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Copia da marcacéo placa:
Copy of marking plate:
Fr"’l Guangehou S-anlng Electric Co., Lid. Fr"’. Guangzhou Sanjing Electric Co., Ltd.
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INVERSOR DE EMERGIA SOLAR COMECTAD O A REDE INVERSOR DE ENERGIA SOLAR COMECTADO A REDE
Tipa: R5-13K-T2 Tipo: R5-15K-T2
i = s
EMTRADA (PV) ENTRADA (PY)
Faixa da tonsSo 180 11 Odid Faixa da tansdo 16011 Oida
Faisa fansio MPET 160- S50 Faiza fansio MPPT 18-85 e
Erfrada max corama 2EM250dc Enfrada ma x. comaria 2EN25Md
M. cormma curio drouito ELRET Mo comanie curio drouito A0S Adc
Himaro max. aranjo paaialo N Himara méix. amanjo parlslo 21
salDa (ac) SAIDA (AC)
- Tearsdo nominal AWPE 220 — Tars#a naminal ANPE 220580

Comania nominal AT Coramia nominal FELTA
M émima comama continua i prl Minimma corane cortinua I250M
Frquénda nominal SOE0H Fmquénda nominal SOME0Hx
Poténda nominal 13000W Poténda nominal 15000
Fiaor da potncia 060108 Fatiar da patiincia 051080
Tompara: -20T-607 Tamperatum: 40T <807
Clazza da protegiio i dca: T Classa do profeg o el tica: [
Categoia sobwdansio : I{DC), H{AD) Categoia sobmiansio - I{DC), W{AC)
Classa pmiegSa clima foa: IPG5 Cloassa profecio dimatca: IPES
EM 50438 EN 50549 VDE-ARMNL10S ASMIS 47772 EM 50430 EM 80549 VDE-ARMLI0E ASMIES 4TFT2
CEIO21 NMETRO NOOL2011 INMETROD NO1 72016 CEIQ21 MNMETRO NO042011 INMETRO NO1 72016
BMETRO NE35720 14 BMETROD MNEIST20 14

\, A \,

IACA A @ |ZAANALA@
2

-:‘.1-1 PHMETRO FNMETRA
SIN S/N
PIC PIC
MADE [M CHINA KADE 1M CHIRA
Y A r)
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1 ¥ {
— Guarlgzmu Sarljlriu Electric Co., Ltd. GHBHFMU Sanjing Electric Co., Lid.
A e 8] 20 M
X o 4l v-:-n-nmm - 4 'lh'-—nl-—mhm - il caafunpad 4T e S
IMVERSOR DE EMERGIA SOLAR COMECTADO A REDE INVERSOR DE ENERGIA SOLAR COMECTADO A REDE
Tipo: R5=1TE-T2 Tipo: R5=20K-T2
- . - "
EMTRADA (PY) EMTRADA (FY)
Faixa da torsdo 18111 e Faia da tansso 1801 s
Faima tonsio MPPT 1a-a5id o Faixa fonsio MFFT Ta0y-a50de
Entrada mdx. comania 2825 Adc Erfirada mix comare 226 Ade
Wi cormanma curta decuits I Mo cormia curia druita A
Himaro min. aranjo pamieio PP Humara méx. aranjo pamalalo a2
sAlDA (AC) SAlDA (AC)
= TansSa nominal ANFE Z20%aly = Tersso nominal AWPE Z20080v
Comama nominal 25 A Comama nominal 30N
Ménirna cormania continua I3 AN Mimma cormma comtinua FA LA
Fraquénda nominal SAIHT Fraquénda nominal SOEHz
Potéin da nominal o0 Podéinda nominal HA
Faior da potéincia TERTS Fior da potincia 08 108
Tamperatua: 2070607 Temparatum: 407 <607
Clomaa do profegio s o 1 Classa da protogi o o o [
Caingoria sobetenssa : T{DC), T{AC) Catagoda sobeetansda : T{0C), M{AC)
Clossa protacio dimasoa: IPES Classa protocan dimatca: PG5
EW S04 BN 50549 VDE-ARNLI0S ASHIS 47772 EM 50438 EM 50543 VDE-ARMNL10S ASHIS4TFT2
CEIG21 INMETRO NTOOLAZ0M 1 BMETRO MO1 72016 CEIO21 INMETRD NO042011 INMETRO N1 72016
BHMETRO MISTR0 14 BMETRD ME3ST20 14
, J J
E E srn |' & & @
CE God ©
=
ruen e
SIN S/IN
PIC PIC
MADE IN CHINA MADE [M CHINA
S — /

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group



www.tuv.com

Folha 6 de 83

A_ TUVRheinland®

Relatério n°; 50332538 001

Diagrama de blocos inversor fotovoltaico:

PGU Block Diagram:

DC/DC DC-LINK . Master  Slave
PV1+ DC/AC filter Relay Relay GFCI o
J\I\Aﬂl || ] 4
PV1- ol | J o1/ 12
1+ ] EMI 13
. || L N
PV2+_ _% L T J/_ /_ oE
S I I O e R B
......... RSA485
Master Slave
DSP DSP RS232
Lista de modelos:
PGU Model list:
MODELOS LISTA
MODELS LIST R5-13K-T2 R5-15K-T2 R5-17K-T2 R5-20K-T2
Tensao c.c. Maxima
[Vc.c.] 1100
Vuax PV [Vdc]
Rango de woltaje de CC
[ [Vccel 160-950 180-950
2 DC Voltage Range [Vdc]
zZ
g Corrente c.c. Maxima
S Max. Input Current luax 25/12.5 25/25
g’ [A]
é Méx. Corrente curta DC
= Max. DC Short Current 30/15 30/30
pa
w [A]
Numero de MPPT 5
Number of MPPT
cadena por MPPT
string per MPPT 2/1 212

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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Tensao c.a. Nominal
[Vc.a]

Rated Output Voltage Ur
[Vac]

Frequéncia Nominal
Rated Output Frequency 50/60
Fnerz [HZ]

Poténcia c.a. Nominal
Rated Output Power Pe 13000 15000 17000 20000
[W]

Poténcia c.a. maxima
Max Output Power Pe 14300 16500 18700 22000
[VA]

Corrente nominal CA
Rated AC Current [A]

220/380

19.7 22.7 25.8 30.3

Corrente c.c. Maxima
Max. Output Current Imax 21.7 25.0 28.4 334
(Al

Fator de poténcia cos ¢ 0.8 cap-0.8 ind
Power Factor cos [A] ' '

Eficiéncia max.
Efficiency max. Nmax

SAIDA (CA) AC OUTPUT

98.7% 98.8%

Grau de Protecao

Enclosure Protection (IP) Pes

Faixa de temperatura
operacional Ambient
Operating Temperature
Range [°C]

Pollution degree (PD) PD 3

-40~60[45°C to 60°C with derating]

Dimensodes
Size (W/D/H) [mm]

Peso
Weight [kq]

Firmware Hardware version: V1.002; Firmware version: V3.017

480 x 440 x 200 530 x 490 x 210

26 29

Note:

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group
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Possiweis veredictos do caso de teste:
Possible test case verdicts:

- caso de teste ndo se aplica ao objeto de teste.... N/A
- test case does not apply to the test object:

- teste objeto faz cumprir a exigéncia................... Pass (P)
- test object does meet the requirement:

- teste objeto ndo cumprir a exigéncia.................. Fail (F)
- test object does not meet the requirement:

Teste:
Testing:

Data de recepcéo de itens de teste..................... Ver pagina de rosto

Date of receipt of test items: See cower page

Data (s) de realizacdo de testes ............c.ceevvneeen. Ver pagina de rosto

Date(s) of performance of tests: See cover page

Resumo do teste
Summary test

Diagrama de conexdes dos instrumentos de medicéo e aparelhos e componentes:
Wiring diagram of measuring instruments and devices and components:

OACOSOOMG
=E
Ly
ol
* - -
- — —
i
GERADOR FV [CHAVE 1 ESE ICHAVE 2 REDE ELETRICA
ANALISADOR DE ENERGLA

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

4

Compatibilidade com a rede
Network compatibility

P

4.1

Tensao, poténcia e frequéncia
Voltage, power and frequency

4.2

Faixa operacional normal de tenséo

O sistemas fotowltaicos normalmente ndo
regular a tenséo, mas apenas a corrente
injetada no grid. Portanto, o intervalo normal de
tensdo é seleccionada como uma fungéo de
protecc¢ao, de responder a condi¢bes anormais
de grade. O sistema PV deve operar dentro dos
limites de variacao de tenséo definidos em
5.2.1

Normal operating wltage range

The PV systems typically do not regulate the
wltage, but only the current injected into the
grid. Therefore, the normal woltage range is
selected as a protection function of responding
to abnormal conditions of the grid. The PV
system must operate within the wltage
variation limits defined in 5.2.1

Atendeu aos parametros da
Norma

Complied

4.3

Cintilagao

A Operacdo do sistema de PV ndo pode
causar cintilagdo acima dos limites
mencionados nas sec¢des pertinentes das IEC
61000-3-3 (para sistemas com corrente inferior
a 16A), IEC 61000-3-11 (para sistemas com
corrente superior a 16A e inferior a 75A) e IEC /
TS 61000-3-5 (para sistemas com corrente
superior a 75A).

Flicker

Operation of the PV system can not cause
flickering abowve the limits specified in the
relevant sections of IEC 61000-3-3 (for systems
with current less than 16A), IEC 61000-3-11 (for
systems with higher current to 16A and lower
75A) and IEC / TS 61000-3-5 (for systems with
higher current to 75A).

Atendeu aos parametros da
Norma

Complied

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

4.4

Protecdo de injecdo de componente c.c. na
rede elétrica

O sistema fotowoltaico dewve parar de fornecer
energia a rede em 1 s se a injecdo de
componente c.c. na rede elétrica for superior a
0.5% da corrente nominal do inversor. O
sistema fotowoltaico com transformador com
separacao galvanica em 60Hz nédo precisa ter
protec8es adicionais para atender a este
requisito.

d.c. component injection Protection the power
grid

The PV system should stop supplying power to
network 1 s if the injection d.c. component the
power grid is more than 0.5% of the nominal
drive current. The photowltaic system with
transformer with galvanic separation at 60Hz
not need additional protections to meet this
requirement.

Atendeu aos parametros da
Norma

Complied

P

4.5

Faixa Operacional nomal de frequéncia

Osistema fotowoltaico deve operar em
sincronismo com a rede elétrica e dentro dos
limites de variation de frequencia definidos em
5.2.2

nomal Operating frequency range

Thesystem photowltaic must operate in
synchronization with the power grid and within
the variation limits defined frequency in 5.2.2

Atendeu aos parametros da
Norma

Complied

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

4.6

Harmaonicos e distor¢do de formas de onda

A distorcao harménica total de corrente deve
ser inferior a 5% em relacao a corrente
fundamental na poténcia nominal do inversor.
Cada harmonica individual deve estar limitada
aos valores apresentados na Tabela 1.

Harmonics and distortion of waveforms

The total harmonic distortion of current must be
less than 5% in relation to fundamental current
in the inverter rating. Each individual harmonic

shall be limited to the values shown in Table 1.

Tabela 1 - Limite de distorgao harmonica de corrente
Limite de distorgao
<4,0%

<2,0%

Harménicas impares
3°ag
11" a 15
17" a 21

i

|

|

|

| <1,5%
23° 3 33 |

-

|

|

|

<0,6%
Limite de distorcao
<1,0%

Harmonicas pares
2°aBg”

10" a 32 =0,5%

Atendeu aos parametros da
Norma

Complied

P

4.7

Fator de poténcia e injecdo/demanda de
poténcia reativa

Inversor deve ser capaz de operar no seguinte
intenvalo de fator de poténcia quando a

alimentacao de energia ativa em em rede é de
20% superior da poténcia nominal do gerador

power factor and injection / reactive power
demand

Inverter must be able to operate on the following
power factor range when the power active
energy network is 20% higher than the rated
power of the generator

Atendeu aos parametros da
Norma

Complied

4.7.1

Sistemas fotowoltaicos com poténcia hominal
menor ou igual a 3kW

PFigual a 1 ajustado em fabrica, comtolerancia de
trabalho na faixa de 0,98 indutivo ate 0,98 capacitivo.

PV systems with low er rated pow er than or equal to
3kw

PF =1 set in manufactures with w ork tolerance in 0.98
inductive range up to 0.98 capacitive.

Atendeu aos parametros da
Norma

Complied

A capacidade maxima do
sistema fotowoltaico é
superior a 6 kKW.

The maximum capacity of
the PV system is more than
6 KW.

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
4.7.2 Sistemas fotowltaicos com poténcia nominal | Atendeu aos parametros da P

maior que 3kW e menos ou igual a 6 kW:

FPigual a 1 ajustado emfabrica, com toleréancia de
trabalhar na faixa de 0.98 indutivo até 0.98 capacitivo. O
inversor deve apresentar,como opcional, a possibilidade
de operar de acordo com a curva da Figura 1 e com FP
ajustavel de 0.95 indutivo até 0.95 capacitivo.

PV systems with rated pow er to 3kW and less than or
equal to 6 KW:

FP equal to 1 set to manufactures with tolerance to
w ork in inductive range 0.98 to 0.98 capacitive. The
inverter shall, as an option, the possibility to operate in
accordance w ith the curve of Figure 1 and FP adjustable
inductive 0.95 to 0.95 capacitive.

>t
FF

Figura 1 — Curva do FP em fung¢do da poténcia ativa de saida do inversor

Norma
Complied

A capacidade maxima do
sistema fotowoltaico é
superior a 6 kW.

The maximum capacity of
the PV system is more than
6 kW.

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

4.7.3

Sistemas fotowltaicos com poténcia nominal
maior que 6kW

O sistema fotowoltaico pode operar com em
dois modos:

PF igual a 1 ajustado em fabrica, com
tolerancia a trabalhar a partir de 0,98 indutivo a
0,98 capacitivo. O inversor deve apresentar,
como opcional, a possibilidade de operar de
acordo com a curva da Figura 1 e com FP
ajustavel de 0,90 indutivo a 0,90 capacitivo;
ou(ii) controle da poténcia reativa (Var),
conforme Figura 2.

Photowoltaic systems with higher rated power
than 6kwW

The photowoltaic system can operate in two
modes:

PF = 1 set in the factory with tolerance to work
from 0.98 to 0.98 Capacitive Inductive. The
inverter shall, as an option, the possibility to
operate in accordance with the curve of Figure 1
and adjustable from 0.90 inductive to 0.90
capacitive FP; or (ii) control of reactive power
(Var), as shown in Figure 2.

anr, e O R am

Figura 2 - Limites operacionais de inje¢do/demanda de poténcia reativa para sistemas
com poténcia nominal superior a 6 kW.

Atendeu aos parametros da
Norma

Complied

A capacidade maxima do
sistema fotowoltaico é
superior a 6 kW.

The maximum capacity of
the PV system is more than
6 kW.

