ENSAIOS PARA ESTACOES DE RECARGA

1. DESCRICAO DA ESTACAO EM TESTE

Tensao de entrada: 220 V

Modo de recarga: Modo 3 Corrente nominal: 32 A

Poténcia de saida: 22 kW

Conector: Tipo 2 Data: 23/01/2026

Versao do documento: 1.0

2. DESCRICAO DO LOCAL DE EXECUCAO DOS ENSAIOS

Universidade Universidade Federal de Santa Maria (UFSM)
Unidade de desenvolvimento Instituto de Energia e Mobilidade (IEM)

Grupo de pesquisa Grupo de Eletrénica de Poténcia e Controle (GEPOC)
Laboratdrio de execucao Electric Mobility Lab (eMobLab)

3. DESCRICAO DO SETUP DE ENSAIO

A Figura 1 abaixo apresenta a estrutura geral utilizada para a realizacdo dos testes. O equipamento
empregado nos testes foi o Charging Discovery System (CDS), que emula o comportamento do veiculo
elétrico por meio do circuito piloto presente no lado do VE.

Software Charging Discover
Configuragdo do DUT
Test cases

Leitura de dados

Charging Discovery
System

Carga resistiva

Estacédo em Teste Emulacao do veiculo elétrico

Figura 1 - Setup de testes utilizado

O CDS realiza a leitura do sinal PWM gerado pela estacdo de recarga através do pino piloto (CP) e do
condutor de protecdo (PE) e com isso, dependendo do teste em execucdo, 0 equipamento pode
interromper a conexdo dos condutores CP e PE usando chaves internas, emulando uma desconexao do
cabo, fechar um curto circuito entre estes dois contutores. Ele também controla a chave S2 para indicar
a estacdo de recarga que o VE esta apto ou ndo ao inicio da recarga, e pode variar resisténcias,
capacitancias dos componentes internos do circuito piloto do veiculo elétrico (VE), dentre outras
funcionalidades que seréo abordadas nos testes a seguir.




4. ENSAIOS CERTIFICADOS DA KEYSIGTH

Os ensaios apresentados a seguir, foram desenvolvidos pela Keysigth e estdo relacionados ao circuito
piloto, tratando o0s principais pontos relacionados a norma IEC 61851-1

4.1. BC_101_StateC

Este teste tem como objetivo verificar se a funcéo-piloto foi corretamente estabelecida
entre o sistema de alimentacédo e o VE. A estacdo de recarga deve identificar a leitura
correta do sinal piloto para a deteccdo correta dos estados do veiculo, quando este €
conectado (transigdo 1.1), e quando o VE fecha a chave S2 (Transicdo 4) sendo esta
ultima uma indicacdo que o VE esta pronto para receber energia e em resposta a esta
transicdo a estacdo deve energizar o sistema.
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Figura 2 - Sequéncia do teste BC_101_StateC
Topico Requisito(s) do teste
. A estacdo deve garantir a alimentagéo nos
II\IEO(';ma : _I?g;rg(l)zagao dd: VE s(iGr;i.r(l).nAri)zagéo bornes do VE apenas se a comunicagio
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61851-1 abordado na Tabela A.6, de P

acordo com Sequéncia 4 O tempo de sincronizacdo maximo de 3

segundos (t7-t6)
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Time = 3.9955823935
[EV CP U pos = 8,845647V|
Time = 4.0024824435
EV CP duty cycle = 100%
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{ : Time = 7.7670302125
: [EV CP U pos = 5,817173V

Time = 7.781897849s
EV CP duty cycle = 53,4%)
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Resultados

Time = 7.876704604s
U L1-N rms = 215,4931V/
Time = 7.876704604s
U L2-N rms = 216,6002
Time = 7.876704604s
U L3-N rms = 216,427V
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Figura 3 - Tempo de energizacéo




4.2. BC_102_StateC

Este teste tem como objetivo analisar a Sequéncia 8.1 que esta relacionada ao tempo de
reacao da estacdo a transicdo 7, ou seja, medir tempo desde abertura da chave S2 do
veiculo até a abertura dos dispositivos de manobra da estacéo.
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Figura 4 - Sequéncia do teste BC_102_StateC
Topico Requisito(s) do teste
O sistema de alimentacdo deve abrir seu
- dispositivo de manobra para responder a
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Figura 5 - Tempo de desenergizacéo




