( 0.0329 | 0.0341| 0.0116
925 0.0026 | 0.0229 | 0.0267 | 0.0288 | 0.0305 | 0.0312 | 0.0316 | 0.0327 | 0.0342 | 0.0355 | 0.0090
975 0.0023 | 0.0241 | 0.0274 | 0.0292 | 0.0309 | 0.0314 | 0.0322| 0.0341 | 0.0361 | 0.0373| 0.0120
1025 0.0022 | 0.0229 | 0.0268 | 0.0290 | 0.0303 | 0.0313 | 0.0335| 0.0356 | 0.0380 | 0.0403 | 0.0100
1075 0.0021 | 0.0233 | 0.0289 | 0.0315 | 0.0333 | 0.0339 | 0.0359 | 0.0384 | 0.0421 | 0.0445 | 0.0090
1125 0.0031 | 0.0351 | 0.0448 | 0.0479 | 0.0503 | 0.0506 | 0.0533 [ 0.0577 | 0.0611 | 0.0647 | 0.0140
1175 0.0032 | 0.0393 | 0.0511 | 0.0558 | 0.0570 | 0.0585 | 0.0604 | 0.0661 | 0.0722 | 0.0768 | 0.0198
1225 0.0030 | 0.0409 | 0.0472 | 0.0515 | 0.0544 | 0.0573 | 0.0618 | 0.0668 | 0.0737 | 0.0800 | 0.0144
1275 0.0022 | 0.0340 | 0.0386 | 0.0431 | 0.0459 | 0.0480 | 0.0509 | 0.0550| 0.0611 | 0.0693 | 0.0156
1325 0.0014 | 0.0241| 0.0257 | 0.0297 | 0.0315 | 0.0330 | 0.0363 | 0.0401 | 0.0455 | 0.0514 | 0.0112
1375 0.0012 | 0.0226 | 0.0236 | 0.0269 | 0.0295 | 0.0300 | 0.0320| 0.0354 | 0.0398 | 0.0453 | 0.0093
1425 0.0010 | 0.0226 | 0.0226 | 0.0259 | 0.0279 | 0.0286 | 0.0304 | 0.0331 | 0.0360 | 0.0402 | 0.0126
1475 0.0009 | 0.0222 | 0.0213 | 0.0242 | 0.0266 | 0.0269 | 0.0283 | 0.0301 | 0.0326 | 0.0363 | 0.0185
1525 0.0008 | 0.0214 | 0.0202 | 0.0232 | 0.0249 | 0.0258 | 0.0265 | 0.0281 | 0.0300 | 0.0332 | 0.0124
1575 0.0008 | 0.0205 | 0.0187 | 0.0213 | 0.0223 | 0.0229 | 0.0237| 0.0255 | 0.0269 | 0.0298 | 0.0187
1625 0.0007 | 0.0187 | 0.0168 | 0.0192 | 0.0205 | 0.0202 | 0.0213 | 0.0229 | 0.0245 | 0.0268 | 0.0147
1675 0.0006 | 0.0182 | 0.0166 | 0.0178 | 0.0192 | 0.0195 | 0.0200 | 0.0208 | 0.0222 | 0.0245 | 0.0104
1725 0.0007 | 0.0206 | 0.0205 | 0.0213 | 0.0228 | 0.0228 | 0.0233 | 0.0234 | 0.0243 | 0.0258 | 0.0229
1775 0.0007 | 0.0235| 0.0221 | 0.0234 | 0.0253 | 0.0250 | 0.0251 | 0.0257 | 0.0266 | 0.0281 | 0.0169
1825 0.0006 | 0.0226 | 0.0216 | 0.0226 | 0.0241 | 0.0242 | 0.0241 | 0.0254 | 0.0259 | 0.0274 | 0.0122
1875 0.0005 | 0.0177 | 0.0165 | 0.0173 | 0.0190 | 0.0192 | 0.0195 | 0.0201 | 0.0212 | 0.0224 | 0.0123
1925 0.0004 | 0.0131| 0.0115 [ 0.0121 | 0.0131 | 0.0132 | 0.0136 | 0.0140| 0.0149 | 0.0158 | 0.0089
1975 0.0003 | 0.0123 | 0.0103 | 0.0108 | 0.0116 | 0.0118 | 0.0124 | 0.0126 | 0.0132 | 0.0141 | 0.0079
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Higher frequencies (Hohere Frequenzen)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [kHz] 1[%] 1 [%] 1[%] 1[%] 11%] | | [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
2.1 0.0008 | 0.0626 | 0.0434 | 0.0462 | 0.0531 | 0.0573 | 0.0592 | 0.0564 | 0.0575 | 0.0648 | 0.0785
2.3 0.0006 | 0.0280 | 0.0480 (0.0371 | 0.0452 | 0.0474 |1 0.0441 | 0.0433 | 0.0421 | 0.0448 | 0.0490
2.5 0.0005 | 0.0341 | 0.0322 {0.0354 | 0.0410 | 0.0377 | 0.0365 | 0.0388 | 0.0420 | 0.0503 | 0.0638
2.7 0.0005 | 0.0491 | 0.0392 [ 0.0289 | 0.0281 | 0.0282 | 0.0312 | 0.0325| 0.0374 | 0.0424 | 0.0523
2.9 0.0004 | 0.0188 | 0.0310 | 0.0239 | 0.0188 | 0.0210 | 0.0235 [ 0.0241 | 0.0261 | 0.0293 | 0.0350
3.1 0.0004 | 0.0287 | 0.0330 | 0.0473 | 0.0405 | 0.0346 | 0.0385 [ 0.0378 | 0.0403 | 0.0426 | 0.0451
3.3 0.0004 | 0.0280 | 0.0265 [ 0.0314 | 0.0390 | 0.0307 | 0.0305 | 0.0307 | 0.0308 | 0.0295 | 0.0301
3.5 0.0003 | 0.0202 | 0.0255 | 0.0243 | 0.0280 | 0.0297 | 0.0272 [ 0.0252 | 0.0276 | 0.0287 | 0.0277
3.7 0.0003 | 0.0232 | 0.0244 (0.0241 | 0.0319 | 0.0388 | 0.0335 | 0.0295 | 0.0315 | 0.0329 | 0.0330
3.9 0.0003 | 0.0262 | 0.0255 [ 0.0316 | 0.0275 | 0.0333 | 0.0323 | 0.0323 | 0.0334 | 0.0369 | 0.0372
4.1 0.0003 | 0.0167 | 0.0160 | 0.0164 | 0.0222 | 0.0179 | 0.0194 | 0.0205 | 0.0207 | 0.0236 | 0.0261
4.3 0.0003 | 0.0215 | 0.0292 | 0.0209 | 0.0318 | 0.0287 | 0.0308 | 0.0325| 0.0322 | 0.0363 | 0.0379
4.5 0.0003 | 0.0199 | 0.0172 | 0.0215 | 0.0241 | 0.0257 | 0.0272 | 0.0281 | 0.0273 | 0.0287 | 0.0311
4.7 0.0002 | 0.0184 | 0.0207 | 0.0225 | 0.0202 | 0.0218 | 0.0216 | 0.0222 | 0.0238 | 0.0257 | 0.0269
4.9 0.0002 | 0.0215 | 0.0283 | 0.0222 | 0.0258 | 0.0278 | 0.0295 | 0.0309 | 0.0333 | 0.0350 | 0.0367
5.1 0.0002 | 0.0210 | 0.0205 | 0.0239 | 0.0233 | 0.0237 | 0.0252 | 0.0270 | 0.0284 | 0.0298 | 0.0296
5.3 0.0002 | 0.0225 | 0.0192 [ 0.0248 | 0.0232 | 0.0224 | 0.0264 | 0.0258 | 0.0271 | 0.0283 | 0.0323
5.5 0.0002 | 0.0184 | 0.0236 | 0.0210 | 0.0238 | 0.0245 | 0.0279 | 0.0282 | 0.0315 | 0.0361 | 0.0402
5.7 0.0002 | 0.0239 | 0.0248 [ 0.0274 | 0.0295 | 0.0310 | 0.0317 [ 0.0331 | 0.0355 | 0.0374 | 0.0396
5.9 0.0002 | 0.0431 | 0.0455 [ 0.0464 | 0.0472 | 0.0472 | 0.0484 [ 0.0511 | 0.0511 | 0.0519 | 0.0550
6.1 0.0002 | 0.0283 | 0.0313 [ 0.0302 | 0.0400 | 0.0384 | 0.0425 [ 0.0470 | 0.0485 | 0.0488 | 0.0526
6.3 0.0002 | 0.0352 | 0.0350 [ 0.0399 | 0.0423 | 0.0444 | 0.0471 [ 0.0474 | 0.0454 | 0.0457 | 0.0482
6.5 0.0002 | 0.0334 | 0.0290 | 0.0353 | 0.0433 | 0.0419 | 0.0430 | 0.0447 | 0.0466 | 0.0482 | 0.0510
6.7 0.0002 | 0.0257 | 0.0256 | 0.0281 | 0.0406 | 0.0412 | 0.0450 | 0.0491 | 0.0504 | 0.0504 | 0.0547
6.9 0.0002 | 0.0323 | 0.0283 [ 0.0352 | 0.0480 | 0.0569 | 0.0596 | 0.0623 | 0.0646 | 0.0618 | 0.0655
7.1 0.0002 | 0.0254 | 0.0321 | 0.0321 | 0.0442 | 0.0533 | 0.0635 | 0.0665 | 0.0664 | 0.0633 | 0.0636
7.3 0.0002 | 0.0171 | 0.0191 | 0.0233 | 0.0282 | 0.0376 | 0.0472 | 0.0604 | 0.0753 | 0.0808 | 0.0781
7.5 0.0002 | 0.0165 | 0.0174 {0.0195 | 0.0239 | 0.0308 | 0.0385 [ 0.0495 | 0.0767 | 0.1311 | 0.1537