P

Seguranca pessoal e protegdo do sistema FV

Esta Secao fornece informagdes e
consideracoes para a operagao segura e
correta dos sistemas fotowoltaicos conectados
a rede eletrica.

personal safety and protection of the PV
system

This section provides information and
considerations for the safe and correct
operation of photowoltaic systems connected to
the power grid.

TRF No. NBR 16149/ 16150A

TRF originator: TUV Rheinland Group
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ABNT NBR 16149: 2013

Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

51

Perda da tensdo da rede

Para prevenir o ilhamento, um sistema
fotowoltaico conectado a rede deve o
fornecimento de energia a rede,
independentemente das cargas ligadas ou
outros geradores, em um tempo-limite
especificado.

A rede elétrica pode ndo estar energizada por
vérias razbes. Por exemplo, a atuacao de
protecfes contra faltas e a desconexao devido
a manutencao.

Loss of wltage

To prevent islanding, a photowltaic system is
connected to the network the network power
supply regardless of other connected loads or
generators in a specified time limit.

The grid can not be energized for several
reasons. For example, the performance of
protection against faults and disconnection due
to maintenance.

Atendeu aos parametros da
Norma

Complied

P

5.2

VariagOes de tensao e frequéncia
Variations in wltage and frequency

521

Variagdo de tenséo

Quando a tensdo da rede sai da faixa de
operacao especificada na Tabela2, o sisterna
fotowoltaico deve parar de fornecer energia a
rede.

Voltage variation

When the mains wltage out of operating range
specified in Table 2, the photowltaic Sisterna
should stop supplying power to network.

Tabela 2 - Resposta as condigdes anormais de tensio
Tensao no ponto comum de conexéo (% em relag@o a8 Vnomina) | Tempo méaximo de desligamento® |

v < 80 % 04s

80% < v 110 % | Regime normal de operagao

Atendeu aos parametros da
Norma

Complied
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Quando a frequéncia da rede assumir valores
abaixo de 57.5Hz, o sistema fotowoltaico deve
cessar de fornecer energia a rede elétrica em
até 0.2 s. O sistema somente deve woltar a
fornecer energia a rede quando a frequéncia
retornar para 59.9Hz, respeitando o tempo de
reconexao descrito em 5.4

Quando a frequéncia da rede ultrapassar
60.5Hz e permanecer abaixo de 62Hz, o
sisterma fotowoltaico deve reduzir a poténcia
ativa injetada na rede segundo a equacao:

Frequency variation

When the grid frequency assume values below
57.5Hz, the photowltaic system must cease to
supply power to the power grid up to 0.2 s. The
system should only return to supply power to
the network when the frequency back to
59.9Hz, respecting the reconnection time to
paragraph 5.4

When the grid frequency exceeds 60.5Hz and
remain below 62Hz, the photowltaic sisterma
should reduce the injected active power in the
network according to the equation:

AP = [frade — (fvommvar +0,5)]x R

100 S

|

1 80,5 62

-
I

|

w0 |
[

[

B0,

B
Hz

Figura 3 - Curva de operagao do sistema fotovoltaico em fungdo da frequéncia
da rede para a desconexdo por variacao de frequéncia

Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
5.2.2 Variagao de frequéncia Atendeu aos parédmetros da P

Norma
Complied
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Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

5.3

Protecdo contra ilhamento

O sistema fotowoltaico deve cessar de fornecer
energia a rede em até 2 s apds a perda da
rede.

NOTA Os procedimentos de ensaio de anti-ilhamento séo
objetos da ABNT NBR IEC 62116

islanding protection

The photovoltaic system must cease to supply pow er to
netw ork up to 2 s after the loss of the netw ork.

NOTE The anti-islanding test procedures are the NBR IEC
62116 objects

Atendeu aos parametros da
Norma

Complied

P

54

Reconexao

Depois de uma "desconexao" devido a uma
condicao anormal da rede, o sistema
fotowoltaico ndo pode retomar o fornecimento de
energia a rede elétrica (reconexao) por um
periodo de 20 s a 300 s apds a retomada das
condicoes normais de tenséao e frequéncia da
rede.

reconnection

After a "disconnection” due to an abnormal
condition of the network, the photowoltaic
system can not resume the power supply to
grid (reconnection) for a period of 20 s to 300 s
after the resumption of normal wltage
conditions and frequency of network .

Atendeu aos parametros da
Norma

Complied

5.5

Aterramento

O equipamento de interface com a rede dewe
estar aterrado em conformidade com a IEC
60364-7-712.

Grounding

DO with the network interface equipment must
be grounded in accordance with IEC 60364-7-
712.

5.6

Protecdo contra curto-circuito

O sistema fotowolaico deve ter prote¢des contra
curto-circuito na interface de conex&do com a
rede, em conformidade com a IEC 60364-7-712.

Short-circuit protection

The fotowolaico system must have protections
against short-circuit in the connection interface
to the network, in accordance with IEC 60364-
7-712.

TRF No. NBR 16149/ 16150A
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Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

5.7

Isolac&o e seccionamento

Um metodo de isolacao e seccionamento do
equipamento de interface com a rede deve ser
disponibilizado em conformidade com a IEC
60364-7-712.

Isolation and sectioning

A method of insulation in isolation interface
equipment to the network shall be provided in
accordance with IEC 60364-7-712.

P

5.8

Religamento automatico da rede

O sistema fotowltaico deve ser capaz de
suportar religamento automatico fora de fase na
pior condicdo possivel (em oposigéo de fase).

Automatic network reconnection

The photowoltaic system must be capable of
supporting automatic reclosing out of phase in
the worst condition (in phase opposition).

Atendeu aos parametros da
Norma

Complied

Controle externo

O sistema fotowoltaico deve estar preparado
para receber sinais de controle por
telecomando.

external control

The photowltaic system must be prepared to
receive control signals by remote control.

Atendeu aos parametros da
Norma

Complied
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Secéo
Clause

Exigéncia - Teste
Requirement — Test

Resultado - Observacao
Result - Remark

Veredito
Verdict

6.1

Limitag&o de poténcia ativa

O sistema fotowoltaico com poténcia nominal
superior a 6kW deve ser capaz de limitar a
poténcia ativa injetada na rede por meio de
telecomandos.

A poténcia ativa limitada pelo comando externo
dewe ser atingida no maximo dentro de 1 min
apdés o recebimento do sinal, com tolerancia de
+ - 2,5% da poténcia nominal sistema,
respeitando as limitagdes de poténcia na
entrada do sistema fotowolaico.

active power limitation

The photowoltaic system with a nominal power
to 6kW must be able to limit the active power
injected into the network via remote controls.

The active power limited by the external
command must be achieved at most within 1
min after receiving the signal, with tolerance of
+ - 2.5% of the nominal power system,
respecting the power limitations at the entrance
of fotowolaico system.

A capacidade maxima do
sistema fotowoltaico é inferior
a6 kw.

The maximum capacity of
the PV system is more than
6 kW.

P

6.2

Comando de poténcia reativa

O sistema fotowoltaico com de poténcia
nominal superior a 6 kW dewe ser capaz de
regular a de poténcia retiva injetada/demandada
por meio de telecomandos, dentro dos limites
estabelecidos na Secéo 4.7.

A poténcia reativa exigida pelo telecomando
dewe ser atingida no maximo dentro de 10 s
apo6s o recebimento do sinal, com tolerancia de
+/-2.5% da poténcia nominal do sistema.

reactive power control

The photowltaic system with a rated output of
more than 6 kW should be able to regulate the
power injected retiva / demanded by remote
controls, within the limits set forth in Section
4.7.

The reactive power required by the remote
control should be achieved at most within 10
seconds after receiving the signal, with a
tolerance of +/- 2.5% of the rated power of the
system.

A capacidade maxima do
sistema fotowoltaico é inferior
a6 kw.

The maximum capacity of
the PV system is more than
6 kW.
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da rede

O sistema fotowoltaico deve ser capaz de
desconectar-e/reconectar-se da rede elétrica
por meio de telecomandos.

A desconexao/reconexado deve ser realizada
em no maximo 1 min apds o recebimento do
telecomando.

Disconnection / Reconnection of photowoltaic
network system

The PV system should be able to disconnect
and / reconnect the electrical network through
remote controls.

The disconnection / reconnection should be
performed in at most 1 min after receiving the
remote control.

Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
6.3 Desconexao/reconexdo do sistema fotowoltaico | Atendeu aos parametros da P

Norma
Complied
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decorrentes de faltas na rede (fault ride through
—FRT)

Para evitar a desconexao indevida da rede em
casos de afundamento de tensao, Para evitar a
desconexao indevida da rede em casos de
afundamento de tensdo, o sistema fotowoltaico
com poténcia nominal maior ou igual a 6kW
eve continuar satisfazendo os requisitos
representados graficamente na Figura 4

supportability requirements to ovenoltages
arising from faults in the network (fault ride
through -FRT)

To awoid undue network disconnection in the
event of wltage sag, to awid undue network
disconnection in the event of wltage sag, the
photowoltaic system with greater horsepower or
equal to 6kW ewve further satisfying the
requirements represented graphically in Figure

1 + -
0 200 300 Tempo
[me]

Figura 4 - Figura 4 -~ Requisitos de suportabilidade a subtensoes decorrentes de faltas
na rede (fault ride through - FRT)

Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
7 Requisitos de suportabilidade a subtensoes Atendeu aos parametros da P

Norma
Complied
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Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
5 Requisitos para equipamentos P
Requirements for equipment
5.1 Simulador de rede c.a. ver tabela 1 P
a.c. network simulator See table 1
5.2 Simulador de gerador fotowolaico ver tabela 2 P
PV Array Simulator See table 2
6 Procedimento de ensaio P
Test Procedure
6.1 Clnt”a(;éo ver tabela 3 P
Flicker See table 3
6.2 Injecdo de componente c.c. ver tabela 4 P
Injection dc component . See table 4
6.3 Harmonicas e distor¢do de Forma de Onda ver tabela 5 P
Harmonics and Waveform distortion See table 5
6.4 Fator de poténcia P
Power factor
6.4.1 Fator de poténcia — fixo ver tabela 6 P
Power factor- Fixed See table 6
6.4.2 Fator de Poténcia como a curva do FP ver tabela 6 P
Power factor as the curve of the FP See table 6
6.5 Injecdo / demanda de poténcia reativa P
Injection / reactive power demand
6.6 VariagOes de tensao P
woltage variations
6.6.1 Medicdo da tens&o de desconex&o por P
sobretens&o ver tabela 7
) ) See table 7
Measurement ovenwltage disconnection woltage
6.6.2 Medicao de tempo de desconexao por P
sobretens&o ver tabela 7
. o See table 7
Ovenvltage disconnection time measurement
6.6.3 Medicdo da tensédo de desconex&o por P
subtenséo ver tabela 7
See table 7

Measurement disconnection wltage
undenwltage

TRF No. NBR 16149/ 16150A
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Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
6.6.4 Medicdo do tempo de desconexdo por P
subtensao ver tabela 7
] o See table 7
disconnection time measurement undervoltage
6.7 Variagao de frequéncia P
Frequency variation
6.7.1 Medicdo da frequéncia de desconexao por P
sobrefrequéncia ver tabela 8
Measurement of frequency of disconnection See table 8
owerfrequency
6.7.2 Medicdo do tempo de desconexao por P
sobrefrequéncia ver tabela 8
disconnection time measurement for See table 8
overfrequency
6.7.3 Medicao da frequéncia de desconexao por P
subfrequéncia ver tabela 8
Medication frequency of disconnection by See table 8
underfrequency
6.7.4 Medicao do tempo de desconexao por P
subfrequéncia ver tabela 8
Medication the disconnection time for See table 8
underfrequency
6.8 Controle de Poténcia Ativa em sobrefrequéncia |\er tabela 9 P
Active Power control overfrequency See table 9
6.9 Reconexéo ver tabela 7, tabela 8 P
Reconnect See table 7, table 8
6.10 Reconex&o automatica fora de fase ver tabela 10 P
Automatic reconnection phase out See table 10
6.11 Limitacdo da poténcia activa P
Active Power Limitation
6.12 Comando de poténcia reativa P
reactive power control
6.13 Desconexdo e reconexdo do sistema P
fotowoltaico da rede ver tabela 13
Disconnection and reconnection of the See table 13
photowltaic network system
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Secao |Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
6.14 Requisitos de suportabilidade a subtensoes P
decorrentes de faltas na rede (fault ride through
—FRT)
supportability requirements to ovenoltages
arising from faults in the network (fault ride
through -FRT)
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16 Owerload

Secao Exigéncia - Teste Resultado - Observacao Veredito
Clause |Requirement — Test Result - Remark Verdict
6 Ensaio de inversor monofasico ou polifasico ver tabela 15 P

Single phase or multi-phase inverter testing. See table 15
Portaria n.° 357, de 01 de omman de 2014
Secao Exigéncia - Teste Resultado - Observacéo Veredito
Clause |Requirement — Test Result - Remark Verdict
INVERSORES PARA SISTEMAS P
FOTOVOLTAICOS CONECTADOS A REDE
INVERTERS FOR PHOTOVOLTAIC SYSTEMS
CONNECTED TO NETWORK
15 Protec¢do contra inversdo de polaridade Apbs o0 ensaio de inversao de P
15 Protection against reverse polarity polarlda(_je, O INVersor
fotowoltaico iniciado e
conectado a rede, o
seguimento de energia para
arede ao longo de 5
minutos, a funcionar
normalmente.
After the reverse polarity test,
the PV inverter started and
ANEXO IIl/ connected to the network,
Parte 2 the power follow to the
nework over 5 minutes,
working normaly.
16 Sobrecarga O poder do PV inversor de P

saida ac foi limitado até
8kW. Apos o teste, 0
inversor fotowoltaico iniciado
e conectado a rede, continua
a funcionar normalmente.