4.3. BC_103_StateC

Este teste tem como objetivo verificar a Sequéncia 2.2. Para este caso, é iniciado um
processo de recarga até chegar no estado C2 onde ocorre a interrupcao da linha CP,
sendo que o sistema vai diretamente para o estado A2.
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Topico Requisito(s) do teste
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Figura 7 - Tempo apds abertura do condutor PE




4.4. BC_104 StateC

Descricéo
do teste

O objetivo deste teste € medir o tempo desde que ocorre um curto entre a linha CP e o
condutor de protecdo PE. Nesse teste, ocorre um processo normal de recarga até o
estado C2 e apos determinado tempo € forgado um curto entre CP e PE sendo realizado
a medida de tempo desde que o sinal da linha CP vai para 0 V e a estacao abre seu

dispositivo de manobra
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Figura 8 - Sequéncia BC_104_StateC
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Topico Requisito(s) do teste
e Verificagio continua da Durante a recarga em Modo 3, a
continuidade do  condutor de continuidade elétrica do condutor de
N protecio (6.3.1.2) aterramento de protecdo entre a estagédo
orma . Temno  de . sincronizacio | Y€ recarga para VE e o contato VE deve
25551 1 aborga do na Tabela A6 ¢ de | S€' monitorada. O sistema deve
- acordo com Sequdncia 12 o desconectar a alimentagdo ao VE no caso
Ensaio d ql q N de incapacidade de verificar a
¢ _nsal_E[) do'f va or;s 4 ge CUMo- | continuidade do condutor de protecao
circuito da tensdo (A.4.9) (por exemplo, curto circuito entre 0 CP e

PE), em menos de 3 segundos
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Resultados

Time = 11.517672419s
U L1-N = 287,0085V

11s
RAASARRRRNRER RN RN SRR RN RN RN RN RN RRRERRRRRY]
ms 500ms 510ms 520ms 530ms 540

BC_104_StateG

T T T T T T T T T T T T T O T T T T T T T T T T Ty
ms 550ms ms

501 560ms 570ms 580ms 590ms 600 610ms 620msg|

1

Figura 9 - Tempo de resposta apos curto-circuito CP e PE




4.5. PP2_005

O objetivo deste teste é realizar a leitura do resistor existente no conector (Rc),
responsavel pela codificagdo da corrente maxima suportada pelo cabo que deve estar
de acordo com os dados da tabela a seguir:
Tabela 1 - Codificagdo da corrente para a tomada movel para VE.(Tabela B.2)
Resisténcia —
. - Limite
Corrente Limite nominal Rc .
. . A Superior
admissivel Inferior (Q) Tolerancia £ Q)
3% ()
Descricao 13 1455 1500 1545
do teste
20 659,6 680 700,4
32 213,4 220 226,6
63 (Trifasico)/
70 97 100 103
(Monofasico)
Topico Requisito(s) do teste
Norma e Corrente admissivel maxima
IEC (6.3.1.6) Os valores da corrente maxima permitida
61851-1 e Corrente maxima permitida pelo | deve ser transmitido e ndo pode exceder
cabo de recarga, de acordo com | acorrente nominal do cabo
Tabela B.2
Resultados
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Figura 10 - Codificagdo da corrente maxima do cabo

Situacgdo




4.6. PWM_EVSE_1

Este teste busca verificar se a variacdo dos valores dos componentes elétricos no
circuito PWM pelo lado do VE, dentro das tolerancias especificadas, ndo causara
interrupcdo na transferéncia de energia em andamento com o EVSE. O processo de
recarga é iniciado até o estado C2.

