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TEST REPORT
VDE-AR-N 4105:2018-11
Generators connected to the low-voltage distribution network —
Technical requirements for the connection to and parallel operation with
low-voltage distribution networks

Report Reference No............... ... 190325014GZU-001
Date of issue............cocveveeennnn.l 20 Aug 2019
Total number of pages.................... 63 pages
Testing Laboratory .........cccce...... Intertek Testing Services Shenzhen Ltd. Guangzhou Branch
AdAress......ccccovvveveeviiiee e Block E, No.7-2 Guang Dong Software Science Park, Caipin Road,
Guangzhou Science City, GETDD, Guangzhou, China
Testing location/ address.............. Same as above
Jason F
T_estetd by (name.+ u )ﬂ P
signature)......... Technical Team Leader

Approved by (+ signature) ............. Tommy Zhong 7
Technical Manager ?

Applicant’s name ....................... Shenzhen SOFAR SOLAR Co., Ltd.

AdAress......ccoeeeveeeieieiie e, 401, Building 4, AnTongDa Industrial Park, District 68, XingDong
Community, XinAn Street, BaoAn District, Shenzhen, China

Test specification:

Standard ..........cccceeeieeeeeeiie, VDE-AR-N 4105:2018-11
Test procedure..........ccceeeevevenee.. Type approval
Non-standard test N/A

method...............

Test Report Form No.................. VDE-AR-N 4105c

Test Report Form(s) Originator..... Intertek Guangzhou
Master TRF ..., Dated 2019-03

This publication may be reproduced in whole or in part for non-commercial purposes as long as Intertek is acknowledged as copyright
owner and source of the material. Intertek takes no responsibility for and will not assume liability for damages resulting from the
reader's interpretation of the reproduced material due to its placement and context.

Test item description ................. Solar Grid-tied Inverter

Trade Mark ......ccccceeevvicivieeneeeninnnns SOFAR SOLAR

Manufacturer........ccccceevvevcvvenennnnn. Same as Applicant

Model/Type reference.................... SOFAR 1100TL, SOFAR 1600TL, SOFAR 2200TL, SOFAR 2700TL
SOFAR 3000TL
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Rating.........ccccoccoun.. SOFAR SOFAR SOFAR SOFAR SOFAR
9 Model
1100TL 1600TL 2200TL 2700TL 3000TL
Input
Max. DC input 450V 500V
Voltage:
Max. input
current: 10A 13A
PV Isc 12A 15A
Output
Nominal AC
output 230Vac
voltage:
Nominal 50Hz
frequency:
AC ou.tput 1000VA 1550VA 2100VA 2600VA 3000VA
power:
Max. AC . 4.5A 7.0A 9.5A 11.5A 13.0A
output current:
Power factor: 0.8 Leading to 0.8 Lagging
Ingress
protection: IP65
Protection Class |
Class:
Operation
Ambient -25°C to +60°C
Temp
Software
Version V1.00
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Summary of testing:

Tests performed (name of test and test clause):

VDE4105 Test Description
PAV, E monitoring (feed-in
55.2 S
limitation)
Behaviour of the power
5.7 generation system at the
network
5792 Steady-state voltage
U stability/reactive power supply
574922 Implementation of network

security management

Active power adjustment at

5.74.2.3 over-frequency and under-
frequency
6.3 Integrated NS protection
6.4 Interface switch
6.5.2 Protective functions
6.5.3 Islanding detection
8.3 Connection conditions and
' synchronization
834 Connection of power generation

units with inverters

Remark:

For all clauses, the model SOFAR 3000TL is type
tested.

Testing location:

Intertek Testing Services Shenzhen Ltd. Guangzhou
Branch

Block E, No.7-2 Guang Dong Software Science
Park, Caipin Road, Guangzhou Science City,
GETDD, Guangzhou, China

TRF No. VDE-AR-N 4105c




intertek

Total Quality, Assuned.

Page 4 of 63 Report no. 190325014GZU-001

Copy of marking plate

S ¢ FAIR SolarGrid-tied Inverter

S0l_AaF=

Model No: SCFAR 3000TL
Vmax DCInputVoltage _____ ____ 500V
DC InputVoltage Range _____ ___ 100500V
uppDIGImguiaent 13A
Isimax)DCCuent 15A
Dewel Sl Wellees 280
NEAlAS BUEULENTEt 13A
Memine] Grie Frequensy  __ _ __ _ _ S0B0HE
Nominal Cutput Power J00NVA
PowerFactor ________i(adjustable+/-0.9)
Ingress Protection IPG5

Made in China

Manufacturer: Shenzhen SOFAR SOLAR Co.,Ltd.
Address 401, Building 4, AnTongDa Industrial Park,
District B8, XingDong Community, XinAn Street,

BaoAn District, Shenzhen, China

SAA1B18G4

WDED126-1-1,VDE-AR-N4105, GOE,

ENSD438, C10M11 AS4TYV RD1BSS UTE C15-¥12-1

(A CEAD. A AL

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.

Label is attached on the side surface of enclosure and visible after installation.

3. Other labels are identical to above, except the model name and ratings

TRF No. VDE-AR-N 4105c
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Test item particulars ...
Temperature range .......cccocceveeeveeneeneesnseesiessenneenneens. =25°C 10 +60°C
AC Overvoltage category.........cccceevsvsvevrevescsieneees. LJOVC 1 [JOVC I XOVCIII [JOVC IV
DC Overvoltage category............cccceevevrsvevevneeeeeeeen. LJOVC T XJOVC I [JOVC I [JOVCIV
IP protection Class ........cccccceveveviieesiieesceesiieessieeesieeneees. [P 65
Possible test case verdicts:
- test case does not apply to the test object................. : N/A (Not applicable)
- test object does meet the requirement..............cc..e... . P (Pass)
- test object does not meet the requirement................. . F (Fail)
B IL=E5] €1 o PR :
Date of receipt of test item .........ccecvviviiiieee : 25 Mar 2019
Date (s) of performance of testS........cccocvvvvvrieiiiecienn : 03 Jun 2019 — 12 Aug 2019

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 4105c
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General product information:

The unit is a single-phase hybrid inverter, it can convert the high PV and DC voltage to Grid voltage
and feed into Grid network, also charging battery from Grid .

The input and output are protected by varistors to Earth. The unit is providing EMC filtering at the PV
input and output toward mains. The unit does provide basic insulation from input to output . The
output is switched off redundantly by the high-power switching bridge and two relays. this assures
that the opening of the output circuit will also operate in case of a single error.