The ac output power of PV
inverter was limited up to
8kW. After test, the PV
inverter started and
connected to the network,
continues to operate
normally.
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= TABELA 1: Corrente Alternada Gerador AC =
' TABLE 1: Alternate Simulator atual AC

Especificacfes de fonte AC
AC supply specifications

ltens Especificacbes
ltems Specification
Tensao (passo minimo) 0.1V
Voltage (Min. step) '
THD de tenséo <0.1%

THD woltage

Frequéncia (passo minimo)
Freuquency (min. step)

0.001 Hz

Erro de Fases Sincronismo

Phase error Synchro <1

55 TABELA 2: Simulador fotovoltaica é 5
' TABLE 2: Photovoltaics Simulator

Especificagbes do PV Simulator
PV Simulator Specifications

Itens Especificacbes
Items Specification
Poténcia de saida 0-15KW
Output power
Tempo de resposta <1ms
Response time
Estabilidade o
Stability <1%
Preencha gama Fator
. 0.4
Fill factor range
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TABELA 3: Cintilagéo
6.1 _ P
TABLE 3: Flicker
sl R5-13K-T2
Model
Impedancia aplicada: 0.4Q+0.25i
Impedance
PIt 0.10 i 0.65
MedicZo Limit
Measy rg ot Pst dc(%) dmax (%) d((ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 1212
Interval 10m00s~ 10m00s
2 Element 1
volt Range  600v(230v~50Hz) Element1 Judgement: Pass
3 un W1 220.290 v Total Judgement: Pass
Freq(u1) 60.000 Hz (Element1)
:‘,1 [ [ del#] | dmaxf2] | dCt)Ims1[ Pst | Plt |
— i 3.30 4.00 500 0.65
5 5 ---“
(%)) 0.1 0.2
L‘E 7 0.1 0.2 u
0. 0. 0
8 0. 0. 0
9 0. 0. ]
0. 0. 0
10 0. 0. 0
0. 0. 0
11 0. 0. 0
0. 0. 0
0. 0. 0
12 0. 0. 0
0.10 Pass
Pst dc(%) dmax (%) d(t)(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
PIt 0.12 LS 0.65
Medico Limit
Measy rg ot Pst dc(%) dmax (%) d(H(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 1212
Interval 10m00s~10mD0s
2 Element 1
Volt Range 600v(230v~50Hz)  Element1 Judgement: Pass
3 un (1) 220.130 v Total Judgement: Pass
o Freq(u1) 60.000 Hz (Element1)
o g [ | del<T | dmaxl<] [ d(Ims1[ pPst [ pPIt |
3.30 4.00 500 0.65
& 5 --“
0.2 ; 0.
7 0.2 o
0. o.
8 0. o.
9 0. 0.
0. o.
10 0. 0.
0. 0.
11 0. 0.
0. 0.
0. 0.
12 0. 0.
0.12 Pass
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PIt 0.12 Limite 0.65
Medicéo Limit
Measarement Pst dc(%) dmax (%) d()(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 12712
Interval 10m00s~ 10m00s
2 Element 1
volt Range  600v(230v-50Hz)  Element1 Judgement: Pass
3 un (1) 220.220 v Total Judgement: Pass
Freq(u1) 60.000 Hz (Element1)
™ 4
© 5 | dclx] | dmax[x] | d()Ims1| Pst [ PI1t |
] Limit | 3.30 111} 500 ﬂ 65
b 6 ---“
1 0. 0. 2 0.
7 2 ﬂ. 0.2 ﬂ ﬂ.
8 3| 0. 0. 0 0.
9 4 0. 0. 0 0.
] 0. 0. 0 0.
10 6| 0. 0. 0 0.
7 0. 0. 0 0.
11 8| 0. 0. 0 0.
9 0. 0. 0 0.
0. 0. 0 0.
12 0. 0. 0 0.
0. 0. 0 0.
el ¢ R5-20K-T2
Model
Impedancia aplicada: 0.40+0.25]
Impedance
PIt 0.11 Limite 0.65
Medigao Limit
Measurement Pst dc(%) dmax(%) d(O(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 12712
Interval 10m00s~ 10m00s
2 Element 1
volt Range  600v(230v/50Hz) Element1 Judgement: Pass
3 un 1) 220.300 v Total Judgement: Pass
7 Freq(u1) 60.000 Hz (Element1)
5 [ | delxl [ dmaxfx1 [ dCf)Ims1| Pst [ PIt |
— 3.30 4.00 500 0.65
® 6 -- - - 300:) “ - 12
g 7
i u. u. u 01
L 8 0. 0. 0 0.
9 0. 0. (] 0.
0. 0. 1] 0.
10 0. 0. ] 0.
0. 0. 1] 0.
11 0. 0. 0 0.
0. 0. 0 0.
0. 0. 0 0.
0. 0. 0 0.
12 0. 0. 0 0.
0-11 Pass
Pst dc(%) dmax(%) d(t)(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
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PIt 0.12 Limite 0.65
Medicéo Limit
Measarement Pst dc(%) dmax (%) d()(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 1212
Interval 10m00s~10m00s
2 Element 1
volt Range 600v(230v-50Hz) Element1 Judgement: Pass
3 Un (u1) 220.160 v Total Judgement: Pass
Freq(u1) 60.000 Hz (Element1)
o 4
m 5 [ del¢T | dmax[x1 [ dC)TmsT[ Pst | PIt |
(%)) Limit | 3.30 00 500 ﬂ 65
$ 6 ---“
7 1 0. 0.
2 ﬂ. ﬂ U.
8 3| 0. 0 0.
9 4 0. 0 0.
5 0. 0 0.
10 6| 0. 0 0.
7 0. 0 0.
11 8| o. 0 0.
9 0. 0 0.
0. 0 0.
0. 0 0.
12 0. 0 0.
0.12 Pass
PIt 0.12 Limite 0.65
Medigéo Limit
Ve asurgm ot Pst dc(%) dmax (%) d(H)(ms)
Limite=1.0 Limite=3.3 Limite=4.0 Limite=500
Limit Limit Limit Limit
1 Count 1212
Interval 10m00s~ 10m00s
2 Element 1
Volt Range  600w(230¥-50Hz) Element1 Judgement: Pass
3 un (U1l 220.250 v Total Judgement: Pass
7 Freg(u1) 60.000 Hz (Element1)
2 5 [ | delxT [ dmaxl21 [ dC)ImsT| Pst | Pt |
Limit 00 500 0. bﬁ
2 6 -“-“
7 1] 0. 0.
2 1] 1]
8 3l 0 0
9 4| 0 ; 0
5( 0 i ]
10 6| 0 : 0
¥ 1] i 1]
11 8| 0.13 p. 0
9 1] ; 1]
0 i 1}
0 i 0
12 i _ q
0.12 Pass

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group



www.tuv.com

Folha 29 de 83

A TUVRheinland®

Relatério n°; 50332538 001

o TABELA 4: Injecdo de componente c.c. -
TABLE 4: DC component
Modelo :
Model R5-20K-T2
e | o | | e | eete || g
S Yolage | R S Tl | e | s> | g | s
R:0.32 | 1.06% 0.168
33+5 | 6777 | 220 | 303 | 30.3 | 30.3 [s:0.16 | 0.53% O’Ii% 0.109 1
T:0.22 | 0.73% 0.130
R:0.23 | 0.76% 0.181
66+5 | 13515 | 220 | 30.3 | 30.3 | 30.3 [s:0.16 | 0.53% O’Ii% 0.181 1
T:0.55 | 1.82% 0.179
R:0.21 | 0.69% 0.140
100+5 | 19960 | 220 | 30.3 | 30.3 | 30.3 [s:0.17| 0.56% O'Ii% 0.142 1
T:0.19 | 0.63% 0.121
Nota:
Note:

- TABELA 5: Harménicas e distorcdo de forma de onda S
' TABLE 5: Harmonics and Wave Form distortion
Modelo:
Model R5-13K-T2
Harmdnicos na operagao continua
Harmonics at continuous operation
P/Pn[%] 0% | 20% | 30% | 50% | 75% | 100%
Fase _—
Phase L1 L:Tr:ﬁs
Ordem Medicdo [Harmonic / Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]
[%] [%0] [%] [%0] [%] [%] [%0]
2 0.101 0.674 0.305 0.299 0.176 0.302 1.0
3.485 0.524 0.360 0.171 0.140 0.147 4.0
0.139 0.230 0.366 0.260 0.144 0.119 1.0
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5 1.789 3.437 2.902 2.049 1.387 1.099 4.0
6 0.131 0.316 0.236 0.160 0.091 0.081 1.0
7 0.910 1.531 1.673 1.337 0.991 0.772 4.0
8 0.071 0.387 0.242 0.158 0.113 0.093 1.0
9 0.683 0.111 0.083 0.057 0.044 0.036 4.0
10 0.044 0.424 0.300 0.192 0.131 0.106 0.5
11 0.389 0.584 0.581 0.588 0.489 0.413 2.0
12 0.091 0.068 0.050 0.047 0.030 0.026 0.5
13 0.361 0.597 0.393 0.461 0.390 0.316 2.0
14 0.137 0.216 0.124 0.086 0.055 0.048 0.5
15 0.325 0.073 0.049 0.037 0.028 0.023 2.0
16 0.195 0.153 0.080 0.050 0.036 0.027 0.5
17 0.215 0.379 0.208 0.223 0.236 0.189 1.5
18 0.126 0.063 0.047 0.032 0.021 0.018 0.5
19 0.279 0.307 0.241 0.209 0.248 0.209 1.5
20 0.064 0.116 0.059 0.036 0.022 0.018 0.5
21 0.116 0.053 0.035 0.023 0.019 0.017 1.5
22 0.032 0.171 0.110 0.064 0.052 0.046 0.5
23 0.169 0.118 0.155 0.095 0.168 0.146 0.6
24 0.036 0.055 0.035 0.024 0.017 0.014 0.5
25 0.018 0.078 0.119 0.050 0.124 0.101 0.6
26 0.038 0.143 0.097 0.057 0.043 0.040 0.5
27 0.098 0.050 0.033 0.019 0.019 0.016 0.6
28 0.027 0.080 0.056 0.030 0.019 0.015 0.5
29 0.033 0.188 0.123 0.022 0.080 0.066 0.6
30 0.017 0.044 0.030 0.018 0.014 0.011 0.5
31 0.013 0.169 0.077 0.064 0.124 0.110 0.6
32 0.011 0.088 0.065 0.041 0.026 0.020 0.5
33 0.016 0.051 0.039 0.024 0.014 0.012 0.6
THD 4.170 4.108 3.559 2.656 1.919 1.556 5
Nota:
Note:
P/Pn[%] 0% | 20% | 30% | 50% | 75% | 100%
Phase 2 Himies
Ordem Medic&o [Harmonic /'Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]
%] [ 1% | (%l | (% [ (% [ [%] [%]
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2 0.153 0.681 0.442 0.348 0.106 0.162 1.0
3 2.960 0.394 0.338 0.220 0.167 0.168 4.0
4 0.370 0.358 0.244 0.204 0.114 0.106 1.0
5 2.424 3.550 3.001 2.127 1.417 1.092 4.0
6 0.304 0.216 0.176 0.150 0.086 0.078 1.0
7 1.297 1.528 1.645 1.306 0.953 0.738 4.0
8 0.209 0.342 0.260 0.173 0.100 0.067 1.0
9 1.495 0.128 0.098 0.057 0.042 0.035 4.0
10 0.428 0.379 0.252 0.164 0.112 0.091 0.5
11 0.745 0.575 0.578 0.619 0.506 0.422 2.0
12 0.248 0.056 0.052 0.047 0.027 0.022 0.5
13 0.320 0.547 0.342 0.434 0.368 0.297 2.0
14 0.224 0.219 0.115 0.080 0.055 0.044 0.5
15 0.437 0.054 0.044 0.026 0.022 0.017 2.0
16 0.206 0.164 0.085 0.050 0.035 0.025 0.5
17 0.273 0.384 0.212 0.236 0.245 0.194 1.5
18 0.208 0.050 0.037 0.031 0.020 0.017 0.5
19 0.308 0.289 0.228 0.194 0.237 0.200 1.5
20 0.165 0.111 0.070 0.036 0.025 0.018 0.5
21 0.198 0.039 0.033 0.022 0.017 0.014 1.5
22 0.057 0.177 0.114 0.065 0.051 0.045 0.5
23 0.121 0.102 0.155 0.100 0.179 0.155 0.6
24 0.062 0.037 0.031 0.023 0.016 0.013 0.5
25 0.044 0.086 0.120 0.050 0.115 0.096 0.6
26 0.062 0.139 0.097 0.058 0.045 0.042 0.5
27 0.126 0.053 0.033 0.017 0.014 0.011 0.6
28 0.028 0.089 0.059 0.031 0.021 0.015 0.5
29 0.024 0.166 0.111 0.023 0.084 0.071 0.6
30 0.010 0.034 0.027 0.017 0.013 0.011 0.5
31 0.011 0.183 0.084 0.074 0.119 0.105 0.6
32 0.013 0.100 0.070 0.042 0.027 0.019 0.5
33 0.019 0.068 0.044 0.024 0.014 0.010 0.6
THD 4.521 4.172 3.618 2.709 1.912 1.507 5
Nota:
Note:
PPn[%] | 10% | 20% | 30% | 50% | 75% | 100% | Limites
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P =
Ordem Medicdo [Harmonic / _Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]

[%] [%] [%] [%] [%] [%] [%]

2 0.028 0.754 0.452 0.363 0.186 0.304 1.0
3 3.524 0.244 0.233 0.155 0.144 0.177 4.0
4 0.062 0.397 0.266 0.214 0.113 0.118 1.0
5 1.901 3.542 2.970 2.092 1.418 1.093 4.0
6 0.105 0.221 0.187 0.161 0.085 0.086 1.0
7 0.995 1.587 1.696 1.345 0.976 0.753 4.0
8 0.084 0.487 0.313 0.209 0.129 0.097 1.0
9 0.645 0.119 0.100 0.081 0.052 0.050 4.0
10 0.069 0.383 0.272 0.174 0.122 0.103 0.5
11 0.354 0.585 0.562 0.583 0.483 0.409 2.0
12 0.078 0.068 0.054 0.053 0.028 0.030 0.5
13 0.333 0.591 0.375 0.460 0.382 0.311 2.0
14 0.106 0.248 0.143 0.087 0.066 0.053 0.5
15 0.324 0.077 0.051 0.030 0.025 0.023 2.0
16 0.086 0.154 0.081 0.049 0.036 0.028 0.5
17 0.263 0.387 0.227 0.232 0.237 0.190 1.5
18 0.095 0.053 0.042 0.032 0.021 0.021 0.5
19 0.191 0.332 0.237 0.201 0.244 0.207 1.5
20 0.062 0.118 0.067 0.036 0.024 0.019 0.5
21 0.077 0.087 0.062 0.039 0.028 0.022 1.5
22 0.018 0.171 0.113 0.066 0.050 0.047 0.5
23 0.181 0.101 0.158 0.102 0.170 0.147 0.6
24 0.026 0.054 0.038 0.024 0.016 0.016 0.5
25 0.021 0.108 0.138 0.055 0.127 0.104 0.6
26 0.033 0.165 0.106 0.065 0.048 0.045 0.5
27 0.100 0.094 0.063 0.033 0.016 0.014 0.6
28 0.027 0.093 0.060 0.033 0.021 0.016 0.5
29 0.029 0.146 0.101 0.029 0.081 0.064 0.6
30 0.020 0.038 0.033 0.018 0.014 0.013 0.5
31 0.020 0.202 0.104 0.066 0.116 0.103 0.6
32 0.011 0.109 0.078 0.044 0.029 0.022 0.5
33 0.021 0.130 0.085 0.054 0.033 0.018 0.6
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THD 4.246 4.227 3.624 2.701 1.928 1.544 5
Nota:
Note:
Mode R5-20K-T2
Harmaonicos na operagao continua
Harmonics at continuous operation
P/Pn[%] 0% | 20% | 30% | 50% | 75% | 100%
Phase 1 Hmies
Ordem Medicdo [Harmonic / _Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]
[%] [%] [%] [%] [%] [%] [%]
2 0.068 0.370 0.142 0.444 0.509 0.626 1.0
3 3.158 0.343 0.210 0.398 0.314 0.203 4.0
4 0.101 0.383 0.252 0.181 0.119 0.080 1.0
5 1.704 2.846 2.215 0.494 0.362 0.299 4.0
6 0.130 0.233 0.149 0.218 0.181 0.158 1.0
7 0.590 1.675 1.424 0.456 0.321 0.260 4.0
8 0.060 0.265 0.171 0.325 0.215 0.182 1.0
9 0.737 0.073 0.059 0.132 0.089 0.066 4.0
10 0.032 0.287 0.209 0.211 0.126 0.093 0.5
11 0.282 0.596 0.620 0.746 0.734 0.595 2.0
12 0.077 0.049 0.035 0.074 0.050 0.042 0.5
13 0.293 0.410 0.478 0.475 0.509 0.385 2.0
14 0.130 0.126 0.097 0.110 0.082 0.047 0.5
15 0.231 0.043 0.035 0.092 0.058 0.034 2.0
16 0.170 0.074 0.057 0.147 0.082 0.047 0.5
17 0.185 0.200 0.223 0.281 0.284 0.196 1.5
18 0.094 0.039 0.026 0.072 0.045 0.030 0.5
19 0.167 0.229 0.195 0.222 0.268 0.228 15
20 0.046 0.053 0.031 0.080 0.054 0.030 0.5
21 0.052 0.031 0.023 0.062 0.050 0.032 1.5
22 0.019 0.107 0.070 0.087 0.064 0.045 0.5
23 0.109 0.140 0.081 0.301 0.189 0.147 0.6
24 0.027 0.031 0.021 0.063 0.039 0.025 0.5
25 0.021 0.106 0.037 0.513 0.270 0.122 0.6
26 0.025 0.094 0.060 0.081 0.059 0.045 0.5
27 0.077 0.029 0.019 0.100 0.082 0.032 0.6
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28 0.018 0.057 0.036 0.061 0.046 0.038 0.5