(a.1)

(), (8.1)

Figura 11 - Sequéncia do teste PWM_EVSE_1

Descricéo
do teste Os parametros do circuito-piloto de comando tipico (circuito equivalente) abordado pela
Figura A.1, topico A.2.2 sdo alterados durante o processo de recarga.
Tabela 2 - Parametros do circuito-piloto
Simbolo Valor min. Valor tipico Valor max.
Re 856 822 908
Vd 0,55 0,7 0,85
Cv - - 2400
Cc - - 1500
Topico Requisito(s) do teste
e Circuito-piloto de comando (A.2 - . L
Norma . Parémetrgs do circuito- ilot(o d()e Eabo_rdadoarespelto dos niveis maximos
IEC -priot e minimos de tensdo do CP.
618511 comando e valores aplicaveis ao
sllgt([a)mla '(iezal_:_mt()a nlta?:‘% pql[abVlE Frequéncia do PWM (1 kHz £ 2%), e se 0
’(A\Z)e aA.c, labelaA.o € Tabela | gistema se mantém energizado
B ) T | e
Resultados

Time = 1:29.58496580

Ju L2-N rms = 215,811V

Time = 1:30.494979504
U L3-N rms = 215,5535V/

308 40s s0s  0:01 10s 20s 308 405 S0s  0:02  10s 20s

Figura 12 - Resultado para PWM_EVSE_1




47. PWM_EVSE_3

Este teste verifica se qualquer alteracéo nos valores dos componentes do circuito piloto
do lado do VE néo causa interferéncia na comunicacdo com a estacdo de recarga. 1sso
é essencial para garantir que a estagdo detecte corretamente o estado do veiculo elétrico
e evite interrupgdes indesejadas no fornecimento de energia. O processo envolve a
execucdo de todo o ciclo de recarga, comegando no estado Al, Bl, B2 e C2 e
posteriormente retornando a Al.

(1.1)

(7). (8.1)

Descricéo
do teste
Figura 13 - Sequéncia do teste PWM_EVSE_3
Posteriormente € alterado os parametros internos do circuito piloto do VE, de acordo
com a Tabela A.3 da IEC 61851-1
Tabela 3 - Parédmetros do circuito piloto (Tabla A.3)
Simbolo VaJor \{a!or Valor max. Unidade
min. tipico
R3 2658 2740 2822 Q
R2 1261 1300 1339 Q
Vd 0,55 0,7 0,85 \%
Cv - - 2400 pF
Cc - - 1500 pF
Topico Requisito(s) do teste
e Circuito-piloto de comando (A.2)
Norma e Parametros do circuito-piloto de £ . .
abordado a respeito dos niveis
IEC comando (Tabela A.2, Tabela A.3 maximos e minimos de tensdo do CP e
61851-1 e Tabela A.4)

frequénciado PWM (1 kHz + 2%), e se 0

* Procedimentos de €nSalo | sistema se mantém energizado.

(A4.7.2)
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Figura 14 - Resultado para PWM_EVSE_1
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4.8. SU_025_StateC
Este teste tem como objetivo realizar a verificacdo se a estacdo ndo perde a autenticacdo
e e capaz de energizar o sistema, caso durante a transferéncia continua de energia o ponto
S2 seja aberto previamente.
(1.1)
Descricéo
do teste
(7). (8.1)
Figura 15 - Sequéncia do teste SU_025_StateC
Um processo de recarga é iniciado normalmente, saindo de Al e chegando no estado
C2. Apds determinado tempo, o veiculo abre previamente S2 (transi¢do 7) e a estacao
abre o seu dispositivo de manobra (transicdo 8.1), portanto o processo de recarga esta
no estado B2. E aguardado por um tempo, e o VE solicita o inicio da recarga novamente
(em verde). A estacdo deve alimentar o VE, normalmente.
Topico Requisito(s) do teste
Caso o sistema de alimentacdo para VE
Norma e Requisitos relativos 405 | Fedueirauma autenticacao para assegurar
IEC arqametros e combortamento do | @ dlimentagao, a mudanca de estado CX
61851-1 Eistema (A3) P ou DX para o estado BX n&o pode levar a
' perda de autenticacéo.
=R
N |
Time = 2.579853553s
a M Time = 17.202058054s
:
!
Resultados ‘ ‘ ]
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Figura 16 - Resultado de SU_025_StateC




5. ENSAIOS CUSTOMIZADQOS

Estes ensaios séo relacionados ao Anexo A, gque descreve a funcéo-piloto de comando realizada por
meio de um circuito piloto de comando utilizando uma modulagéo por largura de impulsos (PWM).
Portanto este Anexo A descreve 0s parametros do circuito e o sequenciamento de eventos para esta
funcéo-piloto.