The internal control is redundant built. It consists of microcontroller master DSP and slave DSP
The master DSP control the relays by switching signals; measures the PV voltage, PV current, bus
voltage, grid voltage and frequency, AC current with injected DC and the array insulation resistance
to ground. In addition, it tests the current sensors and the RCMU circuit before each other start up
The slave DSP is measured the grid voltage, AC current, frequency and residual current, also can
switch off relays independently, and communicate with master DSP each other

The unit provides two relays in series in all output conductors. When single fault applied to one
relay, alarm an error code in display panel, another redundant relay provides basic insulation
maintained between the PV array and the mains. All the relays are tested before each start up.

The topology diagram as following:
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Figure 1 — Block diagram
Model differences:

TRF No. VDE-AR-N 4105c
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The models SOFAR 1100TL, SOFAR 1600TL, SOFAR 2200TL, SOFAR 2700TL and SOFAR 3000TL are
same as in hardware except the components are in the different table. Identical in software the output power
just adjusted by software.
Difference table
SOFAR SOFAR SOFAR SOFAR SOFAR
1100TL 1600TL 2500TL 2700TL 3000TL
Boost inductor 2,6mH 2,6mH 1,9mH 1,9mH 1,9mH
Resistor (RP105, RP108 220ohm / 220o0hm / 200o0hm / 200o0hm / 200ohm /
/RP189,RP109) 10Kohm 10Kohm 7,5Kohm 7,5Kohm 7 ,5Kohm
BUS capacitor (ECP1,
ECP2, ECP3, ECP4) 2 pcs 2 pcs 3 pcs 3 pcs 3 or 4 pcs
Inverter inductor 3,4mH 2,3mH 2,TmH 1,5mH 1,3mH
Resistor (RP118, RP119, 499 Q, 1 KQ, 1 KQ, 2 KQ, 2 KQ,
RC18 /RP120, 200 Q, 200 Q, 330 Q, 100 Q, 100 Q,
RP121,RC22) 200 O 100 O 330 0 100 Q) 100 O
DC switch and Wi-Fi module are optional.

The product was tested on:
The Software version: V1.00

The Hardware version: V1.00

Factory information:
Dongguan SOFAR SOLAR Co., Ltd

1F-6F, Building E, No.1 JinQi Road, Bihu Industrial Park, Wulian Village, Fenggang Town, Dongguan
City

TRF No. VDE-AR-N 4105c
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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

5.1 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 4105c
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VDE-AR-N 4105:2018-11

Clause |[Requirement - Test Result - Remark Verdict

5.3 Permissible voltage change Shall consider in final PGS N/A

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.

5.4 Network interactions N/A

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.

55 Connection criteria

55.1 General Shall be considered full feed-in
or excess feed-in that in
accordance with VDE-AR-N
4100 in the power system,
where also considered whether
valid of PAV, E monitoring

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

TRF No. VDE-AR-N 4105c
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VDE-AR-N 4105:2018-11

Clause |[Requirement - Test Result - Remark Verdict

55.2 PAv, E monitoring (feed-in limitation) The function of PAV, E P

PAV, E monitoring allows a connection power Pav, g | Monitoring is verified with the
deviating from the installed power to be agreed with | 2Ctive power limit curve

the

network operator and to be set.
The feed-in limit described in this sub-clause shall be |(S€€ appended table)
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.

5.5.3 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 SAamax < 600 VA
per network user installation..

5.6 Three-phase inverter systems Single-phase unit N/A

For three-phase power generation systems feeding
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.

TRF No. VDE-AR-N 4105c
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VDE-AR-N 4105:2018-11

Clause

Requirement - Test

Result - Remark Verdict

5.7

Behaviour of the power generation system at the network

5.7.1

General (See appended table)

For frequencies between 47,5 Hz and 51,5 Hz,
automatic disconnection from the network due to a
frequency deviation is not permitted. The actual
operating principle and the associated exceptions are
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.

5.7.2

Steady-state voltage stability/reactive power supply

TRF No. VDE-AR-N 4105c
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VDE-AR-N 4105:2018-11

Clause |[Requirement - Test Result - Remark Verdict

5.7.2.1 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 a) 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 11l
(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..

5.7.2.2 |Reactive power supply at ¥ Semax P

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 The unit is <4.6KVA that P

At the generator terminals, each power generation according to figure 2
unit to be connected shall meet the requirements

according to Figure 2 and Figure 3.

TRF No. VDE-AR-N 4105c
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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 > 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 > SEmax > 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 4105c




intertek

Total Quality, Assuned.

Page 14 of 63 Report no. 190325014GZU-001

VDE-AR-N 4105:2018-11

Clause |[Requirement - Test Result - Remark Verdict

5.7.24 |Methods for reactive power supply Method b and c are used for P
] reactive power supply
The reactive power supply for steady-state voltage PGU Sema 4.6 KVA

stability shall not impair the dynamic network stability. characteristic curve provided

The reactive power to be provided by the power by the network operator within
generation system is limited to the range given in cosg= 0.95 under-excited to
Figure 5 or Figure 6, respectively. 0.95 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(U) 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 |PGU Semax =4.6 kVA N/A
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) =)
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 4105c
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Clause |[Requirement - Test Result - Remark Verdict

Re: c) 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.

5725 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 N/A
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.

TRF No. VDE-AR-N 4105c
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Clause |[Requirement - Test Result - Remark Verdict
5.7.3 Dynamic network stability N/A
5.7.3.1 General N/A
5.7.3.2 Dynamic network stability for type 1 units N/A

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).

5.7.3.3 Dynamic network stability for type 2 units and N/A
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 N/A
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 < N/A
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 N/A
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 1200 ms upon a voltage drop below 0,8 Un or
a voltage rise above 1,15 Un.

Behaviour after the end of a fault N/A

If, after the end of a fault, the network voltage
resumes a value within the voltage band from —15 %
Unto +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.

574 Active power output
5.7.41 |General _ 3 _ The active power can be
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 %
PAamax © 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 N/A
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. e.
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).

The power generation system or storage unit shall be P
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.

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

o . . communication interface
If not specified otherwise by legislation, the

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
remotecontrolled 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 PAamax. 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 + | set 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”).

TRF No. VDE-AR-N 4105c



intertek

Total Quality, Assuned.