29 0.019 0.106 0.026 0.518 0.257 0.126 0.6

30 0.012 0.027 0.019 0.058 0.041 0.029 0.5

31 0.013 0.068 0.063 0.250 0.147 0.153 0.6

32 0.007 0.058 0.042 0.063 0.044 0.033 0.5

33 0.014 0.030 0.024 0.057 0.046 0.046 0.6

THD 3.768 3.520 2.823 1.726 1.425 1.197 5
Nota:
Note:

P/Pn[%] 0% | 20% | 30% | 50% | 75% | 100%
phase 2 it
Ordem Medic&o [Harmonic /'Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]

[%] [%] [%] [%] [%] [%] [%]

2 0.155 0.381 0.223 0.357 0.529 0.634 1.0

3 2.558 0.347 0.232 0.493 0.377 0.220 4.0

4 0.273 0.229 0.165 0.155 0.147 0.116 1.0

5 1.952 2.969 2.299 0.521 0.395 0.346 4.0

6 0.218 0.161 0.113 0.240 0.217 0.184 1.0

7 0.539 1.640 1.402 0.519 0.328 0.244 4.0

8 0.180 0.212 0.148 0.333 0.256 0.213 1.0

9 1.419 0.089 0.063 0.107 0.091 0.080 4.0

10 0.285 0.229 0.170 0.229 0.140 0.128 0.5

11 0.402 0.586 0.649 0.792 0.787 0.632 2.0

12 0.229 0.046 0.039 0.088 0.081 0.073 0.5

13 0.254 0.359 0.451 0.455 0.482 0.387 2.0

14 0.121 0.104 0.075 0.112 0.094 0.061 0.5

15 0.267 0.045 0.030 0.073 0.058 0.039 2.0

16 0.146 0.078 0.050 0.177 0.081 0.056 0.5

17 0.164 0.197 0.228 0.267 0.315 0.213 15

18 0.167 0.033 0.026 0.072 0.059 0.046 0.5

19 0.210 0.219 0.181 0.225 0.247 0.222 1.5

20 0.096 0.066 0.036 0.109 0.056 0.037 0.5

21 0.120 0.032 0.022 0.063 0.042 0.033 1.5

22 0.050 0.107 0.068 0.091 0.065 0.053 0.5

23 0.075 0.140 0.076 0.311 0.211 0.169 0.6

24 0.039 0.029 0.022 0.066 0.049 0.038 0.5
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25 0.019 0.108 0.035 0.514 0.243 0.114 0.6

26 0.041 0.098 0.064 0.095 0.060 0.046 0.5

27 0.095 0.032 0.021 0.115 0.043 0.035 0.6

28 0.021 0.059 0.037 0.055 0.042 0.038 0.5

29 0.011 0.105 0.020 0.520 0.262 0.131 0.6

30 0.008 0.028 0.019 0.056 0.046 0.031 0.5

31 0.010 0.072 0.072 0.233 0.082 0.145 0.6

32 0.011 0.064 0.046 0.058 0.041 0.033 0.5

33 0.014 0.033 0.025 0.054 0.037 0.056 0.6

THD 3.673 3.574 2.877 1.779 1.494 1.264 5
Nota:
Note:

P/Pn[%] 0% | 20% | 30% | 50% | 75% | 100%
Phase 3
Ordem Medi¢do [Harmonic / _Fundamental]
Ordinal number Measurement [Harmonic/Fundamental]

[%] [%] [%] [%] [%] [%] [%]

2 0.025 0.356 0.194 0.596 0.613 0.806 1.0

3 3.091 0.238 0.151 0.552 0.469 0.315 4.0

4 0.063 0.316 0.197 0.245 0.158 0.131 1.0

5 1.674 2.935 2.264 0.563 0.430 0.369 4.0

6 0.102 0.186 0.129 0.273 0.208 0.195 1.0

7 0.557 1.712 1.440 0.434 0.323 0.267 4.0

8 0.067 0.319 0.200 0.407 0.225 0.204 1.0

9 0.735 0.098 0.081 0.143 0.106 0.091 4.0

10 0.041 0.257 0.201 0.255 0.120 0.115 0.5

11 0.194 0.585 0.607 0.799 0.746 0.609 2.0

12 0.064 0.052 0.037 0.094 0.084 0.079 0.5

13 0.295 0.392 0.477 0.480 0.503 0.377 2.0

14 0.087 0.148 0.099 0.152 0.089 0.070 0.5

15 0.284 0.056 0.032 0.107 0.066 0.045 2.0

16 0.066 0.075 0.054 0.191 0.081 0.055 0.5

17 0.209 0.224 0.225 0.289 0.293 0.191 1.5

18 0.073 0.039 0.026 0.082 0.069 0.052 0.5

19 0.158 0.219 0.188 0.252 0.265 0.228 1.5

20 0.045 0.071 0.042 0.123 0.062 0.040 0.5

21 0.053 0.054 0.036 0.080 0.056 0.038 1.5
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22 0.013 0.113 0.070 0.107 0.068 0.053 0.5

23 0.130 0.148 0.085 0.322 0.202 0.166 0.6

24 0.020 0.035 0.025 0.086 0.057 0.043 0.5

25 0.018 0.118 0.039 0.502 0.251 0.115 0.6

26 0.023 0.111 0.072 0.105 0.069 0.052 0.5

27 0.078 0.063 0.041 0.205 0.097 0.041 0.6

28 0.022 0.057 0.036 0.068 0.052 0.039 0.5

29 0.014 0.090 0.023 0.506 0.242 0.161 0.6

30 0.015 0.028 0.019 0.079 0.054 0.031 0.5

31 0.013 0.079 0.067 0.240 0.126 0.156 0.6

32 0.008 0.073 0.048 0.075 0.049 0.037 0.5

33 0.017 0.080 0.060 0.075 0.056 0.071 0.6

THD 3.683 3.598 2.866 1.932 1.557 1.387 5
Nota:
Note:

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group



A_ TUVRheinland®

WWW.tuv.com Folha 37 de 83 Relatdrio n°: 50332538 001

TABELA 6: Fator de Poténcia — FIXO
6.4/6.5 P
TABLE 6: Power Factor - FIXED

Test 1: Power Factor Curve
Lock-in: 1,04Vn (Vn and 1,1 Vn with steps of 0,01)
Lock-out: 1,00Vn (0,9 Vn and Vn with steps of 0,01)

iodelo: R5-20K-T2
E/eT;ET;]t W | PPl | vouvn | Quan | CoS@ sgﬁﬁéﬁn | acose Scosg T
10 2016.53 10.08 1,02 5.61 1.000 1 0.000 +/-0,025
20 4036.46 20.18 1,02 25.58 1.000 1 0.000 +/-0,025
30 6037.33 30.19 1,02 28.95 1.000 1 0.000 +/-0,025
50 10015.32 50.08 1,02 72.29 1.000 1 0.000 +/-0,025
60 12036.14 60.18 1,02 95.80 1.000 1 0.000 +/-0,025
60 12036.63 60.18 1,06 -2428.13 0.980 0.98 0.000 +/-0,025
75 15037.87 75.19 1,06 -4941.95 0.950 0.95 0.000 +/-0,025
100 20122.22 100.61 1,06 -9734.50 0.900 0.90 0.000 +/-0,025
100 20153.11 100.77 0,98 113.67 1.000 1 0.000 +/-0,025

Grafico producéo de poténciareativade acordo com uma caracteristica Curva do Fator de Poténcia
Graph reactive power production according to a characteristic Power Factor Curve
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Grafico producédo de poténciareativade acordo com uma caracteristica Curva do Fator de Poténcia
Graph reactive power production according to a characteristic Power Factor Curve
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FP
0.95/0,90

0,95/0,90¢+

CAPACITATIVO

20 %

INDUTIVO

.,
()
2

/P i

Test 2: Injection / Demand of Reactive Power

Modelo:
Model R5-20K-T2
Qcmax
Pow er-Bin Actlv[e\\/\p/)Jow er Polj\;a:f tl[vvi 1 PE?;EV;,. 'lzg\é\f[grr P?)svag:}vgn Deviation Limits
(coso) setpoint
10 % 2034.44 9679.54 48.40% 0.206 48,43% -0.03% --
20 % 4014.03 9683.10 48.42% 0.383 48,43% -0.01% +/-2,5%
30 % 6041.14 9684.51 48.42% 0.529 48,43% -0.01% +-2,5%
50 % 10015.52 9691.28 48.46% 0.719 48,43% 0.03% +-2,5%
75 % 14990.52 9687.44 48.44% 0.840 48,43% 0.01% +/-2,5%
100 % 20057.46 9697.39 48.49% 0.900 48,43% 0.06% +/-2,5%
QLmax
Pow er-Bin AC“VRA?]OW er Poljf:rctl[vvz f PE?;:}V; Eg\é\ltsrr P?)svagst?n Deviation Limits
(coso) setpoint
10 % 2017.83 -9477.57 -47.39% 0.208 48,43% 1.04% --
20 % 3999.92 -9692.26 -48.46% 0.381 48,43% -0.03% +/-2,5%
30 % 6001.92 -9678.99 -48.39% 0.527 48,43% 0.04% +-2,5%
50 % 10023.18 -9686.50 -48.43% 0.719 48,43% 0.00% +/-2,5%
75 % 14959.10 -9682.18 -48.41% 0.839 48,43% 0.02% +/-2,5%
100 % 20012.62 -9675.17 -48.38% 0.900 48,43% 0.05% +/-2,5%
Q=0
Pow er-Bin ACtN[e\AE)]OW er POF;\;&:rctl[sz ] Pisvags\/; Ilzg\clzvtgrr P?)Svag:;vF?n Deviation Limits
(coso) setpoint
10 % 2026.63 16.37 0.14% 1.000 0 0.14% --
20 % 4001.40 8.23 0.07% 1.000 0 0.07% +-2,5%
30 % 6002.76 -18.40 -0.15% 1.000 0 -0.15% +-2,5%
50 % 10028.59 14.94 0.12% 1.000 0 0.12% +/-2,5%
75 % 15016.31 80.19 0.67% 1.000 0 0.67% +/-2,5%
100 % 20076.70 251.01 2.09% 1.000 0 2.09% +-2,5%
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Graficar la produccidon de potenciareactivade acuerdo con una curva de potenciareactiva caracteristica
Graph reactive power production according to a characteristic reactive power Curve
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Graficar la produccién de potenciareactivade acuerdo con unacurva de potenciareactiva caracteristica
Graph reactive power production according to a characteristic reactive power Curve
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gg; TABELA 7: Desconexao devido a Alto / Baixo Tenséo 5
6.6.3. 6.6.4 | TABLE 7: Disconnection due to High/Low Voltage
Baixa ommand: Alta ommand:
Low voltage: High voltage:
PASSOS para valor viagem 88%Un -> diminuir por max 0,4%Un | Un -> aumentar por max 0,4%Un
[V to V]: P 9 cada etapa cada etapa
STEPS .for trio value: 88%Un -> decrease by max Un -> increase by max 0,4%Un
P ' 0,4%Un per. steps per. steps
pimite [U/Un%e: 80%Un 110%Un
A preciséo da
L1 medic&o do 176.1 80.0% 242.0 110.0%
Fase valor de trip
Phase L2 |[V] [%]: 176.0 80.0% 242.1 110.0%
Measurement
L3 ?rfe(:l:rri?)?i/ngf 176.0 80.0% 242.0 110.0%

PASSO para o tempo de
viagem [V to V]:
STEP for trip time:

Urrip+2%Un -> Vyip-1%Un

Urip-2%Un -> Uyig+1%Un

Definir o valor do tempo de

viagem [ms]: 400 200
Setting value of trip time:
L1 [Medigdo do 326 170
tempo de
Fase intervencao
Phase L2 [ms]: 326 169
Measurement
L3 |the trip time: 333 172
Mensuracédo o tempo de
reconexao [s]: 36 37

Measurement the

reconnection time:

Nota:
Note:

O valor de ajuste eo valor da viagem tensao nao pode variar mais do que <2% Un e 2%.
The setting value and the trip value of the wltage may not vary by more than <2%Un and 2%.
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6.7.1,6.7.2,
6.7.3,6.7.4

TABELA 8: Desconexéo devido a Alto / Baixo frequéncia
TABLE 8: Disconnection due to High/Low Frequency

Baixa frequéncia:
Low frequency:

Alta frequéncia:
High frequency:

PASSOS para valor viagem

58Hz -> diminuir por max 0,1Hz

60Hz -> aumentar por 0,1Hz cada

[Hz to Hz]: cada etapa etapa

STEPS for trip value: 58Hz -> decrease by max 0,1Hz 60Hz -> increase by max 0,1Hz
per. steps per. steps

Limite [Hz]: 57.5 62

Limit:

A precisdo da medic&o do

valor de trip [Hz] : 57 50 61.99

Measurement accuracy of
the tripping value:

PASSO para o tempo de
viagem [Hz to Hz]:
STEP for trip time:

58Hz -> Freq.qip-0.1Hz

60Hz -> Freq.yip+0.1Hz

Definir o valor do tempo de
viagem [ms]:
Setting value of trip time:

200

200

Medicdo do tempo de
intervencédo [ms]:
Measurement the trip time:

186.9

184.5

Mensuracdo o tempo de
reconexao [s]:
Measurement the
reconnection time:

37

37

Nota:
Note:

O valor de ajuste eo valor da viagem frequéncia nédo pode variar mais do que + 0,1Hz e 2%.
The setting value and the trip value of the frequency may not vary by more than +0,1Hz and 2%.
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. TABELA 9: Controle de poténcia ativa em Alta frequéncia S
' TABLE 9: Control of Active Power in High Frequency