5.1. PWM_Voltage

Este teste tem como objetivo verificar se a amplitude do sinal PWM esta de acordo com
os valores estabelecidos nas normas, conforme a Tabela a seguir:

Tabela 4 - Parédmetros das tensdes de fio-piloto

Estado Tenséao Tensdo maxima
minima (V) V)
Ale A2 11,4 126
Parte positiva BleB2 8,37 9,59
Parte negativa A2,B2eC2 -12,6 11,4

Fonte: Adaptado IEC 61851-1

Portanto, um processo de recarga € iniciado partindo do estado Al, e passando pelos
estados B1 > B2 > C2 > B2 > A2 > Al como mostrado na Figura a seguir, onde em

Descricao cada estado é realizado as medidas necessarias da parte positiva e negativa do sinal
do teste PWM.
A2
B2 c2 &
12V . N
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Figura 17 - Sequéncia do teste

Topico Requisito(s) do teste
Norma
IEC Tensao de ensaio do gerador A tensdo medida na saida do sistema de
61851-1 PWM (A.4.4) alimentacéo para VE deve ser conforme
indicado na Tabela 1.
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Time = 14.291371255s
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Figura 18 - Estado A2
Time = 19.2313712558
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Figura 19 -Estado B2
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EY CP U ne
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[EV CP U pos = 5,814754V
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+

B |

Time = 11.52428548s
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PWM voltage

Figura 20 - Estados B1, C2 e Al

Situacgado




5.2. PWM_duty cycle

Este teste, busca verificar se a codificacdo da corrente maxima esta correta. De acordo
com a IEC 61851-1, a estacdo deve ser ensaiada a uma razao ciclica de 10% e também
para o valor de razdo ciclica correspondente a corrente maxima da estacdo, que neste
caso é 53,3 %. Espera-se que o valor da razdo ciclica tenha um erro maximo de £ 0,5
%.
12v 533% 10%
ov| L— L 2 —‘
-~ = 3V
Descricéao R H [ [
do teste J H J H H H
12V Ll
Fechada
&
Aberta
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g
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Figura 21 - Sequéncia do teste
Topico Requisito(s) do teste
A razdo ciclica deve ser ensaiada a 5% (se
Norma existir), a 10% e a corrente maxima
IEC declarada pelo fabricante do sistema de
: : limentacdo para VE (Se o sistema de
61851-1 e Ensaio de razio ciclica (A.4 oy ° >
salo de razdo ciclica (A.4.5) alimentacdo para VE ndo puder
modificar o PWM, ele deve ser ensaiado
somente na razdo ciclica padrdo de
fabrica).
|
Resultados _EVCPImax=6,DGA :
U L1-N rms = 216,8975V
N1
| e sidericties
T S A e R s PR TR
Figura 22 - Resultado para os valores de razéo ciclica




5.3. Rise_and_fall_times

Este teste tem como objetivo verificar os tempos de subida e descida maximos do
sinal PWM gerado pela estacédo de recarga em teste.

Tabela 5 - Parédmetros de ensaio dos sinais-piloto de comando

Estado \{al_or Unidade
maximo
B 10 us
Tempo de subida
C 7 us
Tempo de descida BeC 13 us

Portanto o teste é executado, realizando-se um processo de recarga coletando os dados
de tempo de subida e tempo de descida nos estados especificos abordados na Tabela 2.

Descricéo
do teste
W L H N
;o m Jnuﬂuﬂuﬂuﬂﬁm
Fechada
g on
Figura 23 - Sequéncia do teste
Topico Requisito(s) do teste
A forma de onda dos impulsos PWM deve
Norma estar no limite dos valores indicados na
IEC Ensaio da forma de onda de impulso | Tabela 2.
61851-1

(A.4.8)

Os sinais s@o avaliados para os valores
nominais do circuito piloto.




Resultados

Time = 6.679994161s
EV CP U pos = 8,843712V

Time = 6.679994161s
EV CP duty cycle = 53,36%)
& ES

Time = 6.674993954s
EV CPtrise = 5,6ps

Time = 6.681993882s
EV CPt fall = 8,8us
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6)_Rise and fall time

Figura 24 - Estado B2
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Figura 25 - Estado C2




6. REFERENCIA NORMATIVA

IEC 61851 - 1: Sistema de recarga condutiva para veiculos elétricos - Requisitos gerais (2021)

7. ANEXOS

Em anexo, estdo os Reports gerados no Software Charging Discover, relacionados a todos os testes
apresentados anteriormente.