Page 22 of 63 Report no. 190325014GZU-001

VDE-AR-N 4105:2018-11

Clause |[Requirement - Test Result - Remark Verdict

At frequencies below 49,8 Hz, all power generation (See appended table) p
units shall increase the instantaneous generated
active power Pmom with a gradient of 40 % PEmax per
Hertz (s = 5 %) to its technically possible maximum
value. For storage units, a gradient of 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 PEmaxand A
P 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 P
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.

5.7.4.4 |Voltage-dependent active power reduction N/A
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.

5.7.5 Short-circuit contribution P
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 kA 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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6 Construction of the power generation system/network and system protection (NS P
protection)

6.1 General requirements P

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 point

2 SAamax , the following conditions apply to the NS
protection:

6.2 Central NS protection Integrated NS protection N/A

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.

6.3 Integrated NS protection P

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).

6.4 Interface switch The PSU include integrated P
interface switch and is type
tested in the report
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6.4.1 General Integrated interface switch has P

For the connection of the power generation system to | P€€n type tested in

the network operator’s low-voltage network or to the compliance with DIN EN
remaining customer installation, an interface switch 62109

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 Z SAmax>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 daily;

c) 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.

TRF No. VDE-AR-N 4105c



intertek

Total Quality, Assuned.

Page 28 of 63

Report no. 190325014GZU-001

VDE-AR-N 4105:2018-11

Clause

Requirement - Test

Result - Remark

Verdict

6.4.2

Central interface switch

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.

N/A

6.4.3

Integrated interface switch

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.

Both the relays have
mechanical contacts rated
250V 16A, with the separation
of the contacts of > 1.5 mm
each.

The switches are located both
line and neutral poles.

The rating of the interface
switch as below

1, Hongfa HF161F-W

2, Panasonic,ALFG2P

Interface switch’s time delay is
10 ms max.

6.5

Protective devices and protection settings

6.5.1

General

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.
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6.5.2 Protective functions (See appended table) P

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 (See appended table) P

6.6 Further requirements for power generation systems |Shall be considered in PGS N/A

7 Metering for billing purposes N/A

8 Operation of the system P

8.1 General P

8.2 Special aspects of the management of the network N/A
operator’s network

8.3 Connection conditions and synchronisation

8.3.1 General (See appended table)

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 % Unto 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.

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 |The Kimax is 0.06 P

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 N/A
generation systems and storage units each with PAmax = 135 kW

9 Verification of electrical properties P
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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.1l 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
ES5 I‘est report “Network interactions” for power generation units with an input current > 75 N/A
E.6 Certificate of the network and system protection P
E.7 Requirements for the test report for the NS protection P
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

55.2 Table: PAv, E monitoring (feed-in limitation) P

Pmcm ”’A\:" E A

1,670

1,087 e

1,000 S —— —

I\

Before load drop

Ouput power in the network connection 1766.27TW

After load drop

Power in 3s 1787.78W Powerin10s 1780.11W

Time to exceed the ative power curve (ms) 173.2

Supplementary information:

The CT is used for test together as following:

Manufacturer: BEIJING STM MEASUREMENT & CONTROL TECHNOLOGY CO., LTD
Type: HY33C1
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3500.00
3000.00
2500.00
2000.00

Z 1500.00
1000.00

500.00
0.00

-500.00

4]

an

o -

Power Signal = Limit

T1 -0.1054 s
T2 0.0613 s
AT 01732 s

Disconnect time for exceeding

2s/div

Zoom? © 156.25 k

e

Rms(C1) 233.866 ¥
Min(C2) -12.7 A

Maxgmi 320 ¥

50ms/ div

BBy A

G2y 13.3

Max((G2 [
5.87140 A

Mingmi 375 ¥
Rms(G2
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5.7 Table: Behaviour of the power generation system at the network P
Frequency range Operating period
475 Hzto 49,0 Hz = 30 min
49 0Hz to 51,0 Hz unlimited
51,0Hzto 51,5 Hz = 30 min

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.

3500.00 50.50
3000.00  HEMRIRRRAA 50.00
2500.00 49,50
2000.00 49.00
N
1500.00 4850 =
1000.00 48.00
500.00 47.50
0.00 47.00
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time[s]
Power Frequency
3500.00 52.10

300000 (NIRRT 51.80

2500.00 51.50
S - -

Hz]

1500.00 50.90
1000.00 50.60
500.00 50.30
0.00 50.00
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Timel[s]
Power Frequency