Modelo:

Model R5-20K-T2

100/50

» F
60 60,2 60,5 61 61,5 619 [Hz]
Sequéncia A: 100% Pn
Sequence A: 100%Pn
Passo S [ Vc?tlgrrmg Z doeS \(ljet‘g)r:ssa onto
de saida freqliéncia P : potenci o P
# esperado reais * Limites Graph
Step [%] [Hz] W] (W] limits Graph
Set output frequency :
Expected | Actual power point
power
power value values*
P1 100 60.0 20000 20067 -- P1
P2 100 60.2 20000 20063 + 2.5% Pn P2
P3 100 60.5 20000 20064 + 2.5% Pn P3
P4 100 61.0 16000 16098 + 2.5% Pn P4
P5 100 61.5 12000 12069 + 2.5% Pn P5
P6 100 61.9 8880 8934 + 2.5% Pn P6
P7 100 60.2 8880 8934 + 2.5% Pn P7
tempo de atraso de recuperacdo de energia: 336 s, Limitagcdo: >300 s
Power recovery delay time: 342 s, limitation: 2300 s
P8 Maxima de aumentacdo Gradiente (%Pw/min) : 17.67, Limitac&o : 20%Pwm/min.
maximum rising Gradient (Y%Pwv/min): 17.67, limitation: 20% PM / min.
100 | 600 | 20000 | 20068 | t25%Pn | P8
Sequéncia B: 50% Pn
Sequence B: 50%Pn
sy | TR peténcia | de poténcia ot
de saida freqliéncia P pot . - P
# [%] [Hz] esperado reais L|_m|_tes Graph
SHS2 Set output frequency [W] [W] s Grqph
Expected | Actual power point
power
power value values*
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P1 50 60.0 10000 10022 -- P1
P2 50 60.2 10000 10008 + 2.5% Pn P2
P3 50 60.5 10000 10002 + 2.5% Pn P3
P4 50 61.0 8000 7942 + 2.5% Pn P4
P5 50 61.5 6000 5910 + 2.5% Pn P5
P6 50 61.9 4440 4369 + 2.5% Pn P6
P7 50 60.2 4440 4371 +2.5% Pn P7

tempo de atraso de recuperacdo de energia: 340 s, Limitagdo: =300 s
Power recovery delay time: 340 s, limitation: 2300 s

P8

Maxima de aumentacgdo Gradiente (%Pw/min) : 8.93, Limitagéo : 20%Pwm/min.
maximum rising Gradient (%Pwn/min): 8.93, limitation: 20% PM / min.

50 | 600 | 10000 | 10008 | +25%Pn | P8

Nota:
Note:
*) 30s valor médio.
*) 30s mean value.
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TABELA 10 Reconexao automatica fora de fase P

St TABLE 10: Automatic Reconnection out of phase

Modelo:

Model R5-20K-T2

deslocamento de

fase [°] corrente de fase [A] Resultado
Phase Phase current Result

displacement

Poténcia de saida
(W]
Output Power

Teste
Test

Nenhum dano
Inversor
desconectado.
No damage
Inverter
disconnected.

1 14451 +90° 20.2

Nenhum dano
Inversor
desconectado.
No damage
Inverter
disconnected.

2 14551 -90° 22.0

Nenhum dano
Inversor
desconectado.
No damage
Inverter
disconnected.

3 14540 +180° 22.6

Nenhum dano
Inversor
desconectado.
No damage
Inverter
disconnected.

4 14544 -180° 22.0

Nota: N/A
Note: N/A
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TABELA 11: Limitacdo de energia ativa / comando remoto (para
-t sistemas maiores que 6kW) =
' TABLE 11: Active Power Limitation / Remote Command (for systems
bigger than 6kW)
Modelo:
Model R5-20K-T2
Test Procedure .........c.cooeeviiiiiiniiinnn, :[NBR 16150:2013/ clause 6.11 —
St i :| PVE Laboratory =
Set Point Actual pow er . o .
[APIPYG] W] W] Precision [%] A PIPn% Limit [%6] RESULT
100% 20000 19988 99.94% 0.06% +2,5% Pn PASS
90% 18000 18022 90.11% -0.11% +2,5% Pn PASS
80% 16000 16028 80.14% -0.14% +2,5% Pn PASS
70% 14000 14032 70.16% -0.16% +2,5% Pn PASS
60% 12000 11811 59.06% 0.94% +2,5% Pn PASS
50% 10000 9778 48.89% 1.11% +2,5% Pn PASS
40% 8000 8012 40.06% -0.06% +2,5% Pn PASS
30% 6000 6007 30.03% -0.03% +2,5% Pn PASS
20% 4000 4011 20.05% -0.05% +2,5% Pn PASS
10% 2000 2002 10.01% -0.01% +2,5% Pn PASS
Nota:
Note:

TABELA12: Limitacdo de poténcia reativa / comando remoto (para

sistemas maiores que 6kW)
6.12 P

TABLE 12: Reactive Power Limitation / Remote Command (for
systems bigger than 6kW)

Modelo:

Model R5-20K-T2

Test Procedure .......c.oovvveveiiiiiiiienann, :INBR 16150:2013/ clause 6.12 —

SIE i :|PVE Laboratory —

AC output power:50%Pn

Set-Point Actual pow er Measured Q/Pn [%] | Dewviation AQ/Pn . o

Q/Pn [%)] W] (%] Limt [%] RESULT

-43,58% 9968 -43.44 0.14 <2.5 PASS

0 10049 0.58 0.58 <2.5 PASS

+43,58% 9990 43.39 -0.19 <2.5 PASS
Nota: N/A
Note: N/A
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TABELA 13: Desconexao e reconexao de Inverter / Remote
Comando
6.13 _ _ _ P
TABLE 13: Disconnection and Reconnection of Inverter / Remote
Command
Modelo:
Model R5-20K-T2

Desconectado da rede pelo ommando externo:

(@ 250V @ 15004 ) (Z 40.0ms Hl.om\«l ]

0.023s

Reconectado a rede pelo ommando externo:

(@ 250V & 50,04 )(Z 4.00s

20 25 2020
11:09:25

31.00s

Nota:
Note:
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6.14 maiores que 6kW)

TABELA 14 Passeio da falha completamente-FRT(para sistemas

TABLE 14: Fault Ride Through — FRT (for systems bigger than 6kW)

Model

Modelo: R5-20K-T2

Test Procedure ......cooceveeveeiieieeiinnnn.. :

NBR 16150:2013/ clause 6.14 —

S e :

PVE Laboratory —

V.

Two-Phase Asymmetrical Fault

Fault Phase/Meutro (% of nominal voltage)
Phase Angle
Phase 1 Phase 2 Phase 3 Anglel | Angle2 Angle3
5% 87% +- 5% 87% +- 5% 5% +- 5% 27 -147 113
45% 90% +- 5% 90% +- 5% 45% +- 5% 15 -135 115
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[ ]
Output power: 20000W Limit: 100% Pn.
residual magnitude phase angle Power output
[VI-n] [] 200ms
R s T o | o2 | o3 (W] W]

1 - three phases symmetric failure | 11.01 11.01 10.99 0 -120 120 19937 19494
2 - three phases symmetric failure | 99.04 | 98.93 | 99.10 0 120 | 120 19930 19504
8 - not symmetric two phases 191.47 | 19157 | 1095 | 27 | -147 | 113 19946 19502
failure (A-B)
4 - not symmetric two phases 198.12 | 198.36 | 98.84 | 15 | -135 | 115 19941 19991
failure (A-B)
5 - not symmetric two phases 10.95 |191.62 | 191.32 | 113 27 | -147 19915 19572
failure (C-B)
6 - not symmetric two phases 98.97 |197.90 | 19823 | 115 | 15 | -135 19943 19639
failure (C-B)
7 - not symmetric two phases 191.57 | 10.97 | 191.35 | -147 | 113 | 27 19929 19591
failure (A-C)
& R SRS 1 RS 198.14 | 98.88 | 198.15 | -135 | 115 | 15 19932 19440
failure (A-C)

1 - three phases symmetric failure

-] AL..A] Al...A] AlL..A] A

EED) coxoien BEDD  oosseTo 00:45:04.500 00:45:04,500 00:46:05.000 00:46:05. 100 00450
A B AR

Bid [s] D0:46:04.5581218 00:46:04.6502380 0.0821162
Al1jU1[V] -111.5191 62.24871 1737678
Al /U2 V] -195.9522 233.1996 4291518
AlLjUz V] 308.1925 -296.2687 -604.4612
Al 111 [A] -15.12742 7.982779 2311020
Al1/12 [A] -27.22674 32.07689 50.30362
Al1/13 [4] 42.79932 -40.09257 -82.39189
U1_tRMS_rc@POWER/0 [V] 2207565 220,845 0.091025
U2_tRMS_rc@POWER/0 [V] 230.7606 230.6517 -0.108963
Uz_tRMS_rc@POWERJo0 [V] 220.1231 2201133 084203

30.23619 30.25520 0.018012

30.12965 30.116845 -D.011189
13_tRMS_rc@POWER/0 [A] 30.04131 30.05100 9.68%-3
P_t_rc@POWER/0 [W] 19937.36 1994040 3042060
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U] U] U] AL..A] AlL..A] AL..A] AL.V] AL.V] AL.V]

P...] I3...4]

B [s] 00:46:04.7088005 00:46:04.9087250 0.1999245

AlLjUL[V] -8.405808 2511501 5.984307

Al U2 [V] -93.70089 -11.68251 82.01838

Al1jUz V] 105.8796 14.41622 -91.46333

Al1/11[4] -4.683113 -0.020027 4.663086

AlL12 [A] -60.76756 0247240 6052032

Al1/12 [A] 65.43184 0224829 -65.20701

U1 tRMS rc@POWER/D [V] 2179732 1115698 -206.8162

U2_tRMS_rc@POWER/0 [V] 219.2023 10.97757 -208.2247

U3_tRMS_rc@POWER/D [V] 220.6990 10.30559 -209.7934
29.88690 0267657 20.61924
30.55016 0279159 -30.27100

12_tRMS_rc@POWER/0 [A] 31.02663 0269621 -30.75701

P_t_rc@POWER/0 [W] 1894453 7.299683 -19937.23

5

=

2

2

3

=

<

2

T

:

<

E]

i

s

=]

T

]

d

B4iE [s] 00:46:04. 7088005 00:46:04.8086230 0,0998225
Al 1jU1 [V] -8.495808 -3.013134 5.482674
Al /U2 [V] -93,70089 1117182 82.52907
Al 1jU3 [V] 105.8796 14.60052 -91.27904
Al 111 [A] -4.683113 -0.068569 4.614544
AlLjI2 [A] -60.76756 -0.249386 6051817
Al 112 [A] 65.43184 0.283527 -65.14831
U1_tRMS_rc@POWER/o0 [V] 217.9732 11.01032 -206.9629
U2_tRMS_rc@POWER/0 [V] 2192023 11.01889 -208.1823
U3_tRMS_rc@POWER/0 [V] 220.6390 10.98690 -209.7121

29.88690 0.268985 -29.61792

3055016 0.291390 -30.25877
13_tRMS_rc@POWER/0 [A] 3102663 0.278007 -30.74862
P_t_rc@POWER/0 [W] 1994453 7.910162 -19936.62
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U..] U] U..] AlL..A] AL..A] AL..A] AL.V] AL.¥] AL.V]

P..] 13..4]

B4iE [s] 00:46:04,.9077800 00:46:05,0708234 0.1630434
Al 1jU1 [V] -8.223057 -295.3241 287.1010
Al /U2 [V] -1.047177 234,0565 241.1037
Al 1jU3 [V] 15.56683 62.62088 47.05406
Al 111 [A] -0.295401 39.79955 3950415
AlLjI2 [A] -0.136471 3247018 3260665
Al 112 [A] 0397778 7.300377 6.902600
U1_tRMS_rc@POWER/o0 [V] 11.08031 220.6621 209.5718
U2_tRMS_rc@POWER/0 [V] 11.09041 2206045 209.5141
U3_tRMS_rc@POWER/0 [V] 10.85309 220.3619 209.5088

0.264768 29.54009 2927533

0281492 29.68431 29.40282
13_tRMS_rc@POWER/0 [A] 0.264855 20.21898 28.95413
P_t_rc@POWER/0 [W] T.224395 19494.00 19486.87

ALL/UL [V] AIL/U2 [V] AIL/U3 [V]

1100

1000
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2 — three phases symmetric failure

B

5 -
z
N
i
El
T
El
T
3
< g
Z i
5
S g
8|
T 8
S g
T
E
e =
s A
00:50:16 75
A B (=]
B [s] 00:50:16.054818 00:50:16.142081 0.087263
Al 1jU1 V] 123.7884 299.1262 175.3378
Al1/U2 [V] -309.3846 -T0.61387 238.7707
Al1/U3 V] 186.8274 -337.1545 -413.9819
A1 [A] 16.80236 4093261 2413025
A 112 [A] -41.99400 -0.577466 3241654
A 112 [A] 25.15803 -31.38700 -56.54503
Ui tRMS_rc@POWER/0 [V] 220,9858 220.8755 -0.110367
U2_tRMS_rc@POWER/0 [V] 220.1017 230.3515 0.249832
U3_tRMS_rc@POWER/D [V] 220.7296 220.5771 -0.152496
30.23308 3022354 -9.541e 3
30.02185 30.06700 0.045149
12_tRMS_rc@POWER/0 [A] 30.09266 30.08811 -4.55Te-3
P_t_rc@POWER/0 [W] 19929.73 19936.10 6373047
5
z
]
E
=
2
T
Z
<
2
<
<
5
E
]
=
B
N B =
00:50-16.00 EEDo0ieas [ s ] 00501675 00:50:17.00 [>]
A B (=]
B [s] 00:50:16.203172 00:50:16.503717 0.300545
Al 1jU1 V] 6364561 -0.028465 5371714
Al1/U2 [V] -187.6767 -116.8540 7082272
Al1/U3 V] 252.4753 126.7507 -175.7246
A1 [A] -11.01995 -0.375319 1064463
A 112 [A] -38.49225 0069666 3856192
A 112 [A] 49,46790 0273991 -49.19391
Ui tRMS_rc@POWER/0 [V] 219.7157 99.52203 -120.1937
U2_tRMS_rc@POWER/0 [V] 2199490 98.80247 -171.1485
U3_tRMS_rc@POWER/D [V] 2221070 98.75072 -123.3563
30.07074 0459329 2961141
30.01751 0.460971 -29.55654
12_tRMS_rc@POWER/0 [A] 30.29802 0445862 -20.85215
P_t_rc@POWER/0 [W] 19937.15 6831673 -19868.83

TRF No. NBR 16149/ 16150A TRF originator: TUV Rheinland Group




www.tuv.com

Folha 52 de 83

A TUVRheinland®

Relatério n°; 50332538 001

]