Charging Discovery System

EVSE-Test report
Date of print:

KEYSIGHT

TECHNOLOGIES

22.01.2026, 14:28
22.01.2026, 14:25
ROTA2030FUNDEP

Date of execution:

Report Creator:

Device Under Test

DUT manufacturer and type

DUT serial and revision

Project_BC_101_StateC.cdpj

Test project:

ID | Test Case name Revision Signature DOE profile Cycle Result

0 | BC_101_stateC

6.132 Certified test case 1 Passed

Trace plot
v 2.2378256625s E

Time = 3.995582393s
EV CP U pos = 8,845647V

Time = 4.002482443s E
EV CP duty cycle = 100%| . i
F . " Time = 7.781897849s
. . EV CP duty cycle = 53,4%
T

Time = 7.767930212s
EV CP U pos = 5,817173V

ULL-N, V]

EV CP U pos, V

U L2-N rms, V]

U L1-N rms = 215,4831V

Time = 7.876704604s
U L2-N rms = 216,6002V

+

Time = 7.876704604s
U L3-N rms = 216,427V

+

: R - : : 95
. . . . . . - 4s 500ms 5s 500ms 6s 500ms 7s 500ms 8s 500ms 9s 500ms

BC_101_StateC

System configuration

System information System information:

IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

Client information:
Version:
Client type:
IP address:

SW revision CD

SW revision CDS and
FW revision QCA

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_BC_101_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.25.07



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_BC_101_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.25.07



Charging Discovery System

EVSE-Test report
Date of print:

KEYSIGHT

TECHNOLOGIES

22.01.2026, 14:40
22.01.2026, 14:29
ROTA2030FUNDEP

Date of execution:

Report Creator:

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_BC_102_StateC.cdpj

Revision DOE profile Cycle Result

7.139

ID | Test Case name Signature

0 | BC_102_stateC

Certified test case 1 Passed

B 61.88581ms 2 9.327211544s0

Time = 12.250058428s

JU LGN, V]

EV CP U pos, V

Time = 12.1590553s |

EV CP U pos = 5,807014V

—

Time = 12.1590553s

EV CP duty cycle = 53,4%
-+

Time = 12.159510201s
U L1-N = 284,7706V

[

Time = 12.160496472s
IL1=3,44422A

12s . .
rfrrrrrrrrrrrrrryrrrryTTTTITTTTTTITTITTTITTITITTITTIITTITTITTITTIT I ITTITTT I I T I T I T T T T I T T T T T I T T T T T I TIT I T

EV CP U pos = 8,845647V

{[Time = 12.272792964s
3 IL1active=0

+

120ms 140ms 160ms

80ms

00ms

20ms

240ms

60ms

280ms 300ms
|

BC_102_sStateC

1

System information

System information:
IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

System configuration

SW revision CD

Client information:
Version:
Client type:
IP address:

SW revision CDS and
FW revision QCA

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_BC_102_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.29.28



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_BC_102_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.29.28



Charging Discovery System

EVSE-Test report
Date of print: 22.01.2026, 14:55
22.01.2026, 14:50

ROTA2030FUNDEP

Date of execution:

Report Creator:

Device Under Test

KEYSIGHT

TECHNOLOGIES

DUT manufacturer and type

DUT serial and revision

Project_BC_103_StateC.cdpj

Test project:

ID | Test Case name Revision Signature DOE profile

Cycle Result

0 | BC_103_StateC 6.139 Certified test case

Passed

70ms

3
10.286s)

.| Time =11.260240312s
V[EV CPU pos = 11,93508V

T
+

EV CP U pos, V

Time = 11.192290067s
EV CP U pos = 5,800725V

Time = 11.182290067s
EV CP duty cycle = 53,37999%
+

Time = 11.191474082s
IL1=345031A

\/\/\/\/\/\/\/

11s

/\/\/\/\/\/\/\.