7.7 0.0002 | 0.0155 | 0.0162 {0.0176 | 0.0230 | 0.0283 | 0.0346 | 0.0423 | 0.0676 | 0.1199 | 0.1450
7.9 0.0001 | 0.0130 | 0.0125 | 0.0125| 0.0173 | 0.0202 | 0.0252 [ 0.0299 | 0.0382 | 0.0444 | 0.0513
8.1 0.0001 | 0.0135 | 0.0149 [ 0.0149 | 0.0190 | 0.0218 | 0.0223 [ 0.0242 | 0.0263 | 0.0294 | 0.0343
8.3 0.0001 | 0.0123 | 0.0139 (0.0131 | 0.0162 | 0.0154 | 0.0175 | 0.0185 | 0.0198 | 0.0229 | 0.0290
8.5 0.0001 | 0.0088 | 0.0084 (0.0091 | 0.0107 | 0.0112 | 0.0119 | 0.0125| 0.0134 | 0.0146 | 0.0174
8.7 0.0001 | 0.0098 | 0.0103 {0.0099 | 0.0112 | 0.0106 | 0.0112 | 0.0116| 0.0129 | 0.0148 | 0.0187
8.9 0.0001 | 0.0088 | 0.0084 (0.0091 | 0.0107 | 0.0106 | 0.0112 | 0.0125| 0.0129 | 0.0148 | 0.0174
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Model: iMars XG100KTR-F

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Ordinal number (Ordnungszahl) 1 [%] 1 [%] 1 [%] 1[%] 11%] | | [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
2 0.0492 | 0.0812 | 0.0231 | 0.1349 | 0.0448 | 0.0283 | 0.1150| 0.0912 | 0.0433 | 0.0579| 0.0538
3 0.4149 | 0.4590 | 0.8623 | 0.5376 | 0.4076 | 0.3894 | 0.4950 | 0.4070 | 0.5861 | 0.5947 | 0.5992
4 0.0334 | 0.0696 | 0.0206 | 0.0314 | 0.0572 | 0.0660 | 0.1602 | 0.2000 | 0.1259 | 0.0949 | 0.1948
5 0.2759 | 0.2734  0.3227 | 0.2833 | 0.4353 | 0.4022 | 0.2339|0.4771 | 0.2687 | 0.2793 | 0.2726
6 0.0196 | 0.0265 | 0.0171 | 0.0406 | 0.0791 | 0.0951 | 0.0424 | 0.0565 | 0.0715 | 0.0686 | 0.1133
7 0.1962 | 0.2908 | 0.2302 | 0.1683 | 0.1101 | 0.1599 | 0.2300 | 0.1295 | 0.2497 | 0.2074 | 0.2697
8 0.0093 | 0.0887 | 0.0667 | 0.0831 | 0.0355 | 0.0373 | 0.0349 | 0.0523 | 0.0260 | 0.0469 | 0.0325
9 0.0545 | 0.2442 | 0.3650 | 0.3369 | 0.2199 | 0.2287 | 0.2313 | 0.1613 | 0.1504 | 0.2324| 0.3133
10 0.0111 | 0.0297 | 0.0436 | 0.0517 | 0.1063 | 0.0460 | 0.0440|0.0827 | 0.0483 | 0.0865 | 0.0792
11 0.0110 | 0.0537 | 0.0251 | 0.3985 | 0.3309 | 0.2184 | 0.4796 | 0.3111 | 0.3488 | 0.3998 | 0.3705
12 0.0050 | 0.1328 | 0.0615 | 0.1339( 0.1112 | 0.0875 | 0.0958 | 0.1162 | 0.0962 | 0.0911 | 0.1014
13 0.0134 | 0.2157 | 0.2827 | 0.0611 | 0.1181 | 0.0643 | 0.1396 | 0.2657 | 0.2654 | 0.4751| 0.2271
14 0.0057 | 0.0698 | 0.0364 | 0.0479 | 0.0749 | 0.0245 | 0.0663 | 0.0592 | 0.0862 | 0.0632 | 0.1092
15 0.0175 | 0.1441| 0.1086 | 0.0553 | 0.2266 | 0.1342 | 0.0441 | 0.0513 | 0.0393 | 0.0388 | 0.0900
16 0.0027 | 0.0448 | 0.0241 | 0.0439 | 0.0431 | 0.0346 | 0.0453 | 0.0354 | 0.0312 | 0.0771 | 0.0805
17 0.0043 | 0.0952 | 0.0444 | 0.4500 | 0.0386 | 0.0534 | 0.1938 | 0.4434| 0.2362 | 0.2195 | 0.5109
18 0.0053 | 0.0718 | 0.0893 | 0.0912 | 0.0435 | 0.0944 | 0.0329 | 0.0679 | 0.1160 | 0.1043 | 0.1098
19 0.0037 | 0.2332| 0.1133 { 0.3979 | 0.1134 | 0.0445 | 0.0863 | 0.1256 | 0.2736 | 0.4092 | 0.2208
20 0.0041 | 0.0751 | 0.0548 | 0.0646 | 0.1369 | 0.0753 | 0.0617 | 0.0466 | 0.0678 | 0.0576 | 0.0913
21 0.0077 | 0.3433 | 0.2960 | 0.2916 | 0.1952 | 0.0786 | 0.1456 | 0.2037 | 0.1976 | 0.1326 | 0.1555
22 0.0012 | 0.1050 | 0.1086 | 0.1046 | 0.0670 | 0.0694 | 0.0542 | 0.0463 | 0.0538 | 0.0570| 0.1697
23 0.0061 | 0.1401 | 0.2108 | 0.1136 | 0.1557 | 0.1097 | 0.1880 | 0.1752 | 0.2722 | 0.2682 | 0.6232
24 0.0015 | 0.1004 | 0.0894 | 0.0839 | 0.0743 | 0.1151 | 0.1108 | 0.1165( 0.1386 | 0.1272| 0.1850
25 0.0021 | 0.1658 | 0.4309 | 0.1755 | 0.1947 | 0.1588 | 0.1391 | 0.2662 | 0.2289 | 0.3365 | 0.5275
26 0.0020 | 0.0710 | 0.0550 | 0.0915 | 0.1512 | 0.0989 | 0.1615| 0.0910 | 0.1325 | 0.0779] 0.1335
27 0.0045 | 0.0769 | 0.1396 | 0.1229 | 0.2620 | 0.0857 | 0.1421 | 0.1097 | 0.0719 | 0.1995 | 0.2325
28 0.0025 | 0.0767 | 0.0651 | 0.1064 | 0.0721 | 0.1254 | 0.0692 | 0.0918 | 0.1303 | 0.1073 | 0.0814
29 0.0022 | 0.1790 | 0.2050 | 0.1628 | 0.2518 | 0.4703 | 0.1972 | 0.2345| 0.2841 | 0.4442 | 0.3588
30 0.0010 | 0.0661 | 0.0384 | 0.1042 | 0.0732 | 0.0606 | 0.0507 | 0.1237 | 0.1359 | 0.0857 | 0.0930
31 0.0008 | 0.0661 | 0.1230 | 0.0976 | 0.1060 | 0.1611 | 0.1723 [ 0.1121 | 0.3541 | 0.1626 | 0.1866
32 0.0005 | 0.0571 | 0.0400 | 0.0883 | 0.0904 | 0.0744 | 0.0313 | 0.0661 | 0.0967 | 0.0705 | 0.0621
33 0.0020 | 0.0969 | 0.0624 | 0.1346 | 0.0994 | 0.0590 | 0.0646 | 0.0833 | 0.1068 | 0.1320| 0.1240
34 0.0008 | 0.0348 | 0.0451 | 0.0261 | 0.0419 | 0.0261 | 0.0493 | 0.0719 | 0.0744 | 0.0430| 0.0887
35 0.0020 | 0.0334 | 0.0248 | 0.1230 | 0.0644 | 0.3351 | 0.1756 | 0.1399( 0.2134 | 0.2258 | 0.1271
36 0.0006 | 0.0523 | 0.0723 | 0.0633 | 0.0579 | 0.0792 | 0.0544 | 0.0291 | 0.0489 | 0.0430| 0.0918
37 0.0007 | 0.0489 | 0.0795 | 0.0545 | 0.0535 | 0.1239 | 0.0994 | 0.0565 | 0.0682 | 0.1419 | 0.0941
38 0.0002 | 0.0281 | 0.0353 | 0.0325 | 0.0336 | 0.0180 | 0.0455 | 0.0422 | 0.0159 | 0.0252 | 0.0421
39 0.0004 | 0.0284 | 0.0510 | 0.0246 | 0.0411 | 0.0159 | 0.0243 | 0.0361 | 0.0159 | 0.0489 | 0.0369
40 0.0004 | 0.0274 | 0.0112 { 0.0137 | 0.0169 | 0.0304 | 0.0340 | 0.0321| 0.0173 | 0.0382 | 0.0298
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Inter-harmonics (Zwischenharmonische)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [Hz] | [%] I [%] 1 [%)] 1 [%)] 1[%] | |[%] I [%] 1[%] | | [%] 11%] | 1[%]
75 0.1039 | 0.0633 | 0.1290 | 0.0691 | 0.0520 | 0.0738 | 0.1448 ( 0.0530| 0.0832 [ 0.0799 | 0.0058
125 0.0467 | 0.0231 | 0.0250 | 0.0466 | 0.0212 | 0.0348 | 0.0269 | 0.0300 | 0.0511 | 0.0388 | 0.0051
175 0.0138 | 0.0264 | 0.0312 | 0.0310 | 0.0216 | 0.0174 | 0.0201 | 0.0186 | 0.0458 | 0.0383 | 0.0054