H

I

=

=

2

%

Z

<

i

=

<

H

3

3

=

4

§ g e : o

00:50-16.00 EEDo0ieas 00:5016.50 00501675 00:50:17.00 [>]
A B (=15}

Rl =] 00:50:16.203172 00:50:16.352148 0.148976

Al1jU1 V] -63.64561 -86.23314 -22.58754

Al 1jU2 V] -187.676T -52.11044 135.5662

Al1jU3 V] 2524753 138.6373 -113.8380

AL1/11 [A] -11.01995 -0.624323 10.39562

Al1/12 [A] -38.49225 0.200367 38.60262

N 1/12 [A] 49.46790 0.388861 -49,07904

Ui tRMS_rc@POWER/0 [V] 219.7157 99.04136 -120.6T44

U2_tRMS_rc@POWER/0 [V] 219.8480 9892649 -171.0225

U3_tRMS_rc@POWER/0 [V] 222.1070 99.08982 -123.0072
30.07074 0.446665 -29.62407
30.01751 0.447500 -29,57001

12_tRMS_rc@POWER/0 [A] 30.29802 0436513 -29.86150

P_t_rc@POWER/0 W] 19837.15 5068262 _10877.87

o8] ALV ALV ALLV]

U] Ue] U] AlA] Al.A] AL,

P...] 13..4]

00:50:16 25

00501675
A B (=]

B [s] 00:50:16.504339 00:50:16.661889 0.157550
Al 1jU1 V] 3886271 3854347 -0.319242
Al1/U2 [V] -217.4020 248.2288 4656308
Al1/U3 V] 178.4306 -288.1279 -466.5585
A1 [A] 1734924 4.315567 £.050492
A 112 [A] 4653263 3445401 29.80075
A 112 [A] 2966213 -38.78885 -35.82263
Ui tRMS_rc@POWER/0 [V] 99.52203 2204276 120.9056
U2_tRMS_rc@POWER/0 [V] 08.80247 220.6018 171.7993
U3_tRMS_rc@POWER/D [V] 98.75072 220.7923 122.0416

0459329 2057263 2911330

0.460971 29.66530 2930433
12_tRMS_rc@POWER/0 [A] 0445862 29.23257 28.T86TL
P_t_rc@POWER/0 [W] 68.31673 19504.06 19435.75
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ALLJUL[V] AILjUZ [V] A11JUZ [V]

1100

1000

.A] ALV ALLV] ALY

Vo] Ue] U] Al.A] AlA] AL

T
4 4
d gl s =
T A vendiaad 0104:10.700 D1:04:10.800 01:04:10.500 01:04:11.000 01:04:11.100 oros 1l
A B (=15}
Rl =] 01:04:10.5645929 01:04:10.6251519 0.0605580
Al1jU1 V] 222.0888 -310.6981 -532.7869
Al 1jU2 V] -300.8228 134.4993 4353221
Al1jU3 V] T7.61860 176.9250 99.30635
AL1/11 [A] 30.77069 -42.30299 -73.07368
Al1/12 [A] -40,74507 18.01157 58.75664
N 1/12 [A] 9.920884 24.27101 14.35013
U1_tRMS_rc@POWER/0 [V] 2204141 2207692 0355118
U2_tRMS_rc@POWER/o0 [V] 2907488 2204438 0303040
U3_tRMS_rc@POWER/0 [V] 2204651 220.4058 -0.053250
30.20288 30.24925 0.046368
30.13653 30.08574 -0.040734
12_tRMS_rc@POWER/0 [A] 30.10620 30.097T66 -8.541e-3
P_t_rc@POWER/0 W] 1084551 1904469 0820313
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H i
E
>:
: 4
T A
E— ]
T .
: A
]
E
s
=]
5
]
d
0L:04:10.600 _ 0L:04:10.700 01:04:10.800 = 01:04:10.900 01:04:11.000 0L04:11.100
A B A&
BiE [s] 01:04:10.6610880 01:04:10.8616780 0.2005899
A 1jU1 V] -156.3683 -92.96823 6340003
Al 1/U2 [V] -156.7216 -173.0065 -16.28404
A 1/U3 V] 3122001 15.26213 -296.94T0
Al 111 [A] -21.39478 -1.160288 2023449
Al 112 [A] -21.50254 1067448 22.56909
AlL1/12 [A] 42.84449 D.021791 -42.82270
U1_tRMS_rc@POWER/D [V] 220.3647 1913916 2897305
U2 tRMS_rc@POWER/0 [V] 219.8761 1912821 -28.59407
U3_tRMS_rc@POWER/0 [V] 2313707 10.99112 -210.3795
30.19158 0.987947 -29.20363
30.01273 0.782935 2922979
12_tRMS_rc@POWER/O [A] 30.23466 0.292602 -29,94206
P_t rc@POWER/0O [W] 1994371 46,80537 -19896.82
=
2
3
z
=
E
g
:
T
:
<
]
s
5
2
T
]
01:04:10.300 01:04:10.900 01:04:11.000 01:04:11.100
A B 1]
i [s] 01:04:10.6610880 01:04:10.7569176 0.0058296
Al1/U1 V] -156.3683 -230.3068 -74.02850
Al 1/U2 [V] -156.7216 2386866 395.4082
Al1jU3 V] 312.2001 -0.227928 -312.4371
Al1/11[A] 2139478 0628042 22.02282
A 112 [A] -21.50254 -0.282335 2122021
Al 112 [A] 43.84449 -0.162506 -43.00699
U1_tRMS_rc@POWER/D [V] 2203647 191.4666 -28.89807
U2_tRMS_rc@POWER/D [V] 219.8761 191.5732 -28.30292
U3_tRMS_rc@POWER/0 [V] 2213707 10.953%2 210.4167
30.19158 0.938463 -29.25312
30.01273 1704149 -28.80858
13_tRMS_rc@POWER/0 [A] 30.23466 0.379730 -29.85493
P_t_rc@POWER/0 [W] 1994371 -137.8705 -20081.58
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Uil Uen] Unwa] ALA] AleciB] AlA] ALV ALLY] ALY

5

)

I R ORISR N AONETEISEIERRIRSRN! 0! SESRN: i

0L:04:10.600 0L:04:10.700 01:04:10.800 01:04:10.900 01:04:. 0L04:11.100 01:04: 1.10
A B A&

BiE [s] 01:04:10.8620633 01:04:11.0151251 0.1530611

A 1jU1 V] 5411601 260.5372 314.6532

Al 1/U2 [V] -202.2662 -278.2407 7597447

A 1/U3 V] 14.89435 1655603 1B61TTE

Al 111 [A] -1.502800 3664761 3815041

Al 112 [A] 1185703 3777914 -38.06485

AlL1/12 [A] 0.216198 1116705 0.900507

U1_tRMS_rc@POWER/D [V] 1912701 220.5588 2928877

U2 tRMS_rc@POWER/0 [V] 1914020 2307232 2932016

U3_tRMS_rc@POWER/0 [V] 10.99471 20,3636 200.3689
0.985417 2058011 2858469
0.784201 20.45079 2867509

13_tRMS_rc@POWER/0 [A] 0290159 2042607 29.13501

P_t_rc@POWER/0 [W] 46.02384 1950171 19455.68

ALL/UL[V] AIjUZ [V] AUz [V]

1100

1000
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4 — not symmetric two phases failure (A-B)
z
5
E
=
2
T
Z
T
2
<
<
5
E
=2
5
4
d
B [s] 01:17:32.0773011 01:17:32.1810073 0.1037062
Al 1jU1 V] -288.1372 -167.2709 120.8663
Al1jU2 V] 247.7503 -145.7236 -393.4739
Al1/U3 V] 41.07356 311.6520 2705784
A1 [A] -39.15487 228117 1627770
A 112 [A] 34.24040 -19.87682 5412622
A 112 [A] 4.873658 42.70883 37.83517
U1 tRMS rc@POWER/D [V] 2305743 220.8090 0.233665
U2_tRMS_rc@POWER/0 [V] 2302336 2308497 0.616104
U3_tRMS_rc@POWER/D [V] 2710274 220.1548 -0.872604
30.18144 3022219 0.040752
30.05442 30.13692 0.082506
12_tRMS_rc@POWER/0 [A] 30.16070 30.04510 -0.115599
P_t_rc@POWER/0 [W] 19940.97 19942.04 1070313
5
E
]
2
2
z
T
2
<
z
T
<
E
S S e R T R T Tt Mttt S S ST S
[ DORSEaR! SRSESORRSRERRN i SNSRI MRS o SIS Y Pt ARSEIS MRS ESERR MRS RIREIREPUREY DOREEORI R
5
]
d
0L:17:32.100 EERR tima ] D1:17:32.300 01:17:32.400 OL:L?:Ea 0L:17:32.600 DL:17:32.700 01:17:32.800 [}
A B A&
BiE [s] 01:17:32.2166067 01:17:32.5177645 0.3011578
A 1jU1 V] 7313633 1881130 114.9767
Al 1jU2 V] -269.0551 -309.0232 -39.96802
A 1/U3 V] 96.34185 1203135 23.97061
Al 111 [A] 12.18796 -1.243401 -13.43136
Al 112 [A] -38.38315 -0.693178 37.68907
AlL1/12 [A] 26.09286 1.805632 2418723
U1_tRMS_rc@POWER/D [V] 2199454 198.3502 2159521
U2 tRMS_rc@POWER/0 [V] 230.2959 2014285 -18.86732
U3_tRMS_rc@POWER/0 [V] 218.1125 109.2631 -108.3494
30.10257 0.576934 -20.22564
30.38512 0.885727 2949939
13_tRMS_rc@POWER/0 [A] 30.58999 0615360 2097463
P_t_rc@POWER/0 [W] 19937.40 4453795 -19892.88
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5
E
>:
2
3
z
<
2
.
i:
T
<
E
s
=]
5
]
d -
2300 (BAD) oLin [ ]
A B A&
BiE [s] 01:17:32.2166067 01:17:32.3559123 0.1393056
A 1jU1 V] 7313633 170.6355 97.49914
Al 1/U2 [V] -269.0551 1065514 3756066
A 1/U3 V] 96.34185 -138.6821 -235.0240
Al 111 [A] 12.18796 1134682 -11.05328
Al 112 [A] -38.38315 -1.326180 37.05697
AlL1/12 [A] 26.09286 0.138903 -25.95396
U1_tRMS_rc@POWER/jO [V] 219.9454 198.1233 -21.82205
Uz tRMS rc@POWERjO [V] 220.2059 1983587 -21.83716
U3_tRMS_rc@POWER/0 [V] 218.1125 9883081 -118.9727
30.10257 0877425 2922515
30.38512 0.836714 2954841
12_tRMS_rc@POWER/O [A] 30.58999 0274379 -30.31561
P_t_rc@POWER/0 [W] 19937.40 -30.51711 -19967.92
=
2
]
z
=
E
g
:
T
:
<
]
s
5
2
z
]
0L:17:32.100 01:17:32.200 0L:17:32.300 0L17:32.400 0L:17:32.500 0L:17:32.600 S x50 ] 0L17:32.500 [ ]
A B 1]
i [s] 01:17:32.5467529 01:17:32.7086051 0.1618522
Al1/U1 V] -250.0027 -118.7506 140.2521
Al 1/U2 [V] -20.18571 3104863 330.6720
Al1jU3 V] 278.9326 -192.7025 4716351
Al1/11[A] -D.602654 -16.59618 -15.90352
A 112 [A] 1106119 4431272 4320660
Al 112 [A] -D.442505 -37.75603 2731352
U1_tRMS_rc@POWER/D [V] 2197897 220.3652 0575516
U2_tRMS_rc@POWER/D [V] 220.4559 2206573 0.201401
U3_tRMS_rc@POWER/0 [V] 219.8451 220.7365 0.891434
0.730001 3010812 2931312
0.843191 3026480 29.42161
13_tRMS_rc@POWER/0 [A] 1012794 3027959 29.76680
P_t_rc@POWER/0 [W] 8T7.09467 19990.56 19903.47
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ALL/UL[V] AILju2 [V] A11/Uz2 [V]

B e i e e il R

B e e e e e R AR

8

8

8

E

B

Uil Uen] Unwa] ALA] AleciB] AlA] ALV ALLY] ALY

Pl 12..A]

BiE [s] 01:11:05.2663044 01:11:05.3383085 0.0720041
A 1jU1 V] 282.8496 -2.243281 -285.0028
Al 1/U2 [V] -254.7925 270.8948 5256872
A 1/U3 V] -28.65124 2697711 2411199
Al 111 [A] 38.55677 -0.955105 -39.51187
Al 112 [A] -34.99060 37.32887 72.31956
Al1/13 [A] -3.592634 -36.41572 -32.82309
U1_tRMS_rc@POWER/jO [V] 2205449 220,2988 -0.246140
Uz tRMS rc@POWERjO [V] 220.7032 20,5507 -0.152420
U2_tRMS_rc@POWER/D [V] 230.3802 220.7607 0.380463

30.17586 3021204 0.037077

30.08830 3011738 0.029076
12_tRMS_rc@POWER/O [A] 30.04200 30.14359 0.101589
P_t_rc@POWER/0 [W] 19914.70 1995112 3641797
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A TUVRheinland®

Relatério n°; 50332538 001

o8] ALV ALV ALLV]

U] Ue] U] AlA] Al.A] AL,

P...] 13..4]

5. 700

A B (=]
B [s] 01:11:05.3962854 01:11:05.5961300 0.1998446
Al 1/UL [V] -24.19758 -3.747940 2044964
Al1/U2 [V] -223.5222 -194.9535 2856875
Al 1/U3 [V] 272.7256 260.2204 -12.49623
Al 111 [A] -7.431698 0.038528 7.470227
A 1/12 [A] -35.64T73 0.141239 35.78897
Al1/13 [A] 43.02173 -0.014210 -43.03594
U1 tRMS_rc@POWER/o0 [V] 219,0717 11.10165 -207.9700
U2_tRMS_rc@POWER/0 [V] 210.8394 191.8082 -28.03116
U3_tRMS_rc@POWER/0 [V] 222.6642 188.9164 -33.74783
3001329 0.308561 -29.70473
30.00385 1.018090 -28.98577
12_tRMS_rc@POWER/0 [A] 30.38033 0.805279 -29.58406
P_t_rc@POWER/0 [W] 19936.04 60.45778 -10875.59
B
E
5
E
B
z
T Iy
El
T gf
2
=
i)
< §
ER I
H
T 8
El
a
< R
S og:
T i
g 8
)
-
< gl
01:11:05.300 [ 5a T [ 7coe B 01:11:05.600 OL1L:05.700 OL:15:05.500 011105500 [ ]
A B A&
BiE [s] 01:11:05.3962854 01:11:05.4914495 0.0951641
Al 1/U1 [V] -24.19758 -14.23931 9.958268
Al 1/U2 [V] -223.5222 222.6634 446.1856
A 1/U3 [V] 272.7256 2226830 -250.4573
Al1/11[A] -7.431698 -0.281477 7.150221
Al 1/12 [A] -35.64T73 0.938034 3658576
Al1/13 [A] 43.02173 -0.791216 -43.81295
U1_tRMS_rc@POWER/0 [V] 219.0717 10.95064 -208.1211
U2_tRMS_rc@POWER/o0 [V] 219,8394 1916243 -28.21512
U3_tRMS_rc@POWER/0 [V] 222.6642 1913181 -31.34510
30.01329 0.426897 -29.58639
30.00385 0.965128 -29.03873
13_tRMS_rc@POWER/O [A] 30.38933 1231564 -29.1577T
P_t_rc@POWER/0 [W] 19936.04 -132.5289 -20068.57
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A TUVRheinland®
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VAVA AVAVIAVATAVAVAVAYLY