\/

TTTTTTTTT
180ms

00ms 20ms 40ms 60ms 280ms

00ms 20ms 340ms

BC_103_StateC

System information:
IP address:

System information

Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

Client information:
Version:
Client type:
IP address:

SW revision CD

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

SW revision CDS and
FW revision QCA

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

Trace_Project_BC_103_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.50.50



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_BC_103_StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.50.50



Charging Discovery System K EYS I G HT

EVSE-Test report

Time = 11.517594268s
EV CP U pos = 5,804595V

TECHNOLOGIES
Date of print: 22.01.2026, 15:00
Date of execution: 22.01.2026, 14:56
Report Creator: ROTA2030FUNDEP
Device Under Test
DUT manufacturer and type
DUT serial and revision
Test project: Project_BC_104_StateC.cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | BC_104_StateC 7.139 Certified test case 1 Passed
dace pIo
B 45ms 2 9.99557]

EV CP U pos, V

Time = 11.517594268s
EV CP duty cycle = 53,38932% +
+

: Time = 11.5920855165
: >516
Time = 11.517672419s : : : EvCP du'tv+cycle 0@ :

L1 =3,425948A : :

Time = 115920855165 |
EV CP U pos = -2,723202mV :

N

Time = 11.517672419s
U L1-N = 287,0085V

N " N : 11s . N

TTITT T T O [T T T T T [T T T T T[T T T [ T A [ T T [ T T T T T T T T T T T A T T T T T A T T T I T AT T[T T T T[T I I TTT I IT
. . . . . . - Oms 500ms 510ms 520ms 530ms 540ms 550ms 560ms 570ms 580ms 590ms 600ms 610ms 620m9
BC_104_StateC |

System information System information:

IP address:

Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:

EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_BC_104 StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.56.35



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_BC_104 StateC_EVSE-Test IEC_61851-1 AC_2026-01-22_14.56.35



Charging Discovery System K EYS l G HT

EVSE-Test report

Date of print: 22.01.2026, 15:06
Date of execution: 22.01.2026, 15:00
Report Creator: ROTA2030FUNDEP
Device Under Test
DUT manufacturer and type
DUT serial and revision
Test project: Project_PP2_005.cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | PP2_005 5.83 Certified test case 1 Passed
dace pIo
==
8
= Time = 756.018003ms
5 EV CP U pos = 8,845647V
= 1
L
Time = 761.76182ms
EV CP duty cycle = 100%
+
Time = 769.746499ms
EV PP-CCR = 221,03780Q
Time = 769.746499ms
EV PP-CC I max = 32A
- 15
T T I T T T T IO T T T T T T T T O T O T O T O T [T T O [ O T O T T T T T O T T T T T T OO T T O T O T O T O T [ T AT [T T T T T T T (O T T T[T T O T O T I O [T T O T O T [T Io oo T
. . . 0 100ms  200ms 300ms  400ms 500ms 600ms 700ms 800ms $00ms 1s 100ms  200ms  300ms 400ms 500ms 600ms 70
f PP2_005 !
4 »

System configuration

System information System information:

IP address:

Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:

EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_PP2_005_EVSE-Test IEC_61851-1 AC_2026-01-22_15.00.35



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_PP2_005_EVSE-Test IEC_61851-1 AC_2026-01-22_15.00.35



Charging Discovery System K EYS I G HT

EVSE-Test report TECHNOLOGIES

Date of print: 22.01.2026, 15:11
Date of execution: 22.01.2026, 15:07
Report Creator: ROTA2030FUNDEP

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_PWM_EVSE_1(AC, state C).cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | PWM_EVSE_1 (AC, state C) 6.137 Certified test case 1 Passed
dace pIo
> W) = =
W vl vl v
o E - E -: E —
= zMzB=
of - CE B>
- SESES Time = 48.455308595s Time = 1:28.77963992 Time = 2:08.839976331
= i i EV CP U pos = 5,984077V EV CP U pos = 6,115666V EV CP U pos = 6,137436V
o M ; n — rav— | : P — e + — .
~ Time = 1:12.035091424
] EV CP U pos = 5,647366V
A = Time = 1:29.794968538
= U L1-N rms = 214,6427V
a2 Time = 1:29.59496589
9 = U L2-N rms = 215,8111V
3|z Time = 1:30.494979504
- i U L3-N rms = 215,5535V
i e 0:03]
LI L L L L L L L L L L L L L L L L L L L L L L L LB LB B
. . . . 0 15s 30s 45s 0:01 15s 30s 45s 0:02 15s 30s 45s 0:03 15s
f PWM_EVSE_1 |
4 QK »
System configuration
System information System information:
IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:
SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:
PLC modem EVSE:
Power source/load:
Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00 /o0 \/