225 0.0125 | 0.0316 | 0.0280 | 0.0331 | 0.0326 | 0.0279 | 0.0208 | 0.0267 | 0.0244 | 0.0451 | 0.0134
275 0.0118 | 0.0447 | 0.0274 | 0.0219 | 0.0387 | 0.0215 | 0.0156 | 0.0232 | 0.0383 | 0.0202 | 0.0196
325 0.0157 | 0.0163 | 0.0230 | 0.0165 | 0.0179 | 0.0369 | 0.0168 | 0.0235 | 0.0227 | 0.0170 | 0.0099
375 0.0151 | 0.0111 | 0.0202 | 0.0190 | 0.0255 | 0.0140 | 0.0272 | 0.0228 | 0.0209 | 0.0402 | 0.0140
425 0.0053 | 0.0292 | 0.0127 | 0.0237 | 0.0187 | 0.0223 | 0.0212 | 0.0266 | 0.0205 | 0.0409 | 0.0055
475 0.0057 | 0.0234 | 0.0245 |1 0.0221 | 0.0323 | 0.0244 | 0.0147 | 0.0337| 0.0322 | 0.0307 | 0.0107
525 0.0065 | 0.0289 | 0.0282 | 0.0235 | 0.0162 | 0.0474 | 0.0419 | 0.0249 | 0.0340 | 0.0456 | 0.0115
575 0.0107 | 0.0304 | 0.0455 | 0.0187 | 0.0231 | 0.0388 | 0.0371 | 0.0367 | 0.0618 | 0.0392 | 0.0219
625 0.0044 | 0.0147 | 0.0503 | 0.0428 | 0.0273 | 0.0441 | 0.0400 | 0.0320 | 0.0205 | 0.0594 | 0.0066
675 0.0078 | 0.0292 | 0.0416 | 0.0375 | 0.0311 | 0.0381 | 0.0252 | 0.0399 | 0.0463 | 0.0203 | 0.0106
725 0.0027 | 0.0135 | 0.0249 | 0.0216 | 0.0200 | 0.0146 | 0.0193 | 0.0283 | 0.0323 | 0.0265 | 0.0094
775 0.0048 | 0.0261 | 0.0154 | 0.0159 | 0.0175 | 0.0314 | 0.0294 | 0.0310| 0.0217 | 0.0175 | 0.0045
825 0.0040 | 0.0114 | 0.0362 | 0.0182 | 0.0244 | 0.0345 | 0.0230 | 0.0213 | 0.0232 | 0.0168 | 0.0089
875 0.0017 | 0.0315| 0.0348 | 0.0341 | 0.0167 | 0.0366 | 0.0288 [ 0.0438 | 0.0364 | 0.0391 | 0.0098
925 0.0036 | 0.0222 | 0.0138 | 0.0161 | 0.0255 | 0.0369 | 0.0310 | 0.0233 | 0.0253 | 0.0381 | 0.0129
975 0.0020 | 0.0143 | 0.0345 | 0.0148 | 0.0213 | 0.0436 | 0.0236 | 0.0487 | 0.0447 | 0.0199 | 0.0101
1025 0.0029 | 0.0260| 0.0379 | 0.0301 | 0.0177 | 0.0166 | 0.0236 | 0.0503 | 0.0479 | 0.0545 | 0.0073
1075 0.0031 | 0.0200 | 0.0271 | 0.0277 | 0.0239 | 0.0268 | 0.0452 | 0.0354 | 0.0329 | 0.0630 | 0.0086
1125 0.0040 | 0.0300 | 0.0344 | 0.0525 | 0.0547 | 0.0613 | 0.0464 | 0.0319 | 0.0789 | 0.0325| 0.0145
1175 0.0020 | 0.0287 | 0.0267 | 0.0764 | 0.0432 | 0.0470 | 0.0768 | 0.0614 | 0.0636 | 0.0613 | 0.0226
1225 0.0015 | 0.0539 | 0.0289 | 0.0649 | 0.0320 | 0.0692 | 0.0604 | 0.0976 | 0.0425 | 0.0830 | 0.0091
1275 0.0018 | 0.0400 | 0.0467 | 0.0313 [ 0.0683 | 0.0682 | 0.0313 | 0.0825 | 0.0641 | 0.0709 | 0.0081
1325 0.0007 | 0.0302 | 0.0298 | 0.0435 | 0.0171 | 0.0343 | 0.0528 | 0.0409 | 0.0516 | 0.0352 | 0.0139
1375 0.0009 | 0.0233 | 0.0130 | 0.0366 | 0.0385 | 0.0376 | 0.0279 | 0.0183 | 0.0448 | 0.0571 | 0.0064
1425 0.0011 | 0.0207 | 0.0161 | 0.0135 | 0.0194 | 0.0148 | 0.0410 | 0.0172 | 0.0494 | 0.0206 | 0.0101
1475 0.0009 | 0.0204 | 0.0192 | 0.0162 | 0.0215 | 0.0259 | 0.0217 | 0.0252 | 0.0430 | 0.0398 | 0.0178
1525 0.0008 | 0.0108 | 0.0279 | 0.0337 | 0.0209 | 0.0246 | 0.0197 | 0.0244 | 0.0402 | 0.0183 | 0.0079
1575 0.0005 | 0.0255| 0.0113 | 0.0260 | 0.0332 | 0.0332 | 0.0220 | 0.0363 | 0.0170 | 0.0304 | 0.0264
1625 0.0006 | 0.0217| 0.0188 | 0.0146 | 0.0147 | 0.0183 | 0.0253 | 0.0257| 0.0315 | 0.0320| 0.0188
1675 0.0005 | 0.0139| 0.0182 | 0.0119 | 0.0261 | 0.0229 | 0.0206 | 0.0247 | 0.0308 | 0.0147 | 0.0055
1725 0.0010 | 0.0184 | 0.0141 | 0.0116 | 0.0146 | 0.0307 | 0.0263 | 0.0283 | 0.0264 | 0.0166 | 0.0159
1775 0.0005 | 0.0123 | 0.0164 | 0.0293 | 0.0270 | 0.0139 | 0.0147 | 0.0146 | 0.0227 | 0.0153 | 0.0123
1825 0.0007 | 0.0187 | 0.0307 | 0.0290 | 0.0253 | 0.0179 | 0.0192 | 0.0218 | 0.0360 | 0.0329 | 0.0131
1875 0.0005 | 0.0139 | 0.0197 | 0.0117 | 0.0185 | 0.0133 | 0.0144 | 0.0223 | 0.0233 | 0.0228 | 0.0098
1925 0.0003 | 0.0171 | 0.0130 | 0.0146 | 0.0147 | 0.0067 | 0.0204 | 0.0192 | 0.0189 | 0.0181 | 0.0125
1975 0.0004 | 0.0099 | 0.0127 | 0.0072 | 0.0167 | 0.0157 | 0.0143 | 0.0147 | 0.0085 | 0.0144 | 0.0105
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Higher frequencies (Hohere Frequenzen)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [kHz] 1 [%] 1 [%] 1[%] 1[%] 11%] | | [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
2.1 0.0012 | 0.0379 | 0.0638 [ 0.0486 | 0.0493 | 0.0822 | 0.0577 | 0.0694 | 0.0538 | 0.0609 | 0.0509
2.3 0.0008 | 0.0358 [ 0.0551 [ 0.0405 | 0.0641 | 0.0627 | 0.0403 | 0.0567 | 0.0494 | 0.0249 | 0.0251
2.5 0.0003 | 0.0376 | 0.0271 [ 0.0278 | 0.0351 | 0.0373 | 0.0216 | 0.0578 | 0.0556 | 0.0588 | 0.0913
2.7 0.0005 | 0.0485 [ 0.0337 [0.0413 | 0.0313 | 0.0297 | 0.0164 | 0.0422 | 0.0215 | 0.0634 | 0.0741
2.9 0.0004 | 0.0278 | 0.0294 | 0.0206 | 0.0118 | 0.0291 | 0.0347 | 0.0174 | 0.0273 | 0.0351 | 0.0522
3.1 0.0006 | 0.0201 | 0.0233 [ 0.0416 | 0.0207 | 0.0477 | 0.0346 | 0.0226 | 0.0601 | 0.0631 | 0.0398
3.3 0.0004 | 0.0170 | 0.0191 [ 0.0259 | 0.0558 | 0.0212 | 0.0212 | 0.0384 | 0.0214 | 0.0284 | 0.0386
3.5 0.0004 | 0.0167 | 0.0204 [ 0.0267 | 0.0164 | 0.0374 | 0.0342 | 0.0255| 0.0393 | 0.0179 | 0.0172
3.7 0.0003 | 0.0217 | 0.0172 [ 0.0332 | 0.0233 | 0.0535 | 0.0263 | 0.0380 | 0.0323 | 0.0277 | 0.0273
3.9 0.0003 | 0.0175 | 0.0137 [ 0.0257 | 0.0281 | 0.0406 | 0.0339 | 0.0358 | 0.0468 | 0.0293 | 0.0193
4.1 0.0003 | 0.0197 | 0.0223 [ 0.0164 | 0.0294 | 0.0230 | 0.0238 | 0.0302 | 0.0185 | 0.0262 | 0.0373
4.3 0.0004 | 0.0262 | 0.0411 [ 0.0280 | 0.0188 | 0.0242 | 0.0376 | 0.0471 | 0.0299 | 0.0476 | 0.0276
4.5 0.0003 | 0.0226 | 0.0154 [ 0.0320 | 0.0269 | 0.0363 | 0.0348 | 0.0248 | 0.0405 | 0.0234 | 0.0249
4.7 0.0002 | 0.0260 | 0.0180 | 0.0264 | 0.0172 | 0.0232 | 0.0145 | 0.0286 | 0.0171 | 0.0306 | 0.0303
4.9 0.0001 | 0.0203 | 0.0184 | 0.0264 | 0.0209 | 0.0399 | 0.0230 | 0.0311 | 0.0324 | 0.0399 | 0.0527