Uil Uen] Unwa] ALA] AleciB] AlA] ALV ALLY] ALY

Pl 12..A]

B418 [s]

Al1/U1 V]
Al1/U2 V]
Al1/U3 V]
Al1/11[A]
Al1/i2[A]
Al1/12 [A]
U1_tRMS_rc@POWER/0 [V]
U2_tRMS_rc@POWER/o0 [V]
U2_tRMS_rc@POWER/0 [V]

13_tRMS_rc@POWER/0 [A]
P_t_rc@POWER/0 [W]

01:11:05.5968620

1.574040
-237.3700
239.0547
-0.117016
0.285101
0.017738
10.96525
191.5286
191.5899
0.303640
1.003440
0.7933%4
5T.08624

29.61717
28.14645
28.93480
19514.78

ALL/UL[V] AIjUZ [V] AUz [V]

100 - - -

000 - - -

e

B I e R e B e B e e

e

e I e R e B e e e )

e -
01:11:05.370 01:11:05.380 01:11:05.390 0L:11:05.400 0L:11:05.410 0L:11:05.420 01:11:05.430 01:11:05.440 oLl D
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6 — not symmetric two phases failure (C-B)

[ SORSEN] bbae = - = - X > |

A B z]5

BBl 5] 0:30.9997946 0:31.0507930 0.0509384
Al1JUL V) -301.5502 -309.7868 -8.236647
AUz V] 219,0375 1213043 91.73327
Al1/U3[V) 83.64511 1885367 104.8015
A1 [A] -41.13636 ~42.00686 -0.960493
Al1/12 [A] 3012762 16.10689 1402073
Al1/13 [A] 10.96244 2597385 1501141
U1_tRMS_rc@POWER/0 [V] 207918 208124 0.020599
U2_tRMS_rc@POWER/0 [V] 2205734 204133 -0.160141
U3_tRMS_rc@POWER/0 [V] 203521 2005991 0247009

3024522 3023385 -0.011364

3010255 3006570 -0.036848
13_tRMS_rc@POWER/0 [A] 30.07633 3008334 761263
P_t_rc@POWER/0 [W] 19943.45 1993777 -5.679638

vl v v A A A Al A A

g
0:31.000 .100 0:31.300 400 0:31.500 0:31.600 0:31.700 l)
A B HRE
B [s] 0:31.0890112 0:31.3879372 0.2980261
Al1fU1 V] 57.06266 8241654 -66.20431
Al1/U2 [V] -278.2855 2341092 2417634
Al1/U3 V] 1706689 2512018 8062252
Alfi1[A] 20.18566 0233555 2041922
Alfi2 [A] 4341121 0152779 43.25843
Alfi3 4] 2330737 0.418615 -72.88876
U1_tRMS_rc@POWERY0 [V] 2201414 99.46817 -120.6733
U2_tRMS_rc@POWER/0 [V] 217.8640 197.7361 20,1278
U3_tRMS_rc@POWERY0 [V] 2188884 1973521 2153625
3020703 0.356282 -20.85075
30.30566 0.532880 -29.41278
13_tRMS_rc@POWER/0 [4] 30.18547 0711147 2947432
P_t_rc@POWER/0 [W] 19830.68 6327806 1977640
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0:31.000

A B [z]5}
B ] (:31,0890112 0:31.2281664 0.1391552
AU V) 57.96266 TB.65310 20,6904
AjU2[V) 2782855 122.2038 4004834
A1ju3 V) 1706689 -279.3443 -450.0132
A1iLA] 20.18566 0.466347 -19.71032
A2 [A] 4341121 1011992 2239922
A3 [A] 2330737 0.400412 22,8979
U1_tRMS_rc@POWER/0 [V] 2201414 98.97019 1201713
U2_tRMS_rc@POWER/0 [V] 2178640 197.8003 -19.96474
U3_tRMS_rc@POWER/0 [V] 218.8884 198.2256 2066273
30.20703 0.270560 2093647
30.30566 0903002 2040065
13_tRMS_rc@POWERJ0 [A] 30.18547 0.808074 2037739
P_t_rc@POWER/0 [W) 19839.68 2625991 -19865.94
<
<
<
<
<
<
H
H
4
0:31.000 0:31.100 0:31.200 0:31.200 ﬁ‘ﬂ] o 0:31.600 0:31.700
A B [z
i 5] 0:31.3673646 0:31.5053316 01170670
Al1jU1[V) -37.23884 80.02592 117.2648
Al U2 [V] -196,6443 -300.1888 -103.5445
Al1jU3 V) 2713747 222.1089 -49.26586
AlfiL[A] -0.399733 9.812830 1021261
Az A 0415516 -40.12208 -40.53760
A1z [A] 0.050783 30.28236 30.23157
U1_tRMS_rc@POWER/0 [V] 99.26394 2204119 121.1479
U2_tRMS_rc@POWER/0 [V] 1984662 2205879 2212167
U3_tRMS_rc@POWER/0 [V] 197.0128 220,6131 23.60036
0.358685 2083077 2047208
0.386601 2048534 28.50874
13_tRMS_rc@POWER/0 [A] 0.711980 275916 20.04718
P_t_rc@POWER/0 [W] 69.54183 19639.38 19569.84
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AILJUL[V] A1jUZ [V] A1LJU3 V]

L R R DR R R R e R RS

031075 031100 03125 031150 031175 031200 )

Uil Uen] Unwa] ALA] AleciB] AlA] ALV ALLY] ALY

5

]

4 T LI e

T B B 01:05:15.600 01:05:15.700 01:05:15.500 01:05:15.500 orosie000 L)
A B AR

BiE [s] 01:09:15.4419208 01:09:15.4881537 0.0462329

A 1jU1 V] 7872129 -288.5416 -367.2629

Al 1/U2 [V] -299.9783 4065180 340.6301

A 1/U3 V] 2329061 2466880 2378273

Al 111 [A] 10.28600 -39.25472 -49.54081

Al 112 [A] -40.87825 4756075 4563523

AlL1/12 [A] 30.55711 34.45392 3.896809

U1_tRMS_rc@POWER/D [V] 2203774 220.7885 0.411102

Uz tRMS rc@POWERjO [V] 220.7073 2203635 -0.343781

Uz_tRMS_rc@POWERJo0 [V] 2205038 2205281 _0.065643
30.15869 3022089 0.071203
30.10565 30.07403 -0.031624

12_tRMS_rc@POWER/O [A] 30.09840 30.10847 0.010078

P_t rc@POWER/0O [W] 19028.82 19939.83 11.01367
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A TUVRheinland®

Relatério n°; 50332538 001

]

H

I

=

=

2

%

Z

<

i

=

<

H

3

3

=

9

D% B B

[BETREET % 5 ] 01:09:15.600 [IETRTRY 3 756 ] 01:08:15.800 0103:15.500 010316000 L
A B (=15}

Rl =] 01:09:15.5244528 01:09:15.7237469 0.1992941

Al1jU1 V] -21.19446 -100.1897 -78.99523

Al 1jU2 V] -64.19468 -9.302617 54.80207

Al1jU3 V] 255.7407 268.0626 1232105

AL1/11 [A] 2.180386 -0.997067 -3.177452

Al1/12 [A] -51.43428 -0.428057 5100622

N 1/12 [A] 48.73300 1214838 -47.51816

Ui tRMS_rc@POWER/0 [V] 219,9628 191.6888 -28.27396

U2_tRMS_rc@POWER/0 [V] 220.3024 10.98018 2003222

U3_tRMS_rc@POWER/0 [V] 2213794 191.1234 -30.25508
30.13338 0.778301 -29,35508
30.09806 0.288917 -29,80915

12_tRMS_rc@POWER/0 [A] 30.22546 0.992283 -20.23318

P_t_rc@POWER/0 [W] 19948.40 47.43417 -19900.97

5
z
z
=
5 i
2 -
=T
2 i
T -
2
T |
<
< 8
El:{

g
< K
EE

H
T 8
3
T
g 8
= -
d g S

[BETREET % 5 ] [CETREY 3 76 01.03:15.700 01:08:15.800 0103:15.500 010316000 L
A B (=15}
Rl =] 01:09:15.5244528 01:09:15.6200404 0.0855876
Al 1jU1 V] 2119446 -264.9803 -243.7859
Al 1jU2 V] -64.19468 10.61511 74.80979
Al1/U3 [V] 255.7407 8559371 -170.14T0
Al111 [A] 2.180386 1713228 -0.467157
Al1/12 [A] -51.43428 -0.759316 50.6749T
A 1/12 [A] 48,73300 -1.163244 -49.89624
U1 tRMS_rc@POWER/D [V] 219.9628 1915731 -28.38969
U2_tRMS_rc@POWER/D [V] 220.3024 10.96856 -200.3338
U3_tRMS_rc@POWER/D [V] 2713794 191.3477 -30.03165
30.13338 1211968 -28.92142
30.09806 0.355680 -20.74238

12_tRMS_rc@POWER/0 [A] 30.22546 1008604 -29.21686
P_t_rc@POWER/0 [W] 19948.40 -121.4807 ~20069.90
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A TUV
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o8] ALV ALV ALLV]

U] Ue] U] AlA] Al.A] AL,

=
4
o
01:09:15.500 01:09:15.600 010315 Ty 01:08:15.800 ED omstsw
A B (=15}
Rl =] 01:09:15.7247028 01:09:15.8608243 0.1361216
Al1jU1 V] -8.928538 2717605 2806890
Al 1jU2 V] -30.45550 -269.0380 2385824
Al1jU3 V] 239.1956 -3.885031 243.0806
AL1/11 [A] -1.03969 37.29663 38.33633
Al1/12 [A] 1031876 -36.13477 -37.16665
N 1/12 [A] 0.262404 -1.227331 -1.489735
Ui tRMS_rc@POWER/0 [V] 191.7998 220.6696 28.86078
U2_tRMS_rc@POWER/0 [V] 11.01461 20,6792 209.6646
U3_tRMS_rc@POWER/0 [V] 191.3214 220.3250 29.00360
0.773968 29.93762 29.16366
0.288333 29.61129 29.3229
12_tRMS_rc@POWER/0 [A] 0988174 29.32854 2834036
P_t_rc@POWER/0 [W] 47.13462 1959113 19543.99

1100

1000

01:09:15.500

01:02:15.525

01:03:15.550

0L:09:15.575
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A TUVRheinland®
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8 — not symmetric two phases failure (A-C)

A] A AL ALD Al

e] Aa]

U] U U

B [s]

Al 1/U1 V]

Al 1/U2 [V]

Al1jUa V]

AL1/11[A]

Al 1/12 [A]

Al 1/12 [A]

U1 tRMS_rc@POWER/0 [V]
U2_tRMS_rc@POWERYo0 [V]
U3_tRMS_rc@POWER/0 [V]

12_tRMS_rc@POWER/o0 [A]
P_t_rc@POWER/0 [W]

2.818537

220.7210
2204473
30.19214
30.09999
30.06998
1993220

159.8320
-213.6200
6.846476
21.61899
-28A4TATL
-0.408524
-0.160553
0.545212
-0.038124
-4.755e-3
0.079311
7.210038

B [s]

Al 1/U1 V]

Al 1/U2 [V]

Al1jUa V]

AL1/11[A]

Al 1/12 [A]

Al 1/12 [A]

U1 tRMS_rc@POWER/0 [V]
U2_tRMS_rc@POWERYo0 [V]
U3_tRMS_rc@POWER/0 [V]

12_tRMS_rc@POWER/o0 [A]
P_t_rc@POWER/0 [W]

T:23.3902004

-173.5160
-138.5632
311.1305
-23.85516
-18.84527
42.65299
220.4860
219.8456
2214346
30.18570
29.98917
30.20278
19934.86

B
T:23.6919783

-T3.32874
-98.42086
70,6397
-1.099205
-0.130701
1112986
198.3300
99.02286
1976666
0.739955
0419300
0.896550
1499405

(=]
0.3010779
100.1873
40.14230
-40.49087
22.75596
18.71457
-41.54001
-22.15605
-120.8228
-23.76797
-29.44575
-29.56936
-29.30622
-19784.92
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750 A

B4 [s]

AL1/U V]

Al1/U2 V]

Al1/U3 V]

Al1/I1[A]

Al1/12 [A]

Al1/12 [A]
U1_tRMS_rc@POWER/0 [V]
U2_tRMS_rc@POWER/o [V]
Uz_tRMS_rc@POWER/0 [V]

13_tRMS_rc@POWER/0 [A]
P_t_rc@POWER/0 [W]

A
T:23.3909004

-173.5160
-138.5632
311.1305
-23.85516
-18.84527
42.65299
220.4860
219.8456
2214346
30.18570
29.88917
30.20278
19934.86

-29.40169

-29.31497
-19932.86

A [s]

AU V]

Al 1/U2 [V]

Al 1/U3 [V]

Al 1/11 [A]

Al 1/12 [A]

Al 1/12 [A]
U1_tRMS_rc@POWER/0 [V]
U2_tRMS_rc@POWER/O [V]
U3_tRMS_rc@POWER/0 [V]

13_tRMS_rc@POWER/0 [A]
P_t_rc@POWER/0 [W]