1 Trace_Project. PWM_EVSE_1(AC, state C) EVSE-Test IEC_61851-1 AC_2026-01-22_15.07.14



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project. PWM_EVSE_1(AC, state C) EVSE-Test IEC_61851-1 AC_2026-01-22_15.07.14



Charging Discovery System

EVSE-Test report

Date of print: 23.01.2026, 10:49
Date of execution: 23.01.2026, 10:15
ROTA2030FUNDEP

KEYSIGHT

TECHNOLOGIES

Report Creator:

Device Under Test

DUT manufacturer and type

DUT serial and revision

Project_PWM_EVSE_3(AC, state B - C).cdpj

Test project:

ID | Test Case name Revision Signature DOE profile Cycle Result
0 | PWM_EVSE_3 (AC, state B-> C) 5.187 Certified test case 1 Passed
dace pIo
2
v
= = H
w . w
& B El E
2 == -
S ] - f
& =l e :
- ||'|||||||||||1||||||||||||||||||||||||||||||||||||1||||||||||||||||
[ | ETEEERR 0 0:05 0:10 0:15 0:20 0:25 0:30
} PWM_EVSE_3 {
4 »|a »

System configuration

System information:
IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

System information

Client information:
Version:
Client type:
IP address:

SW revision CD

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

SW revision CDS and
FW revision QCA

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00 /o0 \/

1 Trace_Project. PWM_EVSE_3(AC, state B - C) EVSE-Test IEC_61851-1 AC_2026-01-23_10.15.59



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project. PWM_EVSE_3(AC, state B - C) EVSE-Test IEC_61851-1 AC_2026-01-23_10.15.59



Charging Discovery System K EYS I G HT

EVSE-Test report TECHNOLOGIES

Date of print: 23.01.2026, 10:59
Date of execution: 23.01.2026, 10:56
Report Creator: ROTA2030FUNDEP

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_SU_025_StateC_MOD.cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | (MOD)_SU_025_StateC 1.202 Custom test case 1 Passed
dace pIo
i ; - ; i 3 i Time = 35.230179138s
2 R CRERERE EV CP U pos = 11,9616%V
= SE- CEzE=zZE= Time = 2.581003438s Time = 16.981050714s +
S =E“E "B [EvCPUpos = 8,847582v EV CP U pos = 8,84226V
] = e Time = 8.651770372s | + Time = 26.513368778s
Time = 2.579853553EV CP U pos = 5,813787V | EV CP U pos = 5,815722V
EV CP du cle = 100% t EV CP du cle = 100%
vy : Time = 17.202058054s vy :

EV CP duty cycle = 53,37999%
+

= Time = 9.674787885s
U L1-N = 288,4393V
Time = 10.094806886s Time = 27.394988167s
U L1-N rms = 214,722V U L1-N rms = 214,7665V
Time = 10.094806886s Time = 27.594990368s
U L2-N rms = 216,4422V U L2-N rms = 216,4366V
Time = 9.994804221s Time = 27.694992943s
U L3-Nrms = 216,7482V| U L3-N rms = 216,4637V

|

J

LI LI L L L L L L L L L L L L L L L L L L L L L LB LB
. . . - . . . 0 Ss 10s 15s 20s 25s 30s 35s 40s
f (MOD)_SU_025_StateC |
4 »|a »
System configuration
System information System information:
IP address:

Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:

EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00 /o0 \/

1 Trace_Project_SU_025_StateC_MOD_EVSE-Test_IEC_61851-1 AC_2026-01-23_10.56.12



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_SU_025_StateC_MOD_EVSE-Test_IEC_61851-1 AC_2026-01-23_10.56.12