5.1 0.0002 | 0.0130 | 0.0146 [ 0.0269 | 0.0331 | 0.0341 | 0.0155 | 0.0246 | 0.0189 | 0.0258 | 0.0302
5.3 0.0001 | 0.0214 | 0.0149 | 0.0278 | 0.0159 | 0.0297 | 0.0283 | 0.0368 | 0.0173 | 0.0380 | 0.0428
5.5 0.0002 | 0.0099 [ 0.0333 [0.0122 | 0.0226 | 0.0265 | 0.0326 | 0.0408 | 0.0194 | 0.0503 | 0.0295
5.7 0.0002 | 0.0330 | 0.0253 [ 0.0247 | 0.0386 | 0.0190 | 0.0218 | 0.0172 | 0.0381 | 0.0421 | 0.0337
5.9 0.0002 | 0.0381 | 0.0384 [ 0.0682 | 0.0659 | 0.0555 | 0.0597 | 0.0482 | 0.0713 | 0.0558 | 0.0531
6.1 0.0003 | 0.0269 | 0.0459 (0.0163 | 0.0279 | 0.0410 | 0.0446 | 0.0280 | 0.0398 | 0.0539 | 0.0502
6.3 0.0002 | 0.0190 | 0.0238 [ 0.0554 | 0.0361 | 0.0353 | 0.0670 | 0.0442 | 0.0351 | 0.0438 | 0.0603
6.5 0.0002 | 0.0444 | 0.0230 (0.0374 | 0.0472 | 0.0586 | 0.0400 | 0.0391 | 0.0335 | 0.0603 | 0.0704
6.7 0.0002 | 0.0216 | 0.0263 [ 0.0298 | 0.0346 | 0.0572 | 0.0548 | 0.0323 | 0.0362 | 0.0506 | 0.0670
6.9 0.0002 | 0.0310 | 0.0199 [ 0.0190 | 0.0286 | 0.0602 | 0.0308 | 0.0451 | 0.0877 | 0.0700 | 0.0669
7.1 0.0001 | 0.0300 | 0.0267 [ 0.0453 | 0.0634 | 0.0450 | 0.0357 | 0.0956 | 0.0505 | 0.0621 | 0.0796
7.3 0.0002 | 0.0245 | 0.0198 [ 0.0283 | 0.0169 | 0.0417 | 0.0401 | 0.0669 | 0.0978 | 0.1130 | 0.0392
7.5 0.0002 | 0.0220 | 0.0162 [ 0.0109 | 0.0289 | 0.0399 | 0.0481 | 0.0563 | 0.0839 | 0.1110 | 0.2270
7.7 0.0002 | 0.0086 | 0.0152 (0.0213 | 0.0148 | 0.0364 | 0.0353 | 0.0398 | 0.0612 | 0.1589 | 0.1469
7.9 0.0001 | 0.0071 | 0.0078 [ 0.0108 | 0.0240 | 0.0155 | 0.0295 | 0.0330 | 0.0532 | 0.0650 | 0.0758
8.1 0.0001 | 0.0106 | 0.0178 [ 0.0128 | 0.0159 | 0.0180 | 0.0204 | 0.0244 | 0.0362 | 0.0431 | 0.0191
8.3 0.0001 | 0.0131 | 0.0108 [ 0.0158 | 0.0179 | 0.0188 | 0.0153 | 0.0101 | 0.0134 | 0.0186 | 0.0218
8.5 0.0001 | 0.0064 | 0.0115 (0.0134 | 0.0145 | 0.0146 | 0.0177 | 0.0140 | 0.0092 | 0.0174 | 0.0192
8.7 0.0001 | 0.0051 | 0.0101 | 0.0101 | 0.0072 | 0.0154 | 0.0153 | 0.0162 | 0.0129 | 0.0195 | 0.0152
8.9 0.0001 | 0.0129 | 0.0097 | 0.0108 | 0.0159 | 0.0112 | 0.0101 | 0.0125 | 0.0151 | 0.0135 | 0.0198
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Model: iMars XG110KTR

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Ordinal number (Ordnungszahl) I [%] I [%] I [%] 1 [%)] 1[%] | |[%] I [%] 1[%] | | [%] 11%] | 1[%]
2 0.0462 | 0.0652 | 0.0288 [ 0.1341 | 0.0598 | 0.0184 | 0.1146 | 0.1325| 0.0523 | 0.0449 | 0.0696
3 0.5360 | 0.2651 | 1.2652 [ 0.5742| 0.2471 | 0.3994 | 0.3024 | 0.5534 | 0.3901 | 0.5659 | 0.5250
4 0.0465 | 0.0847 | 0.0189 | 0.0306 | 0.0290 | 0.0401 | 0.2170 | 0.1779( 0.1498 | 0.1144| 0.1575
5 0.3139 | 0.2458 | 0.3873 | 0.2978 | 0.5411 | 0.4585 | 0.1501 | 0.5411 | 0.1943 | 0.2359 | 0.1580
6 0.0143 | 0.0349| 0.0222 | 0.0210| 0.1124 | 0.1168 | 0.0332 [ 0.0520 | 0.0574 | 0.0598 | 0.0756
7 0.2524 | 0.2357| 0.2103 | 0.2518 | 0.1540 | 0.1164 | 0.1784 [ 0.1822 | 0.2966 | 0.2057 | 0.2793
8 0.0075 | 0.1029 | 0.0363 | 0.0579 | 0.0464 | 0.0288 | 0.0446 | 0.0629 | 0.0261 | 0.0463 | 0.0303
9 0.0608 | 0.1383 | 0.2115 | 0.2365 | 0.1150 | 0.2284 | 0.3369 [ 0.1944 ( 0.1313 | 0.1968 | 0.4397
10 0.0092 | 0.0204 | 0.0456 | 0.0363 | 0.0833 | 0.0459 | 0.0307 | 0.0944 | 0.0639 | 0.0682 | 0.1163
11 0.0085 | 0.0757 | 0.0323 | 0.5874 | 0.2013 | 0.1969 | 0.4506 | 0.3879 | 0.2306 | 0.3180 | 0.3941
12 0.0053 | 0.0871 | 0.0556 | 0.0756 | 0.0805 | 0.0869 | 0.1287 | 0.1689 | 0.0839 | 0.0670 | 0.0613
13 0.0160 | 0.1917 | 0.2101 | 0.0508 | 0.1748 | 0.0870 | 0.0880 | 0.2780 | 0.3962 | 0.4144 | 0.1338
14 0.0062 | 0.1000 | 0.0439 | 0.0485 | 0.0493 | 0.0360 | 0.0654 | 0.0835 | 0.0733 [ 0.0368 | 0.1632
15 0.0244 | 0.1146 | 0.0597 | 0.0772 | 0.2251 | 0.0738 | 0.0520 | 0.0281 | 0.0573 | 0.0411 | 0.1346
16 0.0032 | 0.0331| 0.0250 | 0.0619 | 0.0587 | 0.0359 | 0.0490 | 0.0383 | 0.0343 | 0.0459 | 0.1174
17 0.0027 | 0.0902 | 0.0480 | 0.5543 | 0.0450 | 0.0331 | 0.0999 | 0.2351| 0.3263 | 0.2787 | 0.4821
18 0.0046 | 0.1015| 0.0713 [ 0.0978 | 0.0492 | 0.0784 | 0.0389 | 0.0481| 0.1084 | 0.1038 | 0.0682
19 0.0022 | 0.2023 | 0.1406 | 0.3069 | 0.1093 | 0.0370 | 0.0468 | 0.0679 | 0.3538 | 0.2708 | 0.2484
20 0.0027 | 0.0814 | 0.0634 | 0.0402 | 0.1631 | 0.1054 | 0.0316 | 0.0257 | 0.0749 | 0.0506 | 0.1347
21 0.0060 | 0.1947] 0.3373 [ 0.3382| 0.2410 | 0.0758 | 0.1704 | 0.2547| 0.1739 | 0.1037 | 0.1425
22 0.0016 | 0.0978 | 0.0830 | 0.1232 | 0.0337 | 0.0450 | 0.0640 | 0.0330 | 0.0797 | 0.0587 | 0.2289
23 0.0076 | 0.2085 | 0.1823 | 0.0596 | 0.0797 | 0.1063 | 0.2619 | 0.1718 | 0.3864 | 0.2016 | 0.7993
24 0.0022 | 0.1429| 0.0512 | 0.0557 | 0.0387 | 0.0958 | 0.0734 | 0.1516 | 0.1504 | 0.1243 | 0.1966
25 0.0020 | 0.0911 | 0.4568 | 0.1776 | 0.1411 | 0.1862 | 0.2060 | 0.2035 | 0.2204 | 0.4010 | 0.6771
26 0.0022 | 0.0757 | 0.0745 | 0.0464 | 0.1829 | 0.0585 | 0.2334 | 0.0620 | 0.1468 | 0.0779 | 0.1145
27 0.0047 | 0.0930 | 0.1353 | 0.1049 | 0.2209 | 0.1076 | 0.1713 | 0.1560 | 0.0985 | 0.1902 | 0.2603
28 0.0034 | 0.0474 | 0.0585 [ 0.0916 | 0.0886 | 0.0787 | 0.0456 | 0.1201 | 0.1398 | 0.0770 | 0.0550
29 0.0022 | 0.2167| 0.2125 | 0.1872| 0.2900 | 0.2417 | 0.1577 [ 0.1819| 0.2593 | 0.4096 | 0.2547
30 0.0013 | 0.0458 | 0.0331 [ 0.1192 | 0.0555 | 0.0344 | 0.0663 | 0.1213| 0.0975 | 0.0739 | 0.1259
31 0.0006 | 0.0548 | 0.1156 { 0.1031| 0.1292 | 0.1919 | 0.2414 | 0.0771| 0.2827 | 0.2418 | 0.1491
32 0.0005 | 0.0332| 0.0302 [ 0.1190| 0.0788 | 0.0650 | 0.0395 | 0.0844 | 0.1391 | 0.0562 | 0.0410