Supplementary information:
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5.7.2.3 | P/Q diagram P
OfSEmax
A O/ Semax
A
+ 40,312 fezzm========1 +0,438
( h
PlSemax = N
-1 -of95 i N e j1 oo o1
’ 1 -0,436
[] Minimum requirement [] Minimum requirement
Strict observation not required Strict observation not required
Free working range Free working range
Model: SOFAR 3000TL
LIMITE
Eéfpno[?ft] PIW] Qlvar] Coso S(St?psc(ﬁ nt | ACOS® s(gt[;)/(?irr]lt AQ[/‘;Emax AQ[%)]
0 139.77 98.20 0.8168 - -- -- 3.2733 10%
10 294.81 98.94 0.9480 -- -- -- 3.2980 10%
20 603.97 204.16 0.9471 0.95 -0.0029 197.21 0.2317 +4%
30 912.86 307.18 0.9478 0.95 -0.0022 295.82 0.3787 +4%
40 1220.76 382.98 0.9541 0.95 0.0041 394.42 -0.3813 +4%
50 1525.38 518.55 0.9468 0.95 -0.0032 493.03 0.8507 +4%
60 1830.73 607.71 0.9491 0.95 -0.0009 591.63 0.5360 +4%
70 2133.08 694.70 0.9508 0.95 0.0008 690.24 0.1487 +4%
80 2435.08 781.73 0.9521 0.95 0.0021 788.84 -0.2370 +4%
90 2735.41 868.24 0.9531 0.95 0.0031 887.45 -0.6403 +4%
100 2949.35 930.31 0.9537 0.95 0.0037 986.05 -1.8580 +4%
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Cos LIMITE
;/a I;-’pncE‘i’ft] P[W] Q[Var] Cosop pSo?rt;: ACOS@ S%E)’;gt AQ[/(;)I]Emax AQIEH]
0 139.27 70.35 0.8925 - -- -- 2.3450 10%
10 293.54 -89.72 0.9563 - -- -- -2.9907 10%
20 602.62 -199.22 0.9495 0.95 -0.0005 -197.21 -0.0670 4%
30 910.84 -302.85 0.9505 0.95 0.0005 -295.82 -0.2343 +4%
40 1218.37 -377.72 0.9551 0.95 0.0051 -394.42 0.5567 +4%
50 1523.30 -486.04 0.9527 0.95 0.0027 -493.03 0.2330 +4%
60 1828.37 -594.72 0.9509 0.95 0.0009 -591.63 -0.1030 +4%
70 2131.13 -702.04 0.9498 0.95 -0.0002 -690.24 -0.3933 +4%
80 2432.57 -809.34 0.9489 0.95 -0.0011 -788.84 -0.6833 +4%
90 2732.84 -916.90 0.9481 0.95 -0.0019 -887.45 -0.9817 +4%
100 2900.99 -977.96 0.9476 0.95 -0.0024 -986.05 -0.0670 4%
120.00%
100.00%
80.00%
=
£ 60.00%
<
40.00%
20.00%
0.00%
-40.00% -30.00% -20.00% -10.00% 0.00% 10.00% 20.00% 30.00% 40.00%
Q/ Sgrmax %]
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5.7.2.3 Table: Displacement factor/active power characteristic curve cos ¢ p
(P)
cos g, cose ,
0,95 S R R 0,9 e e S T e
3 ¥
¢ 5
5 3
o
1 4 : » : 0,5 } Il »
8 2 s ll PlPemax E W PIPemex
¢ 5
[} iel
B 5
= 0,9 --—=
0,95
Model: SOFAR 3000TL
LIMITE
P/Pn[%] 0 Cos@
setpoint P[W] P/Pn [%] Q[Var] Coso Set-point A Coso ACos®
20 597.74 19.92 74.03 0.9924 1.00 -0.0076 +0.01
30 903.37 30.11 99.88 0.9939 1.00 -0.0061 +0.01
40 1208.30 40.28 104.57 0.9963 1.00 -0.0037 +0.01
50 1511.95 50.40 106.54 0.9975 1.00 -0.0025 +0.01
60 1813.78 60.46 -209.40 0.9932 0.99 0.0032 +0.01
70 2113.16 70.44 -392.25 0.9832 0.98 0.0032 +0.01
80 2410.98 80.37 -580.10 0.9723 0.97 0.0023 +0.01
90 2708.42 90.28 -780.64 0.9609 0.96 0.0009 +0.01
100 2920.76 97.36 -931.98 0.9527 0.95 0.0027 +0.01
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1.02
1.01
1.00
0.99
0.98
o 097
2 096
© 095
0.94
0.93
0.92
0.91
0.90
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00%100.00%
P/PEmax
COS(D ......... UD_“m ......... Low_“m
Setting time:
3000.0000 1.0000
2500.0000 0.9920
2000.0000 0.9840
— =
= 1500.0000 ™ 09760 ©
— 2
95
1000.0000 - 09680
500.0000 _/—\.__t__‘___\- 0.9600

0.0000 0.9520
23 4 15 w7y I8 19 3 31 32 33 34 35 3 37 3B I/ 40

Time[s]

Power ——PF
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5.7.2.4 Table: Displacement factor cos ¢ P
Model: SOFAR 3000TL
LIMITE
P/Pn[%] COS(p Q[Var] AQ/Pemax
setpoint PIW] Qlvar] Cose Set-point Acose setpoint (%] AQ[%)]
50% 1521.45 518.24 0.9466 0.95 -0.0034 493.03 0.8403 +4%
50% 1521.90 457.06 0.9577 0.96 -0.0023 437.50 0.6520 +4%
50% 1522.23 386.26 0.9693 0.97 -0.0007 375.94 0.3440 +4%
50% 1522.47 296.50 0.9816 0.98 0.0016 304.59 -0.2697 +4%
50% 1522.67 107.24 0.9975 0.99 0.0075 213.74 -3.5500 +4%
50% 1526.78 104.79 0.9977 1.00 -0.0023 0.00 3.4930 +4%
50% 1525.56 -249.94 0.9868 0.99 -0.0032 -213.74 -1.2067 +4%
50% 1525.97 -250.99 0.9867 0.98 0.0067 -304.59 1.7867 +4%
50% 1525.38 -350.60 0.9744 0.97 0.0044 -375.94 0.8447 +4%
50% 1524.70 -435.77 0.9615 0.96 0.0015 -437.50 0.0577 +4%
50% 1524.28 -487.10 0.9525 0.95 0.0025 -493.03 0.1977 +4%
AQ/PEma| LIMITE
P/Pn[%] Coso Q[Vvar]
setpoint P[W] QlVar] Coso Set-point Acos@® setpoint [02] AQI[%]
100% 2912.32 | 1026.11 0.9431 0.95 -0.0069 936.75 2.9787 4%
100% 2944.59 928.96 0.9537 0.96 -0.0063 840.00 2.9653 +4%
100% 2975.85 817.35 0.9643 0.97 -0.0057 729.31 2.9347 +4%
100% 3006.80 683.78 0.9751 0.98 -0.0049 596.99 2.8930 +4%
100% 3012.13 506.01 0.9862 0.99 -0.0038 423.20 2.7603 +4%
100% 3039.01 115.99 0.9993 1.00 -0.0007 0.00 3.8663 +4%
100% 2992.97 -363.21 0.9927 0.99 0.0027 -423.20 1.9997 +4%
100% 2991.55 -539.30 0.9841 0.98 0.0041 -596.99 1.9230 +4%
100% 2989.22 -679.46 0.9751 0.97 0.0051 -729.31 1.6617 +4%
100% 2960.23 -792.53 0.9660 0.96 0.0060 -840.00 1.5823 +4%
100% 2929.99 -890.63 0.9568 0.95 0.0068 -936.75 1.5373 +4%
40.00%
30.00%
20.00%
= 10.00%
£ 0.00%
~ -10.00%
-20.00%
-30.00%
-40.00%
0% 20% A40% 60% 80% 100% 120%
P/SEma[u]
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57.4 Table: Active power output P
sting | 1 [Uoc= | 360 Vdc[Uac=Un | 230vac |Pema (KW) 3.0
1 min mean value P/Pn Pmeasured (%) APmeasured (%) Limit
Psetpoint (%) [%]
100% 101.43 1.43 +5%
90% 91.74 1.74 +5%
80% 81.78 1.78 +5%
70% 71.73 1.73 +5%
60% 61.29 1.29 +5%
50% 51.19 1.19 +5%
40% 40.85 0.85 +5%
30% 30.77 0.77 +5%
20% 20.49 0.49 +5%
10% 10.38 0.38 +5%
0% 1.75 1.75 +5%
The power gradient for increasing and reducing (Pemax/s) 0.556%
Supplementary information:
110.00%
100.00%
90.00%
80.00%
= 70.00%
5 60.00%
& 50.00%
= 40.00%
30.00%
20.00%
10.00%
0.00%
0 200 400 600 800 1000 1200
Time[s]
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1 min mean value P/Pn Pmeasured (%) APmeasured (%) Limit
[%]