T7:23.8083238

-46.95010
-241.7963
2911220
-5.2T9017
-32.86576
38.10387
2204044
2205115
2208150
29.50897

29.18792
19440.07

0.1157341

-88.97901
-32.93705
60.0T147
-3.029585
-35.95014
38.70974
21.98000
1215593
22.88989
2877242
29.03658
28.29695
1929145
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723375 7:23.400 7:23435 7:23.450 7:23475 7235
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. TABELA 15: Protecdo contra ilhamento S
TABLE 15: Islanding Protection
Modelo:
oo R5-20K-T2
Condicdo A: 100% de poténcia nominal
Condition A: 100% of rated power
condicbes IS D L Limite
. Pw[W] QL[VA] Qc[VA] Qs viagem [ms] .
Conditions Trip time Limit [ms]
L1: 6170 | L1. 7520 | L1. 6710 1.15
PR 90% 56100 | L2 7540 | L2: 6740 1.15 1160 2000
Po: 110% : ' ' :
L3 6130 | L3: 7540 | L3: 6640 1.15
L1: 6120 | L1. 7160 | L1. 6710 113
Pr:90% 56170 | L2 7100 | L2: 6740 1.13 476 2000
Po: 105% : : ' :
3. 6130 | L3: 7210 | L3: 6650 1.13
L1. 6110 | L1: 6860 | L1. 6700 111
Pro90% 576170 | L2. 6870 | L2: 6740 1.10 952 2000
Po: 100% : : : :
L3: 6110 | L3: 6860 | L3: 6640 1.10
L1: 6110 | L1. 6470 | L1. 6700 1.08
Pr: 90% : . .
: 2. 6150 | L20 6520 | L22 6730 1.08 650 2000
Pqo: 95%
L3. 6080 | L3: 6520 | L3: 6640 1.08
L1, 6080 | L1 6140 | L1. 6710 1.05
Pr: 90% . . .
: 2. 6150 | L20 6170 | L22 6740 1.05 158 2000
Pq: 90%
L3: 6110 | L3: 6170 | L3: 6650 1.05
L1: 6490 | L1. 7520 | L1. 6710 1.09
PrR95% M5 6520 | L2 7530 | L2: 6740 1.09 1018 2000
Po: 110% : ' : :
L3. 6470 | L3: 7530 | L3: 6640 1.09
L1, 6440 | L1: 6170 | L1. 6690 1.00
Pr: 95% . . .
: 2. 6460 | L2: 6180 | L2: 6730 1.00 142 2000
Pq: 90%
3. 6410 | L3: 6170 | L3: 6630 1.00
L1: 6800 | L1 7520 | L1. 6710 1.04
. 0,
Pr:100% 75 ""6g60 | L2: 7530 | L2: 6740 1.04 1372 2000
Po: 110%
L3 6790 | L3 7540 | L3: 6650 1.04
L1, 6490 | L1 7160 | L1. 6710 1.07
PRI 95% 5™ 6530 | L2: 7200 | L2 6740 1.07 1097 2000
Po: 105% : : : :
L3 6460 | L3: 7190 | L3: 6650 1.07
L1: 6470 | L1. 6860 | L1. 6700 1.05
PR 95% 56500 | L2 6910 | L2: 6740 1.05 445 2000
Po: 100% ' : ' :
L3. 6430 | L3: 6860 | L3: 6640 1.05
Pr: 95% | L1: 6460 | L1 6480 | L1. 6690 1.02 150 2000
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Po: 95% [L2: 6500] L2: 6530 | L2: 6730 1.02
3. 6410| L3: 6520 | L3: 6640 1.03
L1. 6810| L1 7160 | L1 6720 1.02

EZ; 1gg§jg L2 6810| L2 7210 | L2: 6750 1.02 622 2000
L3: 6780| L3: 7210 | L3: 6660 1.02
L1: 6780| L1 6820 | L1. 6720 1.00

ﬁg; 188‘;;; L2: 6790 L2: 6860 | L2 6740 1.00 246 2000
3. 6750| L3: 6860 | L3: 6660 1.00
L1. 6740 L1 6470 | L1, 6710 0.98

EZ; égoo/z/" L2 6790| L2: 6520 | L2: 6740 0.98 160 2000
L3: 6730 L3: 6520 | L3 6650 0.98
1. 7120| L1 7170 | L. 6710 0.97

ﬁg; 18222 L2:  7150| L2: 7200 | L2: 6740 0.97 511 2000
L3: 7100| L3: 7190 | L3: 6650 0.97
L1: 7110 L1: 6850 | L1 6710 0.95

ﬁg; 1333;;; L2: 7140| L2: 6850 | L2 6740 0.95 338 2000
L3: 7100| L3: 6850 | L3: 6650 0.95
1. 7110| L1 6470 | L1. 6700 0.93

EZ; égf/z”’ L2:  7130| L2: 6520 | L2: 6730 0.93 161 2000
L3: 7070 L3: 6520 | L3: 6640 0.93
L1. 6740 L1 6140 | L1, 6700 0.95

ﬁg; 1:3%’ L2:  6770| L2 6160 | L2 6740 0.95 160 2000
L3: 6740| L3: 6170 | L3: 6640 0.95
1. 7140| L1 7520 | L1. 6710 0.99

EZ; ﬁggﬁ; L2:  7180| L2: 7540 | L2: 6740 0.99 1063 2000
L3: 7130| L3: 7540 | L3: 6650 0.99
L1. 7070| L1 6140 | L. 6690 0.91

EZ; 1;’050%’ L2:  7100| L2 6170 | L2 6730 0.91 143 2000
L3: 7070| L3: 6170 | L3: 6640 0.91
1. 7460 L1 7520 | L1. 6710 0.86

EZ; ﬂggﬁ: L2:  7490| L2: 7540 | L2: 6740 0.87 997 2000
L3: 7420 L3: 7540 | L3: 6640 0.87
L1. 7430 L1 7160 | L. 6700 0.93

ﬁg; iégzﬁ L2:  7480| L2: 7200 | L2 6740 0.93 305 2000
L3: 7400| L3: 7200 | L3: 6650 0.93
L1: 7450| L1: 6840 | L1. 6690 0.91

EZ? igggjg L2:  7460| L2: 6860 | L2: 6730 0.91 703 2000
L3: 7380| L3: 6860 | L3: 6640 0.91

ERE 110% | LL: 7450 L1 6490 | L1. 6690 0.88 o1 2000
Q 95% L2:  7470| L2: 6510 | L2: 6730 0.89
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L3: 7370| L3: 6520 | L3: 6630 0.89
Pr: 110% | L1: 7430| L1: 6170 | L1: 6680 0.86
Pa: 90% L2:  7420| L2: 6170 | L2: 6710 0.87 152 2000
L3: 7370| L3: 6170 | L3: 6620 0.87

Condicao B: 66% de poténcia nominal
Condition B: 66% of rated power
Tof Tempo de Tt
condicbes . Limite
Conditions | " WIkWI QuLkVA] Uiyl Q viagem [Ms] | it 1ms]
Trip time
L1: 4520 |L1: 4260 |L1: 4460 0.97
Pr: 100% : : .
Po: 95% L2: 4520 |L2: 4280 |L2: 4550 0.98 172 2000
' L3: 4520 |L3: 4330 |L3: 4440 0.97
L1: 4510 |L1: 4330 |L1: 4470 0.98
Pr: 100% : : :
Po: 96% L2: 4520 |L2: 4330 |L2: 4550 0.98 178 2000
' L3: 4510 |L3: 4330 |L3: 4450 0.98
L1: 4520 |L1: 4380 |L1: 4460 0.98
Pr: 100% : : .
Po: 97% L2: 4520 |L2: 4280 |L2: 4550 0.98 210 2000
' L3: 4520 |L3: 4330 |L3: 4440 0.98
L1: 4520 |L1: 4420 |L1: 4480 0.99
- 0
ER: ;goo/) L2: 4550 |L2: 4430 |L2: 4550 0.99 286 2000
@V T3 4510 |13 4480 |L3: 4450 0.99
L1: 4530 |L1: 4450 |L1: 4490 0.99
Pr: 100% ) . .
Po: 99% L2: 4530 |L2: 4490 |L2: 4510 0.99 442 2000
' L3: 4500 |L3: 4520 |L3: 4430 0.99
L1 44 L1 451 L1 44 1.
Pr: 100% : 90 : °10 : 90 1 88
Po: 100% L2: 4520 |L2: 4520 |L2: 4510 . 696 2000
' L3: 4500 |L3: 4570 |L3: 4440 1.00
L1: 4510 |L1: 4540 |L1: 4490 1.00
Pr: 100% - - - 1.00
Po: 101% L2: 4520 |L2: 4550 L2 4510 . 278 2000
' L3: 4510 |L3: 4610 |L3: 4430 1.00
L1 452 L1 4 L1 44 1.01
Pr: 100% : 520 : 600 : 90 1 81
Po: 102% L2: 4520 |L2: 4610 |L2: 4500 . 254 2000
' L3: 4510 |L3: 4660 |L3: 4430 1.01
L1: 4520 |L1: 4640 |L1: 4500 1.01
Pr: 100% : : . 101
Po: 103% L2: 4550 |L2: 4650 |L2: 4520 . 237 2000
' L3: 4520 |L3: 4700 |L3: 4440 1.01
L1: 452 L1: 4 L1: 4 1.02
Pr: 100% ' 520 . 690 . 500 181
Po: 104% L2: 4550 |L2: 4700 |L2: 4520 . 224 2000
' L3: 4530 |L3: 4750 |L3: 4440 1.01
L1: 4520 |L1: 4720 |L1: 4490 1.02
Pr: 100% : : . 102
Po: 105% L2: 4540 |L2: 4730 |L2: 4510 . 212 2000
' L3: 4520 |L3: 4790 |L3: 4430 1.02
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Condicéo C: 33%de poténcia nominal
Condition C: 33% of rated power
e Tempo de et
condi¢bes . Limite
Conditions Pw kW] Qu[kVA] Uiyl Q viagem [ms] | ;i [ms]
Trip time
Pr: 100% Llf 2170 Llf 2130 Ll:. 2120 0.98
Po: 95% L2: 2260 |L2: 2170 (L2 2240 0.98 165 2000
' L3: 2240 |L3: 2160 |[L3: 2220 0.98
L1 2150 |L1: 2160 |L1: 2110 0.99
. 0,
ER: ;g?//o L2: 2260 |L2: 2200 |L2: 2240 0.98 189 2000
< ° L3: 2240 |[L3: 2200 |L3: 2220 0.98
Pr: 100% Llf 2150 Llf 2170 Ll:. 2110 0.99
Po: 97% L2: 2260 |L2: 2230 (L2 2240 0.99 222 2000
' L3: 2240 |L3: 2210 |(L3: 2220 0.99
Pr: 100% Llf 2150 Llf 2200 Ll:. 2110 1.00
Po: 98% L2: 2260 |L2: 2240 |L2: 2240 0.99 310 2000
' L3: 2240 |[L3: 2220 |L3: 2220 0.99
L1 2160 |L1: 2220 |[L1: 2110 1.00
. 0,
ER: ;(9)00//0 L2: 2260 |L2: 2250 |[L2: 2240 1.00 400 2000
e ° L3: 2240 |L3: 2250 |[L3: 2220 1.00
L1 2230 |L1: 2240 |L1: 2200 1.00
. 0,
ER: 188;) L2: 2260 |[L2: 2280 |L2: 2240 1.00 962 2000
< ° L3: 2240 |[L3: 2270 |L3: 2220 1.00
Pr: 100% Llf 2230 Llf 2260 Ll:. 2200 1.00
Po: 101% L2: 2260 |L2: 2300 |(L2: 2240 .00 472 2000
' L3: 2240 |L3: 2280 |[L3: 2220 1.00
L1 2240 |L1: 2290 (L1: 2220 1.01
- 0
ER: igg;’ L2: 2260 |L2: 2310 |(L2: 2240 1.00 324 2000
< ° L3: 2240 |[L3: 2300 |L3: 2220 1.01
L1: 2180 |L1: 2300 (L1: 2130 1.01
- 0
ER: 182(;0 L2: 2260 |L2: 2340 |(L2: 2240 1.01 219 2000
e ° L3: 2240 |L3: 2330 (L3: 2210 1.01
L1: 2190 [L1: 2320 |L1: 2120 1.01
. 0,
ER: igg;’ L2: 2260 |[L2: 2360 |L2: 2240 1.01 192 2000
< 0 L3: 2240 |[L3: 2240 |L3: 2210 1.01
L1: 2190 |LI1: 2350 (L1: 2120 1.02
. 0,
ER: igg;o L2: 2260 |L2: 2390 |(L2: 2240 1.02 167 2000
e ° L3: 2250 |L3: 2380 (L3: 2210 1.02
Obsenvacao:
Remark:
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Apéndice | Fotos
Appendix | Photos

Figura 1. Vista frontal do R5-13K-T2 e R5-15K-T2
Figure 1. Front view of R5-13K-T2 and R5-15K-T2

Figura 2. Vista em painel de conectores de R5-13K-T2 e R5-15K-T2
Figure 2. Connector panel view of R5-13K-T2 and R5-15K-T2
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Figura 3. Vista superior do R5-13K-T2 e R5-15K-T2
Figure 3. Top view of R5-13K-T2 and R5-15K-T2

Figura 4. Vista esquerda do R5-13K-T2 e R5-15K-T2
Figure 4. Left view of R5-13K-T2 and R5-15K-T2
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Figura 5. Vista direita do R5-13K-T2 e R5-15K-T2
Figure 5. Right view of R5-13K-T2 and R5-15K-T2
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Figura 6. Vista interna para R5-13K-T2, R5-15K-T2

Figure 6. Internal view for R5-13K-T2, R5-15K-T2
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Figra 7. Vista frontal da placa de entrada / saida para R5-13K-T2, R5-15K-T2
Figure 7. Front view of the input/output board for R5-13K-T2, R5-15K-T2

SHEZ L68LY!

-

9¢bEZLB6RLY

i 9123’456789@123456789[’*}1234567891(\1\2

aagy <A
Figura 8. Vlsta traseira da placa de entrada / saida para R5-13K-T2, R5- 15K T2
Figure 8. Back view of the input/output board for R5-13K-T2, R5-15K-T2
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Figura 9. Vista frontal da placa de alimentac&o principal para R5-13K-T2, R5-15K-T2
Figure 9. Front view of the main power board for R5-13K-T2, R5-15K-T2
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Figura 10. Vista traseira da placa de alimentac¢ao principal para R5-13K-T2, R5-15K-T2
Figure 10. Back view of the main power board for R5-13K-T2, R5-15K-T2
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Figura 11. Vista frontal do R5-17K-T2 e R5-20K-T2
Figure 11. Front view of R5-17K-T2 and R5-20K-T2

Figura 12. Vista em painel de conectores de R5-17K-T2 e R5-20K-T2
Figure 12. Connector panel view of R5-17K-T2 and R5-20K-T2
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Figura 13. Vista superior do R5-17K-T2 e R5-20K-T2
Figure 13. Top view of R5-17K-T2 and R5-20K-T2

Figura 14. Vista esquerda do R5-17K-T2 e R5-20K-T2
Figure 14. Left view of R5-17K-T2 and R5-20K-T2
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Figura 15. Vista direita do R5-17K-T2 e R5-20K-T2
Figure 15. Right view of R5-17K-T2 and R5-20K-T2
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Flgura 16. Vista interna para R5- 17K T2 R5 20K T2
Figure 16. Internal view for R5-17K-T2, R5-20K-T2
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Flgura 17. Vista frontal da placa de entrada / saida para R5-17K-T2, R5-20K-T2
Figure 17. Front view of the input/output board for R5-17K-T2, R5-20K-T2
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Figura 18. Vista traselra da pIaca de entrada/ saida para R5- 17K T2 R5-20K-T2
Figure 18. Back view of the input/output board for R5-17K-T2, R5-20K-T2
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Figura 19. Vista frontal da placa de alimentac&o principal para R5-17K T2 R5 20K-T2
Figure 19. Front view of the main power board for R5-17K-T2, R5-20K-T2
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Figura 20. Vista traseira da placa de alimentagao principal para R5-17K-T2, R5-20K-T2
Figure 20. Back view of the main power board for R5-17K-T2, R5-20K-T2
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Figura 21. Vista frontal do painel de controle
Figure 21. Front view of the control board
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Flgura 22. Vista traseira do painel de controle
Figure 22. Back view of the control board

-Fim do relatério de ensaio-
-End of test report-
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