33 0.0025 | 0.1336| 0.0838 [ 0.0733 | 0.0717 | 0.0789 | 0.0687 | 0.0841| 0.1392 | 0.1185 | 0.1074
34 0.0005 | 0.0301 | 0.0409 | 0.0226 | 0.0483 | 0.0222 | 0.0522 | 0.0505 | 0.1113 | 0.0369 | 0.0625
35 0.0017 | 0.0261 | 0.0167 | 0.0685 | 0.0451 | 0.4672 | 0.1420| 0.1352 | 0.1970 | 0.2143 | 0.1760
36 0.0005 | 0.0291 | 0.1071 | 0.0566 | 0.0688 | 0.0780 | 0.0701 | 0.0374 | 0.0470 | 0.0386 | 0.0812
37 0.0005 | 0.0606 | 0.0826 | 0.0670 | 0.0456 | 0.1750 | 0.0830 | 0.0673 | 0.0836 | 0.0790 | 0.0603
38 0.0002 | 0.0238 | 0.0326 | 0.0423 | 0.0477 | 0.0112 | 0.0324 | 0.0453 | 0.0145 | 0.0191 | 0.0331
39 0.0004 | 0.0379 | 0.0554 | 0.0252 | 0.0335 | 0.0178 | 0.0300 | 0.0385 | 0.0107 | 0.0340 | 0.0547
40 0.0005 | 0.0182 | 0.0092 | 0.0074 | 0.0095 | 0.0353 | 0.0466 | 0.0236 | 0.0171 | 0.0519 | 0.0333
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Inter-harmonics (Zwischenharmonische)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [Hz] 1 [%)] I [%] 1 [%)] 1 [%)] 1[%] | |[%] I [%] 1[%] | | [%] 11%] | 1[%]
75 0.0883 | 0.0630 | 0.0844 | 0.0629 | 0.0354 | 0.0383 | 0.2046 | 0.0545 | 0.1031 | 0.0513 | 0.0058
125 0.0340 | 0.0204 | 0.0191 | 0.0635 | 0.0313 | 0.0305 | 0.0280 | 0.0414 | 0.0350 | 0.0471 | 0.0066
175 0.0076 | 0.0374 | 0.0284 | 0.0227 | 0.0204 | 0.0112 | 0.0135| 0.0264 | 0.0454 | 0.0502 | 0.0037
225 0.0165 | 0.0398 | 0.0178 | 0.0443| 0.0227 | 0.0225 | 0.0167 | 0.0234 | 0.0141 | 0.0309 | 0.0108
275 0.0125 | 0.0484 | 0.0327 { 0.0210| 0.0289 | 0.0134 | 0.0083 | 0.0344 | 0.0228 | 0.0297 | 0.0104
325 0.0185 | 0.0241 | 0.0121 | 0.0104 | 0.0222 | 0.0324 | 0.0096 | 0.0261 | 0.0317 | 0.0253 | 0.0050
375 0.0135 | 0.0093 | 0.0125 | 0.0105| 0.0300 | 0.0156 | 0.0317 | 0.0155| 0.0261 | 0.0247 | 0.0180
425 0.0074 | 0.0202 | 0.0079 | 0.0201 | 0.0261 | 0.0223 | 0.0181 | 0.0217 | 0.0271 | 0.0397 | 0.0036
475 0.0031 | 0.0127 | 0.0192 | 0.0112 | 0.0271 | 0.0268 | 0.0127 | 0.0270 | 0.0213 | 0.0376 | 0.0059
525 0.0088 | 0.0251 | 0.0371 [ 0.0132| 0.0120 | 0.0518 | 0.0457 [ 0.0174 | 0.0347 | 0.0496 | 0.0112
575 0.0097 | 0.0163 | 0.0535 | 0.0114 | 0.0238 | 0.0320 | 0.0270 | 0.0359 | 0.0821 | 0.0208 | 0.0122
625 0.0031 | 0.0143| 0.0276 | 0.0272 | 0.0366 | 0.0659 | 0.0443 | 0.0445| 0.0121 | 0.0878 | 0.0095
675 0.0113 | 0.0361 | 0.0473 | 0.0293 | 0.0230 | 0.0215 | 0.0205 | 0.0271 | 0.0686 | 0.0119 | 0.0115
725 0.0038 | 0.0156 | 0.0178 | 0.0203 | 0.0253 | 0.0104 | 0.0171 | 0.0155 | 0.0390 | 0.0165 | 0.0075
775 0.0043 | 0.0340 | 0.0140 | 0.0211 | 0.0155 | 0.0392 | 0.0292 | 0.0196 | 0.0149 | 0.0237 | 0.0038
825 0.0047 | 0.0071 | 0.0542 | 0.0095 | 0.0141 | 0.0497 | 0.0265 | 0.0307 | 0.0298 | 0.0171 | 0.0072
875 0.0019 | 0.0236 | 0.0498 | 0.0274 | 0.0238 | 0.0269 | 0.0425 | 0.0542 | 0.0240 | 0.0209 | 0.0096
925 0.0027 | 0.0147 | 0.0182 | 0.0167 | 0.0378 | 0.0202 | 0.0266 | 0.0137 | 0.0262 | 0.0235| 0.0124
975 0.0029 | 0.0207 | 0.0484 | 0.0099 | 0.0194 | 0.0505 | 0.0204 | 0.0297 | 0.0477 | 0.0162 | 0.0075
1025 0.0023 | 0.0200 | 0.0503 | 0.0352 | 0.0126 | 0.0247 | 0.0288 | 0.0493 | 0.0669 | 0.0649 | 0.0068
1075 0.0028 | 0.0252 | 0.0218 | 0.0389 | 0.0154 | 0.0308 | 0.0252 | 0.0335 | 0.0267 | 0.0926 | 0.0056
1125 0.0035 | 0.0290 | 0.0456 | 0.0390 | 0.0460 | 0.0769 | 0.0466 | 0.0200 | 0.0667 | 0.0251 | 0.0193
1175 0.0010 | 0.0381 | 0.0285 | 0.0891 | 0.0408 | 0.0663 | 0.0963 | 0.0797 | 0.0394 | 0.0494 | 0.0243
1225 0.0008 | 0.0431 | 0.0251 | 0.0555 | 0.0346 | 0.0543 | 0.0731 | 0.1358 | 0.0342 | 0.0545 | 0.0081
1275 0.0017 | 0.0326 | 0.0406 | 0.0352 | 0.0818 | 0.0506 | 0.0436 | 0.1117 | 0.0385 | 0.0899 | 0.0041
1325 0.0006 | 0.0384 | 0.0283 | 0.0351 | 0.0174 | 0.0295 | 0.0451 | 0.0607 | 0.0261 | 0.0300 | 0.0123
1375 0.0008 | 0.0296 | 0.0184 | 0.0345 | 0.0384 | 0.0469 | 0.0156 | 0.0097 | 0.0521 | 0.0802 | 0.0092
1425 0.0015 | 0.0110 | 0.0159 | 0.0132 | 0.0138 | 0.0190 | 0.0440|0.0217 | 0.0697 | 0.0189 | 0.0151
1475 0.0008 | 0.0215 | 0.0147 | 0.0222 | 0.0282 | 0.0339 | 0.0242 | 0.0308 | 0.0588 | 0.0278 | 0.0138
1525 0.0006 | 0.0095 | 0.0371 | 0.0346 | 0.0280 | 0.0344 | 0.0234 | 0.0192 | 0.0339 | 0.0221 | 0.0085
1575 0.0004 | 0.0141 | 0.0093 | 0.0251 | 0.0465 | 0.0465 | 0.0195| 0.0494 | 0.0204 | 0.0252 | 0.0384
1625 0.0007 | 0.0221 | 0.0098 | 0.0189 | 0.0186 | 0.0102 | 0.0282 | 0.0215 | 0.0253 | 0.0451 | 0.0272
1675 0.0004 | 0.0176 | 0.0209 | 0.0141 | 0.0317 | 0.0283 | 0.0216 | 0.0363 | 0.0356 | 0.0075 | 0.0068
1725 0.0006 | 0.0200 | 0.0104 | 0.0148 | 0.0077 | 0.0377 | 0.0229 | 0.0177 | 0.0268 | 0.0148 | 0.0204
1775 0.0005 | 0.0132| 0.0108 | 0.0257 | 0.0360 | 0.0149 | 0.0110 | 0.0217 | 0.0221 | 0.0175| 0.0146
1825 0.0008 | 0.0195 | 0.0394 | 0.0222 | 0.0330 | 0.0251 | 0.0134 | 0.0306 | 0.0423 | 0.0260 | 0.0116
1875 0.0005 | 0.0152 | 0.0255 | 0.0119 | 0.0223 | 0.0167 | 0.0117 | 0.0309 | 0.0153 | 0.0191 | 0.0114
1925 0.0004 | 0.0107 | 0.0098 | 0.0121 | 0.0075 | 0.0061 | 0.0188 | 0.0180 | 0.0197 | 0.0209 | 0.0145
1975 0.0003 | 0.0147 | 0.0147 [ 0.0084 | 0.0127 | 0.0175 | 0.0123 [ 0.0159 | 0.0071 | 0.0132 | 0.0084
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Higher frequencies (Hohere Frequenzen)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [kHz] 1[%] 1 [%] 1[%] 1[%] 11%] | | [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
2.1 0.0011 | 0.0495 | 0.0592 [ 0.0380 | 0.0327 | 0.0724 | 0.0887 | 0.0724 | 0.0618 | 0.0410 | 0.0726