100% 101.08 1.08 +5%

60% 60.71 0.71 +5%

30% 30.53 0.53 +5%

0% 1.76 1.76 +5%

The power gradient for increasing and reducing (Pemax/s) 0.513%

Time for Logic interface (at input port) activated 4.0s
120.00%
100.00%
80.00%

=
g 60.00%
N
40.00%
20.00%
0.00%
0 100 200 _ 300 400 500
Timel[s]

CH3 : 100,00v/div Gl Acqlode = Nornal

Position = -3.37 div ! ! L Hain:2 O 200kS/s  1s/div

CH1 512.0¢

-1488.0¥

=10000,000ns . 000075
1 512.0 : <Zoon1> w20ms/div

-6.113108s b 3028y
-2.409998s i 8 13.784
4.003110s : 102.5¥
I 5224
245.482Y
11.2995A 6280, 00515

CH2: Current of EUT, CHL1: Voltage of EUT

-1468.0¢

6480.0051s .
Noted: CH3 represents signal for activating logic interface,
Logic interface will be specified in the manual
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5.7.4.2.3 | Table: Requirement for the output power of the power generation units in p
the dynamic short-time range
A MNetwork frequency [Hz]

00— ————— -

49,9 —

49,8 — Above the curve, reduction of the feed-in

49,7 — active power is permissible in reaction

49,6 — to a frequency drop

49,5 -

49,4 —

49,3 —

49,2 —

49,1 —

49,0 — | = —

48.9 — l by 10 % Pgmax/Hz may be permissible

, | (based on 49,5 Hz)
I
l l l l | l l l l | | |
N I R R R B . R R R R R
20 30 40 50 60 70
Time [s]
DC input: AC output: Rated Output Power
360Vvdc 230Vac, 50Hz 3kwW
Power Adjustable
Xadjustable [ Iconditionally adjustable PGU [llinear generators with SEmax < 30kVA
f (Hz) Power (W)

50.00 £ 0.01Hz 50.00 3037.16
47.50 ~ 47.60Hz 47.55 3035.26
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5.74.23 Table: Active poewr output feed-in at overfrequency P

AP £ Active power change in the
Permax ‘ Prgs  generator meter arrow system

AP _ 20 (49,8 HZ = flyer)
e 50 Hz

f=5802Hz
Critical network situation
Excess generation
Insufficient consumption

- - - - -
475 478 a8 8 4335 1 e 51,0 515 52,0 52,5 Network
frequency,
f=498Hz Disconnaction in Hertz

of power generation

Critical network situation )
wnit fram network

Insufficient genaration
Excess consumption

AP_ (50,2 HZ — fiyets)
49.8 Hz </< 502 Hz Pt 50Hz
Normal network operation
> 80% Pemax
40%Pref(W) | 1200 | 10%Pemax(W) | 300
f (Hz) Measured Calculated
output from Tolerance between Tolerance
Power standard measured P and Limit
(W) characteristic calculated P (W) (W)
curve P (W)
50Hz + 0.01Hz 50.00 3017.85 - -- -
50.25Hz + 0.01Hz 50.25 2945.42 2940 5.42 4300
50.70Hz + 0.01Hz 50.70 2416.36 2400 16.36 +300
51.15Hz + 0.01Hz 51.15 1886.02 1860 26.02 4300
50.70Hz + 0.01Hz 50.70 2415.44 2400 15.44 +300
50.25Hz + 0.01Hz 50.25 2950.85 2940 10.85 4300
50Hz + 0.01Hz 50.00 3018.76 - -- --
40% ~ 60% of PEmax
40%Pre(W) | 600 | 10%Pemax(W) | 300
f (Hz) Measured Calculated
output from Tolerance between Tolerance
Power standard measured P and Limit
(W) characteristic calculated P (W) (W)
curve P (W)
50Hz + 0.01Hz 50.00 1506.14 - - -
50.25Hz + 0.01Hz 50.25 1415.05 1470 -54.95 4300
50.70Hz + 0.01Hz 50.70 1160.21 1200 -39.79 +300
51.15Hz + 0.01Hz 51.15 905.72 930 -24.28 4300
50.70Hz + 0.01Hz 50.70 1160.32 1200 -39.68 +300
50.25Hz + 0.01Hz 50.25 1415.50 1470 -54.5 4300
50Hz + 0.01Hz 50.00 3025.49 - - -

Supplementary information:
When the frequency is return to 50.0Hz, the waiting time in the status for more than 10 min

The power gradient is 8.11%Pemax/min
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3500.00 51.90
3000.00 51.60
2500.00 51.30
900000 | e T pee, 5100
(]
T
1500.00 |——————p——rperned 5070 —
1000.00 50.40
500.00 50.10
0.00 49.80
0 100 200 300 400 500
Time[s]
Power — «eeeesees Limit_up  seeeeeees Limit_low Frequency
100%
3500.00 51.90
3000.00 51.60
2500.00 N 51.30
2000.00 51.00
[
T
1500.00 5070 —
1000.00 50.40
500.00 50.10
0.00 49.80
120 122 124 126 128 130 132 134 136 138 140
Time[s]
—Power =—=Frequency