2.3 0.0008 | 0.0263 | 0.0598 [ 0.0461 | 0.0294 | 0.0697 | 0.0326 | 0.0354 | 0.0573 | 0.0633 | 0.0724
2.5 0.0005 | 0.0404 | 0.0165 [ 0.0528 | 0.0234 | 0.0227 | 0.0328 | 0.0198 | 0.0330 | 0.0378 | 0.0878
2.7 0.0006 | 0.0633 | 0.0267 {0.0192 | 0.0279 | 0.0410 | 0.0316 | 0.0344 | 0.0452 | 0.0468 | 0.0605
2.9 0.0004 | 0.0244 | 0.0237 (0.0344 | 0.0271 | 0.0293 | 0.0309 | 0.0185 | 0.0197 | 0.0369 | 0.0502
3.1 0.0004 | 0.0236 | 0.0441 | 0.0468 | 0.0598 | 0.0317 | 0.0237 | 0.0319 | 0.0515 | 0.0453 | 0.0627
3.3 0.0003 | 0.0362 | 0.0359 [ 0.0268 | 0.0379 | 0.0315 | 0.0229 | 0.0304 | 0.0165 | 0.0324 | 0.0166
3.5 0.0004 | 0.0161 | 0.0320 | 0.0211 | 0.0168 | 0.0171 | 0.0191 [ 0.0363 | 0.0273 | 0.0423 | 0.0151
3.7 0.0002 | 0.0253 | 0.0236 {0.0171 | 0.0396 | 0.0555 | 0.0233 | 0.0205 | 0.0448 | 0.0378 | 0.0336
3.9 0.0003 | 0.0304 | 0.0340 [ 0.0392 | 0.0185 | 0.0300 | 0.0257 | 0.0281 | 0.0220 | 0.0479 | 0.0338
4.1 0.0003 | 0.0191 | 0.0214 (0.0097 | 0.0327 | 0.0218 | 0.0282 | 0.0248 | 0.0227 | 0.0292 | 0.0220
4.3 0.0004 | 0.0270 | 0.0222 {0.0234 | 0.0193 | 0.0314 | 0.0334 | 0.0224 | 0.0189 | 0.0490 | 0.0292
4.5 0.0002 | 0.0111 | 0.0166 [ 0.0207 | 0.0330 | 0.0338 | 0.0223 | 0.0216 | 0.0137 | 0.0289 | 0.0270
4.7 0.0002 | 0.0161 | 0.0134 [ 0.0269 | 0.0225 | 0.0253 | 0.0289 | 0.0158 | 0.0232 | 0.0227 | 0.0243
4.9 0.0003 | 0.0261 | 0.0357 {0.0223 | 0.0307 | 0.0279 | 0.0411 | 0.0397 | 0.0313 | 0.0400 | 0.0242
5.1 0.0003 | 0.0283 | 0.0134 [ 0.0293 | 0.0297 | 0.0283 | 0.0217 | 0.0217 | 0.0294 | 0.0328 | 0.0156
5.3 0.0003 | 0.0242 | 0.0169 | 0.0300 | 0.0288 | 0.0287 | 0.0313 | 0.0167 | 0.0212 | 0.0150 | 0.0269
5.5 0.0002 | 0.0185 | 0.0350 [ 0.0106 | 0.0356 | 0.0337 | 0.0160 | 0.0165 | 0.0460 | 0.0414 | 0.0584
5.7 0.0002 | 0.0122 | 0.0171 { 0.0157 | 0.0303 | 0.0175 | 0.0361 | 0.0434 | 0.0286 | 0.0354 | 0.0466
5.9 0.0003 | 0.0285 | 0.0602 | 0.0288 | 0.0325 | 0.0573 | 0.0417 [ 0.0501 | 0.0685 | 0.0571 | 0.0438
6.1 0.0001 | 0.0347 | 0.0186 | 0.0268 | 0.0241 | 0.0371 | 0.0234 [ 0.0643 | 0.0571 | 0.0426 | 0.0349
6.3 0.0002 | 0.0299 | 0.0180 | 0.0295 | 0.0468 | 0.0476 | 0.0659 | 0.0448 | 0.0315 | 0.0373 [ 0.0718
6.5 0.0001 | 0.0235 | 0.0239 [ 0.0306 | 0.0605 | 0.0274 | 0.0556 | 0.0570 | 0.0383 | 0.0346 | 0.0432
6.7 0.0002 | 0.0229 | 0.0179 | 0.0205 | 0.0268 | 0.0561 | 0.0622 [ 0.0370 | 0.0708 | 0.0622 | 0.0462
6.9 0.0003 | 0.0400 | 0.0292 | 0.0439 | 0.0590 | 0.0569 | 0.0571 [ 0.0782 | 0.0887 | 0.0694 | 0.0793
7.1 0.0001 | 0.0238 | 0.0330 | 0.0375 | 0.0508 | 0.0394 | 0.0802 [ 0.0794 | 0.0679 | 0.0563 | 0.0801
7.3 0.0002 | 0.0176 | 0.0172 { 0.0204 | 0.0304 | 0.0457 | 0.0686 | 0.0513 | 0.1085 | 0.0963 | 0.0430
7.5 0.0001 | 0.0112 | 0.0250 | 0.0152 | 0.0133 | 0.0237 | 0.0366 [ 0.0578 | 0.0499 | 0.1260 | 0.1794
7.7 0.0003 | 0.0120 | 0.0100 | 0.0225 | 0.0303 | 0.0321 | 0.0223 [ 0.0281 | 0.0504 | 0.1175 | 0.1718
7.9 0.0001 | 0.0087 | 0.0172 {0.0130 | 0.0228 | 0.0201 | 0.0139 [ 0.0163 | 0.0305 | 0.0539 | 0.0500
8.1 0.0001 | 0.0134 | 0.0201 {0.0130| 0.0187 | 0.0147 | 0.0248 | 0.0313 | 0.0144 | 0.0220 | 0.0312
8.3 0.0001 | 0.0174 | 0.0156 | 0.0144 | 0.0228 | 0.0125 | 0.0170 | 0.0186 | 0.0272 | 0.0170 | 0.0169
8.5 0.0001 | 0.0051 | 0.0090 | 0.0056 | 0.0143 | 0.0060 | 0.0124 [ 0.0135 | 0.0089 | 0.0098 | 0.0208
8.7 0.0001 | 0.0064 | 0.0084 | 0.0050 | 0.0088 | 0.0137 | 0.0147 | 0.0061 | 0.0070 | 0.0142 | 0.0206
8.9 0.0001 | 0.0059 | 0.0103 | 0.0069 | 0.0081 | 0.0115 | 0.0140 | 0.0184 | 0.0125 | 0.0179 | 0.0121
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Model: iMars XG110KTR-F

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Ordinal number (Ordnungszahl) I [%] I [%] I [%] 1 [%)] 1[%] | I[%] I [%] 1[%] | | [%] 11%] | 1[%]
2 0.0559 | 0.0420| 0.0183 [ 0.0764 | 0.0315 | 0.0183 | 0.1553 | 0.0726 | 0.0275 | 0.0741 | 0.0328
3 0.6100 | 0.3789| 0.5485 | 0.6550| 0.2374 | 0.2187 | 0.5387 | 0.2204 | 0.4168 | 0.7068 | 0.4715
4 0.0242 | 0.0661 | 0.0142 | 0.0326 | 0.0340 | 0.0878 | 0.0829 [ 0.1191 | 0.1373 | 0.0577 | 0.1417
5 0.2545 | 0.1443] 0.3716 | 0.1817 | 0.4936 | 0.2102 | 0.2508 | 0.4306 | 0.1573 | 0.2433 | 0.2170
6 0.0243 | 0.0234| 0.0218 | 0.0362 | 0.0912 | 0.1069 | 0.0469 | 0.0637 | 0.0911 | 0.0549 | 0.0775
7 0.1386 | 0.2118 | 0.1908 | 0.1033 | 0.0684 | 0.2305 | 0.1331 | 0.1767 | 0.3601 | 0.2416 | 0.3752
8 0.0071 | 0.1219 | 0.0866 | 0.0954 | 0.0363 | 0.0265 | 0.0214 | 0.0405 | 0.0154 | 0.0334 | 0.0242
9 0.0705 | 0.2327] 0.1891 | 0.4971 | 0.2868 | 0.2623 | 0.2150 | 0.1356 | 0.2048 | 0.3402 | 0.3398
10 0.0056 | 0.0330| 0.0273 | 0.0284 | 0.1418 | 0.0231 | 0.0254 [ 0.1222 | 0.0467 | 0.0746 | 0.0817
11 0.0059 | 0.0310 | 0.0244 | 0.2937 | 0.4949 | 0.1532 | 0.5657 | 0.3230 | 0.4689 | 0.5484 | 0.2121
12 0.0053 | 0.1336 | 0.0448 | 0.2002 | 0.0631 | 0.1134 | 0.1039 | 0.1589 | 0.0909 | 0.1268 | 0.0678
13 0.0112 | 0.1569 | 0.2180 | 0.0904 | 0.1442 | 0.0637 | 0.1236 | 0.3544 | 0.1827 | 0.5680 | 0.3155
14 0.0078 | 0.0450 | 0.0211 | 0.0361 | 0.0527 | 0.0135 | 0.0975 | 0.0503 | 0.0630 | 0.0521 | 0.0579
15 0.0182 | 0.1873 | 0.1013 | 0.0811 | 0.2481 | 0.0973 | 0.0659 | 0.0351 | 0.0472 | 0.0440 | 0.0975
16 0.0016 | 0.0415| 0.0193 [ 0.0390 | 0.0433 | 0.0489 | 0.0626 | 0.0178 | 0.0445 | 0.1042 | 0.1091
17 0.0057 | 0.1059| 0.0561 | 0.2768 | 0.0363 | 0.0671 | 0.1410| 0.5235| 0.1472 | 0.1479 | 0.4793
18 0.0058 | 0.0635 | 0.1026 | 0.0930 | 0.0640 | 0.0697 | 0.0231 | 0.0854 | 0.0718 | 0.1505 | 0.0859
19 0.0032 | 0.3219| 0.0756 | 0.3181 | 0.1077 | 0.0486 | 0.0765 | 0.1198 | 0.3215 | 0.5306 | 0.1591
20 0.0029 | 0.0803 | 0.0576 | 0.0527 | 0.1415 | 0.1007 | 0.0510 | 0.0316 | 0.0681 | 0.0543 | 0.0919
21 0.0092 | 0.5022 | 0.2888 [ 0.3613 | 0.2903 | 0.0538 | 0.1957 | 0.2646 | 0.1372 | 0.1850 | 0.1842
22 0.0007 | 0.1574 | 0.0732 | 0.0987 | 0.0606 | 0.0450 | 0.0674 | 0.0255 | 0.0532 | 0.0764 | 0.1476
23 0.0073 | 0.0719| 0.1370 | 0.0724 | 0.1364 | 0.0715 | 0.1147 | 0.1240 | 0.2736 | 0.3636 | 0.9289
24 0.0016 | 0.0728 | 0.1275 | 0.0636 | 0.0495 | 0.1171 | 0.0976 | 0.0831 | 0.1387 | 0.0681 | 0.2551
25 0.0027 | 0.1149 | 0.3867 | 0.1867 | 0.2263 | 0.1549 | 0.1996 | 0.2285 | 0.1817 | 0.1855 | 0.6397
26 0.0011 | 0.0765 | 0.0811 | 0.1167 | 0.1976 | 0.1186 | 0.1172 | 0.0697 | 0.1461 | 0.0591 | 0.0979
27 0.0033 | 0.0981| 0.1704 | 0.1481 | 0.2588 | 0.0441 | 0.2069 | 0.1183 | 0.0851 | 0.2151 | 0.3369
28 0.0020 | 0.0540| 0.0684 | 0.0641 | 0.0475 | 0.1467 | 0.0742 | 0.0582 | 0.1930 | 0.0801 | 0.1025
29 0.0020 | 0.0984 | 0.2290 | 0.0966 | 0.3611 | 0.6597 | 0.1710| 0.1257 | 0.1648 | 0.6079 | 0.4250
30 0.0010 | 0.0899 | 0.0420 [ 0.0841 | 0.0419 | 0.0627 | 0.0310| 0.1283 | 0.0984 | 0.0444 | 0.1205
31 0.0004 | 0.0510| 0.0693 [ 0.0868 | 0.1182 | 0.1452 | 0.2303 | 0.0884 | 0.1787 | 0.2210 | 0.0949
32 0.0005 | 0.0391| 0.0385 [ 0.0749 | 0.0659 | 0.0951 | 0.0214 | 0.0397 | 0.0943 | 0.0627 | 0.0758
33 0.0013 | 0.0755| 0.0428 [ 0.1790 | 0.0569 | 0.0447 | 0.0761 | 0.0947 | 0.1431 | 0.1515 | 0.1695
34 0.0011 | 0.0208 | 0.0382 | 0.0263 | 0.0560 | 0.0259 | 0.0634 | 0.0492 | 0.0683 | 0.0251 | 0.1269
35 0.0021 | 0.0298 | 0.0218 | 0.1389 | 0.0476 | 0.3710 | 0.2049 | 0.0847 | 0.1468 | 0.1496 | 0.1827
36 0.0004 | 0.0532 | 0.0727 | 0.0438 | 0.0338 | 0.0854 | 0.0483 | 0.0297 | 0.0687 | 0.0631 | 0.0928
37 0.0004 | 0.0344 | 0.0828 | 0.0744 | 0.0542 | 0.1331 | 0.0929 | 0.0813 | 0.0484 | 0.1266 | 0.0925
38 0.0002 | 0.0168 | 0.0401 | 0.0250 | 0.0369 | 0.0134 | 0.0571 | 0.0476 | 0.0157 | 0.0353 | 0.0259
39 0.0003 | 0.0359 | 0.0405 | 0.0229 | 0.0222 | 0.0119 | 0.0343 | 0.0337 | 0.0155 | 0.0438 | 0.0544
40 0.0004 | 0.0170 | 0.0097 | 0.0166 | 0.0170 | 0.0208 | 0.0399 | 0.0278 | 0.0135 | 0.0531 | 0.0287
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Inter-harmonics (Zwischenharmonische)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [Hz] I [%] I [%] 1 [%)] 1 [%)] 1[%] | |[%] I [%] 1[%] | | [%] 11%] | 1[%]
75 0.0737 | 0.0402 | 0.1708 | 0.0856 | 0.0720 | 0.0608 | 0.2153 | 0.0579 | 0.0528 | 0.1183 | 0.0081
125 0.0279 | 0.0119 | 0.0254 | 0.0544 | 0.0198 | 0.0384 | 0.0342 | 0.0415 | 0.0362 | 0.0415| 0.0030
175 0.0169 | 0.0351 | 0.0462 | 0.0227 | 0.0154 | 0.0169 | 0.0194 | 0.0243 | 0.0625 | 0.0386 | 0.0079
225 0.0083 | 0.0208 | 0.0262 | 0.0308 | 0.0372 | 0.0251 | 0.0241 | 0.0183 | 0.0222 | 0.0346 | 0.0183
275 0.0126 | 0.0489 | 0.0267 | 0.0265 | 0.0309 | 0.0223 | 0.0132 | 0.0317 | 0.0360 | 0.0116 | 0.0285
325 0.0097 | 0.0153 | 0.0213 | 0.0134 | 0.0102 | 0.0394 | 0.0105 | 0.0136 | 0.0261 | 0.0241 | 0.0066
375 0.0218 | 0.0110 | 0.0159 | 0.0138 | 0.0328 | 0.0113 | 0.0364 | 0.0250 | 0.0310 | 0.0572 | 0.0154
425 0.0031 | 0.0197 | 0.0068 | 0.0127 | 0.0197 | 0.0122 | 0.0203 | 0.0322 | 0.0253 | 0.0551 | 0.0077
475 0.0058 | 0.0197 | 0.0133 | 0.0128 | 0.0311 | 0.0365 | 0.0203 | 0.0185 | 0.0451 | 0.0336 | 0.0073
525 0.0046 | 0.0184 | 0.0412 | 0.0323 | 0.0225 | 0.0246 | 0.0234 | 0.0162 | 0.0364 | 0.0557 | 0.0086
575 0.0112 | 0.0432| 0.0547 [ 0.0139 | 0.0340 | 0.0319 | 0.0514 | 0.0254 | 0.0717 | 0.0540 | 0.0298
625 0.0056 | 0.0095 | 0.0398 | 0.0488 | 0.0212 | 0.0279 | 0.0212 | 0.0328 | 0.0117 | 0.0390 | 0.0065
675 0.0103 | 0.0412 | 0.0476 | 0.0203 | 0.0165 | 0.0419 | 0.0180 | 0.0486 | 0.0421 | 0.0291 | 0.0142
725 0.0032 | 0.0196 | 0.0222 ( 0.0119 | 0.0283 | 0.0211 | 0.0128 | 0.0351 | 0.0409 | 0.0236 | 0.0075
775 0.0029 | 0.0384 | 0.0197 | 0.0223 | 0.0149 | 0.0168 | 0.0231 | 0.0187 | 0.0190 | 0.0115 | 0.0059
825 0.0050 | 0.0118 | 0.0482 | 0.0193 | 0.0193 | 0.0515 | 0.0151 | 0.0143 | 0.0258 | 0.0202 | 0.0064
875 0.0012 | 0.0292 | 0.0419 | 0.0378 | 0.0128 | 0.0408 | 0.0210| 0.0401 | 0.0379 | 0.0252 | 0.0097
925 0.0038 | 0.0113 | 0.0202 | 0.0170 | 0.0305 | 0.0387 | 0.0203 | 0.0283 | 0.0353 | 0.0406 | 0.0108
975 0.0029 | 0.0196 | 0.0409 | 0.0136 | 0.0250 | 0.0513 | 0.0153 | 0.0726 | 0.0560 | 0.0247 | 0.0085
1025 0.0028 | 0.0375 | 0.0423 | 0.0412 | 0.0134 | 0.0165 | 0.0194 | 0.0271 | 0.0276 | 0.0736 | 0.0093
1075 0.0044 | 0.0193 | 0.0296 | 0.0144 | 0.0182 | 0.0299 | 0.0561 | 0.0454 | 0.0447 | 0.0347 | 0.0051
1125 0.0030 | 0.0156 | 0.0362 | 0.0327 | 0.0772 | 0.0853 | 0.0566 | 0.0205 | 0.1008 | 0.0241 | 0.0122
1175 0.0012 | 0.0387 | 0.0327 [ 0.0492 | 0.0635 | 0.0317 | 0.0960 | 0.0528 | 0.0707 | 0.0751 | 0.0272
1225 0.0019 | 0.0531 | 0.0359 | 0.0660 | 0.0476 | 0.0578 | 0.0795 | 0.1416 | 0.0281 | 0.0675 | 0.0124
1275 0.0012 | 0.0330| 0.0507 | 0.0254 | 0.0920 | 0.0410 | 0.0326 | 0.1216 | 0.0923 | 0.0886 | 0.0071
1325 0.0010 | 0.0400 | 0.0160 | 0.0556 | 0.0147 | 0.0327 | 0.0704 | 0.0313 | 0.0637 | 0.0221 | 0.0141
1375 0.0009 | 0.0290 | 0.0122 | 0.0481 | 0.0315 | 0.0541 | 0.0380 | 0.0156 | 0.0277 | 0.0390 | 0.0058
1425 0.0008 | 0.0118 | 0.0109 | 0.0123 | 0.0161 | 0.0137 | 0.0315|0.0168 | 0.0474 | 0.0225| 0.0133
1475 0.0009 | 0.0185 | 0.0137 | 0.0133 | 0.0182 | 0.0325 | 0.0301 | 0.0261 | 0.0628 | 0.0220| 0.0230