The delay time and the settling time (0s)
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3500.00 51.90
3000.00 51.60
2500.00 51.30
2000.00 51.00 _
]
T
1500.00 50.70 —
1000.00 50.40
500.00 50.10
0.00 49.80
0 200 400 ©00 800 1000 1200 1400 1600
Time[s]
Power — seeseess Limit_up  eereeres Limit_low Frequency
50%
3500.00 51.90
3000.00 51.60
2500.00 51.30
2000.00 51.00
]
T
1500.00 50.70 —
1000.00 50.40
500.00 50.10
0.00 49.80
115 117 119 121 123 125 127 129 131 133 135
Timel[s]
——Power ——Frequency
The delay time and the settling time (0s)
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5.7.4.2.3 Table: Active poewr output feed-in at underfrequency P
50% Pemax
40%Pemax(W) | 1200 | 10%Pemax (W) | 300
f (Hz) Measured Calculated Tolerance
output from between Tolerance
Power standar_d ' measured i
(W) characteristic P and (W)
curve P (W) | calculated
P (W)
50Hz + 0.01Hz 50.0 1504.83 - - -
49.75Hz + 0.01Hz 49.75 1542.22 1560 -17.78 +300
48.80Hz + 0.01Hz 48.8 2667.93 2700 -32.07 +300
48.00Hz + 0.01Hz 48.0 3013.38 2940 73.38 +300
47.80Hz + 0.01Hz 47.8 3015.18 3000 15.18 +300
47.60Hz + 0.01Hz 47.6 3015.56 3000 15.56 +300
47.80Hz + 0.01Hz 47.8 3015.55 3000 15.55 +300
48.00Hz + 0.01Hz 48.0 3014.39 2940 74.39 +300
48.80Hz + 0.01Hz 48.8 2668.97 2700 -31.03 +300
49.75Hz + 0.01Hz 49.8 1543.86 1560 -16.14 +300
50Hz + 0.01Hz 50.0 3035.57 -- -- --
0% of PEmax
40%Pemax(W) | 1200 | 10%Pemax (W) | 300
f (Hz) Measured Calculated Tolerance
output from between Tolerance
Power standard measured ot
o Limit
(W) characteristic P and (W)
curve P (W) | calculated
P (W)
50Hz + 0.01Hz 50.0 46.34 - - -
49.75Hz + 0.01Hz 49.75 56.95 60 -3.05 +300
48.80Hz + 0.01Hz 48.8 1193.96 1200 -6.04 +300
48.00Hz + 0.01Hz 48.0 2148.87 2160 -11.13 +300
47.80Hz + 0.01Hz 47.8 2389.02 2400 -10.98 +300
47.60Hz + 0.01Hz 47.6 2686.70 2640 46.70 +300
47.80Hz + 0.01Hz 47.8 2388.41 2400 -11.59 +300
48.00Hz + 0.01Hz 48.0 2150.10 2160 -9.90 +300
48.8Hz + 0.01Hz 48.8 1191.52 1200 -8.48 +300
49.75Hz + 0.01Hz 49.75 56.50 60 -3.50 +300
50Hz + 0.01Hz 50.0 3034.98 - - -
Supplementary information:
The delay time is less than 2s, the settling time is less than 20s
When the frequency is return to 50.0Hz, the waiting time in the status for more than 10 min
The power gradient is 8.11% PEmax/min
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3500.00 50.50
3000.00 p—— 50.00
2500.00 49.50
2000.00 49.00 _
r~
T
1500.00 4850 —
1000.00 48.00
500.00 47.50
0.00 47.00
0 200 400 600 800 1000 1200 1400 1600 1800
Time[s]
Power Limit Frequency
50%
3500.00 50.50
3000.00 50.00
2500.00 49.50
2000.00 49.00 _
]
s
1500.00 48.50
1000.00 48.00
500.00 47.50
0.00 47.00
122 123 124 125 126 127 128 129 130 131 132
Timels]
— Poyer e—Llimit =—— Frequency

The delay time and the settling time (0s)
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3500.00 50.50
3000.00 —L = 50.00
2500.00 H 49.50
2000.00 49.00
™~
=2 2
1500.00 48.50
1000.00 438.00
500.00 47.50
0.00 == 47.00
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Timel[s]
Power Frequency
0%
3500.00 50.50
3000.00 50.00
2500.00 49.50
2000.00 49.00
™~
=2 2
1500.00 48.50
1000.00 438.00
500.00 47.50
0.00 47.00
183 184 185 186 187 188 189 180 191 182 193 194 195
Timel[s]
Power Frequency
The delay time and the settling time (0s)
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6.1

TABLE: General requirements P

Design of functional safety:

The input and output are protected by varistors to Earth. The unit is providing EMC filtering at the PV
input and output toward mains. The unit does provide basic insulation from input to output . The
output is switched off redundantly by the high-power switching bridge and two relays. this assures
that the opening of the output circuit will also operate in case of a single error.

The internal control is redundant built. It consists of microcontroller master DSP and slave DSP

The master DSP control the relays by switching signals; measures the PV voltage, PV current, bus
voltage, grid voltage and frequency, AC current with injected DC and the array insulation resistance to
ground. In addition, it tests the current sensors and the RCMU circuit before each other start up

The slave DSP is measured the grid voltage, AC current , frequency and residual current, also can
switch off relays independently, and communicate with master DSP each other

The unit provides two relays in series in all output conductors. When single fault applied to one relay,
alarm an error code in display panel, another redundant relay provides basic insulation maintained
between the PV array and the mains. All the relays are tested before each start up.

_wa >
] | = |
&/‘I’_ Input Output L
DC-Switch R : 0
optional)! EMI | i | EMI |! !
(opti nJ)l .: : —I e N
D] Filter ._I Fiter | | oo
ke . eI =
o - | L B & 5 e s |
insulation [~ o Ui T @ - Drpnic_ aeaioie e b (e
| \ | =1 | 1Al S i I H
sl i 1 5 2 Ha By 8 11—
gl a2 g & 3 5 = gl ¥ = o 3 Gig =z 2
v ¢ e 1 HEdEsg A
AUX- | ; LB & e
Power | Main-DSP N— h Slave-DSP
RS8252
1 g = - ) ( i} 4 RS-485,Dry-relay,
i LCD Display [ : ARM controller N Wi-Fioptionall
Figure 1 — Block diagram
Supplementary information:
Two series relays would be automatically checked before the inverter starts operation
The functions are also verified in compliance with EN 62109-2
String 1 |Upc=Un 450vdc | Uac =Un 230Vac [P =(W) 3.0K

Component No. Fault Observation

PV voltage detect PV inverter disconnected from grid immediately,

Open
UCIC Pin 9 P error message: ID09. (PV voltage over range)
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PV current detect

PV inverter disconnected from

UC1B Pin 5 Open grid immediately, error message: ID14.
(PV current over range)
GECI detect UC2D P\{ |n_verter f:ilsconnected from
Pin 12-13 Short grid immediately, error message: ID12.
(GFCI fault)
GFCI detect P\{ |n'verter f}llsconnected from
UC2C Pin 10 Short grid immediately, error message:|D52.
(GFCI fault)
PV inverter disconnected from
Grid voltage detect Open grid immediately, error message:ID15. (
UC2A Pin 3 P Grid current or voltage
over range)
PV inverter disconnected from
Grid voltage detect Open grid immediately, error message:
RC17 P ID02, 1D49, ID70.
(Grid current or voltage under range)
Grid voltage detect P\{ m_verter fjlsconnected from
Open grid immediately, error message: |ID55.
RC25
(Relay fault)
DC current detect P\{ |r!verter f}llsconnected from .
RC42 Open grid immediately, error message: ID51.
(DC current fault).
AC current detect P\{ m_verter fjlsconnected from
Open grid immediately, error message:ID15, ID65.
RC61
(AC voltage or current over range).
PV inverter disconnected from
AC current detect L .
Open grid immediately, error message:ID15, 1D65.
RC80
(AC voltage or current over range).
PV inverter disconnected from
GFCI detect RP70 Open grid immediately, error message:ID12.
(GFCI fault).
PV inverter disconnected from
GFCI detect RP80 Open grid immediately, error message:|D12.

(GFCI fault).

Relay detect

Short before start

PV inverter can not start up, error

RYP3 Pin3-4 message: ID55, ID77. (Relay fault).
Relay detect PV inverter can not start up, error
RYP4 Pin3-4 Short before start message: ID55, ID77. (Relay fault).
Relay detect PV inverter can not start up, error
RYP5 Pin3-4 Short before start message: ID55, ID77. (Relay fault).

Grid voltage detect
RP150

Short before start

PV inverter can not start up, error
message: ID55, ID77. (Relay fault).

Grid voltage detect

PV inverter disconnected from

Open grid immediately, error message:ID02.
RP150 -
(Grid voltage under range)
. PV inverter disconnected from
Grid voltage detect L .
Short grid immediately, error message:ID01.
RP135 .
(Grid voltage over range)
Grid voltage detect PV inverter disconnected from
9 Short grid immediately, error message:ID01.

RP135

(Grid voltage over range)
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PV inverter disconnected from
Open grid immediately, error message:ID02.
(Grid voltage under range)

Loss of control
CC100

PV inverter disconnected from
Short grid immediately, error message:
DSP communicate fail

Loss of control
XLC

Communication
microcontroller
defect UC34 Pin
31

PV inverter disconnected from
Open grid immediately, error message:ID 53
(SPI Communication fault)

Communication
microcontroller
defect UC34 Pin
37

PV inverter disconnected from
Open grid immediately, error message:ID 53
(SPI Communication fault)

Communication
microcontroller
defect UC34 Pin
44

PV inverter disconnected from
Open grid immediately, error message:ID 53
(SPI Communication fault)

Communication
microcontroller
defect UC34 Pin
47

PV inverter disconnected from
Open grid immediately, error message:ID 53
(SPI Communication fault)

Supplementary information:
SC: Short-circuited; OC: Open-circuited; O/L: Overloaded.
During the test:

Fire do not propagate beyond the EUT; Equipment do not emit molten metal;
Enclosures do not deform to cause non-compliance with the standard.
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6.5 Protective functions (Results of Voltage monitoring)

Rated Voltage (Un) 230V Rated Frequency 50 Hz

1 2 3
Phase (V) (ms) V) (ms) (V) (ms)
118% Un 264.25 72.2 264.26 83.0 264.27 72.8
77% Un 183.52 75.5 183.54 82.8 183.48 83.0
-i's Agilent Technologies SAT JUN 01 08:24:48 2019

Agilent Technologies THU MAY 30 15:00:04 2019

+> Mode + Source X Y < X QD X2 [Y) X1 %2
Manual 2 Vv -1.86460s -1.78160s

80% Un
CH1 denotes Voltage of output, CH2 denotes current of output, CH3 denotes trip signal.
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6.5 Protective functions
(Results of the Protection of the Increase in Voltage as 10-min moving average)
Output Voltage Switch
V) On/Off state Finally Time until Switch off (s)
100% Un 230.0 Xon [ Off Work normally
112% Un 257.6 [ 1On Xoff 500
100% Un 230.0 >XJOn [ JOff Work normally
108% Un 248.4 Xon [ ]off Work normally
106% Un 243.8 >XJOn [ JOff Work normally
114% Un 262.2 [1On Xoff 282
3400 260
L ®
2900 b11s 1110s 1 255
2400 ] 250
-1 245
1900 = 240
[W] [V]
1400 = 235
900 1 230
4 225
400 1 220
_‘I 00 1 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 21 5
1 151 301 451 601 751 901 1061 1201
Time [s]
— Power [W] —\/oltage [V] |
Un to 1.12Un
3000 2hh
LJ
2500 = 250
1 245
2000
1 240
[W] 1500 [v]
7 235
1000
v £01¢ 7 230
h00 1 22h
0 | | | | | | | | | | | 220
1 101 201 301 401 5H01 601 701 801 901 1001 1101
Time [s]
m— Power  [W] —in1tage [V] ‘

Un to 1.08Un
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23400 265
2300 ® | 260
2400 284s 055
1900 250
[W] [V]
1400 E01s 245
00 240
400 235
—100 | | | | | | | | ——— 230
1 101 201 301 401 501 601 701 501 01
Time [s]
w— Poyer (W] —n]tage [V] ‘

1.06 Un to 1.14Un
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6.5.2 Protective functions (Results of Frequency)
f (Hz) '1I'rip time (ms) f (Hz) 12'rip time (ms) f (Hz) '?’rip time (ms)
g;i?g:ggy 47.50 78.2 47.50 91.2 47.50 96.0
Frequency increase | 51,52 75.8 51.51 87.8 51.52 95.6