1525 0.0005 | 0.0120 | 0.0292 | 0.0217 | 0.0107 | 0.0329 | 0.0250| 0.0166 | 0.0284 | 0.0137 | 0.0066
1575 0.0007 | 0.0376 | 0.0138 | 0.0279 | 0.0281 | 0.0381 | 0.0137 | 0.0186 | 0.0172 | 0.0342 | 0.0283
1625 0.0008 | 0.0203 | 0.0203 | 0.0112 | 0.0134 | 0.0130 | 0.0220| 0.0322 | 0.0393 | 0.0372| 0.0124
1675 0.0003 | 0.0101 | 0.0151 | 0.0106 | 0.0316 | 0.0143 | 0.0283 | 0.0125 | 0.0245 | 0.0085 | 0.0077
1725 0.0007 | 0.0162 | 0.0208 | 0.0129 | 0.0205 | 0.0406 | 0.0362 | 0.0242 | 0.0265 | 0.0087 | 0.0115
1775 0.0003 | 0.0143| 0.0095 | 0.0288 | 0.0159 | 0.0085 | 0.0095 | 0.0205 | 0.0190 | 0.0172 | 0.0173
1825 0.0008 | 0.0111 | 0.0349 | 0.0210 | 0.0329 | 0.0108 | 0.0258 | 0.0185 | 0.0304 | 0.0327 | 0.0175
1875 0.0006 | 0.0168 | 0.0258 | 0.0145| 0.0145 | 0.0137 | 0.0188 | 0.0234 | 0.0223 | 0.0254 | 0.0082
1925 0.0004 | 0.0252 | 0.0193 | 0.0100 | 0.0199 | 0.0096 | 0.0172 | 0.0249 | 0.0125 | 0.0243 | 0.0072
1975 0.0006 | 0.0148 | 0.0188 | 0.0064 | 0.0103 | 0.0192 | 0.0089 | 0.0138 | 0.0049 | 0.0169 | 0.0085
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Higher frequencies (Hohere Frequenzen)

Active power (Wirkleistung) P/Py, [%] 0 10 20 30 40 50 60 70 80 90 100
Frequency (Frequenz) [kHz] 1[%] 1 [%] 1[%] 1[%] 11%] | | [%] 1 [%] 11%] | | [%] 1[%] | 1[%]
2.1 0.0007 | 0.0740 | 0.0397 | 0.0246 | 0.0628 | 0.0520 | 0.0870 | 0.0771 | 0.0558 | 0.0819 | 0.0907
2.3 0.0003 | 0.0335| 0.0293 | 0.0240 | 0.0611 | 0.0568 | 0.0586 | 0.0253 | 0.0395 | 0.0388 | 0.0385
2.5 0.0003 | 0.0320 | 0.0240 | 0.0408 | 0.0583 [ 0.0265 | 0.0364 | 0.0429 | 0.0605 | 0.0749 | 0.0676
2.7 0.0003 | 0.0466 | 0.0372 | 0.0257 | 0.0351 | 0.0222 | 0.0185 | 0.0344 | 0.0243 [ 0.0316 | 0.0339
2.9 0.0002 | 0.0159 | 0.0282 | 0.0133 | 0.0205 | 0.0198 | 0.0218 { 0.0343 | 0.0358 [ 0.0414 | 0.0360
3.1 0.0006 | 0.0288 | 0.0398 | 0.0317 | 0.0562 | 0.0384 | 0.0507 | 0.0264 | 0.0226 | 0.0424 | 0.0543
3.3 0.0003 | 0.0318 | 0.0253 | 0.0280 | 0.0563 | 0.0256 | 0.0397 [ 0.0450 | 0.0326 | 0.0148 | 0.0451
3.5 0.0004 | 0.0136 | 0.0240 | 0.0321 | 0.0391 | 0.0369 [ 0.0389 [ 0.0189 | 0.0355 | 0.0160 | 0.0178
3.7 0.0004 | 0.0123 | 0.0262 | 0.0253 | 0.0254 | 0.0511 | 0.0453 [ 0.0311 | 0.0264 | 0.0332 | 0.0236
3.9 0.0002 | 0.0177 | 0.0339 | 0.0299 | 0.0151 | 0.0385 | 0.0305 | 0.0387 | 0.0389 [ 0.0385 | 0.0339
4.1 0.0003 | 0.0095 | 0.0130 | 0.0170 | 0.0319 | 0.0192 | 0.0289 | 0.0296 | 0.0255 | 0.0210| 0.0173
4.3 0.0002 | 0.0305 | 0.0281 | 0.0180 | 0.0253 | 0.0412 [ 0.0398 [ 0.0471 | 0.0189 | 0.0542 | 0.0375
4.5 0.0002 | 0.0208 | 0.0192 | 0.0144 | 0.0161 | 0.0266 | 0.0295 [ 0.0168 | 0.0205 | 0.0162 | 0.0363
4.7 0.0002 | 0.0197 | 0.0288 | 0.0197 | 0.0123 | 0.0184 | 0.0202 | 0.0169 | 0.0194 | 0.0139| 0.0222
4.9 0.0001 | 0.0139 | 0.0355 | 0.0176 | 0.0333 | 0.0406 | 0.0202 | 0.0182 | 0.0252 [ 0.0320 | 0.0355
5.1 0.0002 | 0.0272 | 0.0307 | 0.0301 | 0.0256 | 0.0171 [ 0.0374 ( 0.0324 | 0.0190 | 0.0333 | 0.0278
5.3 0.0002 | 0.0142 | 0.0188 | 0.0324 | 0.0231 | 0.0228 | 0.0316 | 0.0149 | 0.0354 [ 0.0387| 0.0173
5.5 0.0003 | 0.0113 | 0.0154 | 0.0172 | 0.0337 [ 0.0177 [ 0.0212 [ 0.0422 | 0.0230 | 0.0225 | 0.0415
5.7 0.0001 | 0.0299 | 0.0366 | 0.0274 | 0.0409 | 0.0393 | 0.0211 { 0.0438 | 0.0308 [ 0.0328 | 0.0362
5.9 0.0002 | 0.0346 | 0.0606 | 0.0313 | 0.0667 | 0.0240 | 0.0680 [ 0.0490 | 0.0520 | 0.0453 | 0.0292
6.1 0.0002 | 0.0271 | 0.0447 | 0.0424 | 0.0309 | 0.0377 [ 0.0282 [ 0.0354 | 0.0331 | 0.0444 | 0.0753
6.3 0.0001 | 0.0490 | 0.0402 | 0.0571 | 0.0589 [ 0.0370 | 0.0660 [ 0.0369 | 0.0482 | 0.0493 | 0.0704
6.5 0.0002 | 0.0197 | 0.0320 | 0.0300 | 0.0565 | 0.0241 | 0.0490 [ 0.0297 | 0.0558 | 0.0639 | 0.0454
6.7 0.0003 | 0.0240 | 0.0285 | 0.0186 | 0.0534 | 0.0585 [ 0.0523 [ 0.0576 | 0.0320 | 0.0573 | 0.0632
6.9 0.0002 | 0.0371 | 0.0409 | 0.0389 | 0.0325 [ 0.0753 [ 0.0772 | 0.0624 | 0.0369 | 0.0359 | 0.0385
7.1 0.0001 | 0.0200 | 0.0318 | 0.0436 | 0.0539 [ 0.0596 | 0.0623 [ 0.0609 | 0.0818 | 0.0669 | 0.0866
7.3 0.0003 | 0.0185 | 0.0125 | 0.0186 | 0.0275 | 0.0278 [ 0.0448 [ 0.0611 | 0.0951 | 0.0956 | 0.0575
7.5 0.0001 | 0.0185 | 0.0094 | 0.0238 | 0.0215 [ 0.0325 [ 0.0392 [ 0.0573 | 0.0845 [ 0.1176 | 0.1816
7.7 0.0003 | 0.0099 | 0.0153 | 0.0182 | 0.0281 | 0.0393 [ 0.0336 | 0.0270 | 0.0381 | 0.0841 | 0.2109
7.9 0.0001 | 0.0117 | 0.0095 | 0.0087 | 0.0168 | 0.0140 {0.0373 [ 0.0317 | 0.0210 | 0.0275| 0.0489
8.1 0.0001 | 0.0096 | 0.0196 | 0.0076 | 0.0108 [ 0.0227 [ 0.0256 [ 0.0361 | 0.0161 | 0.0226 | 0.0447
8.3 0.0001 | 0.0162 | 0.0084 | 0.0093 | 0.0220 | 0.0135 | 0.0140 | 0.0100 | 0.0143 ( 0.0271| 0.0271
8.5 0.0001 | 0.0105 | 0.0124 | 0.0070 | 0.0062 | 0.0060 | 0.0163 [ 0.0110 | 0.0119 | 0.0174|0.0175
8.7 0.0001 | 0.0059 | 0.0116 | 0.0072 | 0.0092 | 0.0060 | 0.0116 | 0.0145 | 0.0107 [ 0.0182 | 0.0214
8.9 0.0001 | 0.0094 | 0.0072 | 0.0072 | 0.0132 | 0.0138 | 0.0083 | 0.0089 | 0.0111 [ 0.0172| 0.0151
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Appended photos

Front view

Front view
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Front view

Side view
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Connection view (for 10 strings)

TRF No. VDE-AR-N 4105d



INntertek

Total Quality. Assured.
Page 191 of 192 Report no. 220602098GZU-001

Grounded view

Internal view
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Intrnal view (removed PCB board) .

(End of Report)
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