Agilent Technologies

SAT JUN 01 08:54:27 2019

Manual

+> Mode + Source
2

X Y

Agilent Technologies

Frequency decrease

SAT JUN 01 09:21:24 2019

AX = §5.60000000ms

1/AX = 10.460Hz

AY(Z) = -6.000A

Frequency increase

CH1 denotes Voltage of output, CH2 denotes current of output, CH3 denotes trip signal.
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6.5.3 Islanding detection P
R iv
PEE"T” Isggt("/f PAC? QAC? Run on
No. 1% of (% of (% of time FEDL | Al VDC Remarks®
of EUT . . . (W) Qf
il QL in |[nominal)| nominal) (ms)
6.1.d)1)
1 100 100 0 0 332 3090 1.000 443 | Test A at BL
2 66 66 0 0 316 1960 1.001 295 | Test B at BL
3 33 33 0 0 290 955 1.000 147 | Test C at BL
4 100 100 -5 -5 248 3090 1.016 443 | Test A at IB
5 100 100 -5 0 220 3090 1.049 443 | Test A at IB
6 100 100 -5 5 305 3090 1.074 443 | Test A at IB
7 100 100 0 -5 245 3090 0.970 443 | Test A at IB
8 100 100 0 5 322 3090 1.020 443 | Test A at IB
9 100 100 5 -5 167 3090 0.920 443 | Test A at IB
10 100 100 5 0 202 3090 0.960 443 | Test A at IB
11 100 100 5 5 282 3090 0.972 443 | Test A at IB
12 66 66 0 -5 165 1960 1.022 295 | Test B at IB
13 66 66 0 -4 191 1960 1.020 295 | Test B at IB
14 66 66 0 -3 169 1960 1.012 295 | Test B at IB
15 66 66 0 -2 184 1960 1.014 295 | Test B at IB
16 66 66 0 -1 184 1960 1.007 295 | Test B at IB
17 66 66 0 1 220 1960 0.993 295 | Test B at IB
18 66 66 0 2 309 1960 0.998 295 | Test B at IB
19 66 66 0 3 171 1960 0.986 295 | Test B at IB
20 66 66 0 4 202 1960 0.982 295 | Test B at IB
21 66 66 0 5 177 1960 0.977 295 | Test B at IB
22 33 33 0 -5 214 955 1.022 147 | Test C at IB
23 33 33 0 -4 249 955 1.015 147 | Test C at IB
24 33 33 0 -3 169 955 1.011 147 | Test C at IB
25 33 33 0 -2 245 955 1.008 147 | Test C at IB
26 33 33 0 -1 209 955 1.004 147 | Test C at IB
27 33 33 0 1 228 955 0.997 147 | Test C at IB
28 33 33 0 2 286 955 0.995 147 | Test C at IB
29 33 33 0 3 281 955 0.993 147 | Test C at IB
30 33 33 0 4 237 955 0.984 147 | Test C at IB
31 33 33 0 5 212 955 0.978 147 | Test C at IB
Remark:

Y PEUT: EUT output power

2 PAC: Real power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0%
test condition value.

3 QAC: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is
the 0% test condition value.

4 BL: Balance condition, IB: Imbalance condition.

8  *Note: test condition A (100%): If any of the recorded run-on times are longer than the one recorded
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for the rated balance condition, i.e. test procedure 6.1 f), then the non-shaded parameter
combinations (no.32~47) also require testing.

‘. Agilent Technologies TUE NOV 06 08:12:40 2018

+> Mode + Source X Y 2 Xl + X2 D X1 %2
Manual 2 v -5.29500s -1.96300s

% Agilent Technologies TUE NOV 06 10:36:05 2018

b

[ R

+> Mode + Source X Y < Xl y X2 D X1 %2
Manual 2 v -3.42100s -3.10500s

Peut 66%, Pac 0%, Qac 0%, = 316.0ms
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4% gilent Technologies TUE NOV 06 13:28:28 2018

AX = 280.00000000ms 1/AX = 3.4483Hz AY(2) = 0.0V
> Mode +> Source X Y < Xl Q) X2 L) X1 %2
Manual 2 Vv -3.23800s -2.94800s

Peut 33%, Pac 0%, Qac -0%, = 290.0ms

Note:

CH3: EUT output current
CH1: EUT output voltage
CH2: Voltage of trip signal
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8.3.1 Connection conditions
DC input: AC output: Rated Output Power
400Vdc 230Vac; 50Hz 3.0kVA
Measure Item Reconnection? Reconnection Time (>60s)
fist = 47,45Hz []Yes X No Cannot reconnection
fist = 47,55Hz X Yes [ ]No 74.0s
fist = 50,1Hz []Yes X No Cannot reconnection
fist < 50,0Hz X Yes [ ]No 73.0s
Uist < 85% Un [ ]Yes X No Cannot reconnection
Uist = 85% Un X Yes [ ]No 74.0s
Uist > 110% Un [ ]Yes X No Cannot reconnection
Uist < 110% Un X Yes [ ] No 74.0s
Graph of the gradual power supply and reconnection: for 47.55Hz
3200 5050
y - 50.00
2600 =
/ / 10075 L 49,50
2400 +— / / - 49.00
2000 +— - 48.60
/ L 48.00
(W] 1600 o 7 / s
1643 - 4ar.
1200 +— // L 47.00
200 // L 46,40
- 46.00
400 L 45.50
239
0 . : . . . . . . . . . . . ; . . —L 4500
1 201 am B01 801 1001 1201 1401 1601
Time [s]
e P O 2T [ 4] | pOWEr [WY] Freguency [Hz]
Graph of the gradual power supply and reconnection: for 50.0Hz
3200 52 .40
2600 == / 52.00
/ / 1004s
2400 — / / 51.50
2000 +— // 51.00
W] 1600 +— 50.50  [Hz]
1659 ///
1200 e // 50.00
&0 49 50
400 49 00
0 . . 3ds . . . . . . . . . —L 4850
1 1071 201 01 4l 501 B0 701 801 901 1001 1101 1201 1301
Tirne [5]
e P OEE [V e I 00 EE W] Frequency [HZ]
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Graph of the gradual power supply and reconnection: for 85%Un
3,200 240
2,800 L e - 230
/ 8965
2,400 220
/ - 210
2,000
7./ - 200
(W] 1.800 1645 (V]
445 / - 190
1,200 A
/ - 180
800 =170
400 L 160
238s
O T T T T T T T T T T T 150
1 101 201 a1 401 501 501 701 801 901 1001 1101
Time [s]
P oyer [VY]  e—imit power [VY]  =—oltage [V]
Graph of the gradual power supply and reconnection: for 110%Un
3,200 280
/ 993s
2,800 - 270
2400 - 260
2,000 4ds 1 | o
164s
[w] 1,600 Y
/ - 240
1,200 /
S— -
800 230
400 - 220
238s
0 T T T T T T T T T T 210
1 101 201 301 4 501 601 701 801 a01 1001
Time [s]
e Power [VWW] e Limit power W] e=—‘oltage [V]
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Appended photos

Front view of the unit

Bottom view of the unit
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Connection interface of the unit

Internal view of the unit
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Internal view of the unit

(End of Report)
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