Charging Discovery System K EYS I G HT

EVSE-Test report TECHNOLOGIES

Date of print: 23.01.2026, 11:16
Date of execution: 23.01.2026, 11:01
Report Creator: ROTA2030FUNDEP

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_(A.4.4)_PWM Voltage.cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | (A.4.4)_PWM voltage 1.0 Custom test case 1 Passed

Trace plot
== = -
: Time = 142913712555
o] =] EV CP U pos = 11,97959V
o =N _
=] 1= j
b e 1
]
i
1
| |
ilo-
‘D'I ) Time = 14.291371255s
1 EV CP U neg = -11,94778V
1
=
2 ]
i y Time = 14.2013712555
s EV CP duty cycle = 53,32933%
9.
i 14s
TTIT T[T I T T[T I T T[T T T [T I T T[T T T [T T T T[T T[T T T[T T T[T T T [T T T T[T T T [T T T[T T [T T T[T T T[T T T [T T T[T T T T [T T T[T T T T [T I T T[T I T T[T T T T [T I T[T TT[TIT T TTT
. . 50ms 260ms 270ms 280ms 290ms 300ms 310ms 320ms 330ms 340ms 350ms 360ms 370ms 380ms 390ms
(A.4.4)_PWM voltage
4 » —
System configuration
System information System information:
IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:
SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:
PLC modem EVSE:
Power source/load:
Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_(A.4.4) PWM_Voltage EVSE-Test IEC_61851-1 AC_2026-01-23 11.01.51



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_(A.4.4) PWM_Voltage EVSE-Test IEC_61851-1 AC_2026-01-23 11.01.51



Charging Discovery System K EYS I G HT

EVSE-Test report TECHNOLOGIES

Date of print: 23.01.2026, 11:13
Date of execution: 23.01.2026, 11:01
Report Creator: ROTA2030FUNDEP

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_(A.4.4)_PWM Voltage.cdpj
ID | Test Case name Revision Signature DOE profile Cycle Result
0 | (A.4.4)_PWM voltage 1.0 Custom test case 1 Passed

Time = 8.248165428s
EV CP U pos = 8,845647V

K Time = 8.650179095s
EV CP U pos = 5,80507%V

Time = 8.247165489s Time = 8.651199027s
EV CP U neg = -11,97149V EV CP U neg = -11,972%4V

Time = 8.487173598s
EV CP duty cycle = 53,4%
= 4—

8s
:|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||1||||||||||||||||||||||||||||||||||||||||||||||[||||[||||[||||
3 100ms 150ms 200ms 250ms 300ms 350ms 400ms 450ms 500ms 550ms 600ms 650ms 700ms 750ms 800ms
(A.4.4)_PWM voltag
4 > —
System configuration
System information System information:
IP address:
Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:
SW revision CD Client information:
Version:
Client type:
IP address:
SW revision CDS and Version information:
FW revision QCA Application:

EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_(A.4.4) PWM_Voltage EVSE-Test IEC_61851-1 AC_2026-01-23 11.01.51



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %

2 Trace_Project_(A.4.4) PWM_Voltage EVSE-Test IEC_61851-1 AC_2026-01-23 11.01.51



Charging Discovery System K EYS I G HT

EVSE-Test report TECHNOLOGIES

Date of print: 23.01.2026, 13:00
Date of execution: 23.01.2026, 12:57
Report Creator: ROTA2030FUNDEP

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project: Project_(A.4.5)_PWM duty cycle.cdpj
ID | Test Case name Revision Signature DOE profile Cycle m
0 | (A.4.5)_PWM duty_cycle 1.1 Custom test case 1

= =1 1=
g HEH
S| H-E Time = 17.4504334165
r 1 EV CP U pos = 5,81427V
= = =) t
Time = 17.407592138s
- 0
EV CP duty cyde = 55.4% Time = 25.1277143715
Time = 17.682488584s BV CP duty C_Zde = 10.1%
U L1-N = 290,6773V
Time = 18.319493779s
= U L1-N rms = 216,8975V
i Time = 18.319493779s ‘\
U L2-N rms = 218,1557V
! Time = 18.319493779s \
U L3-N rms = 218,5789V
- . TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T I T T T T T T T T I T T T T T T T T T T T T T T TT T T TTTT
. . . . . . - 0 S5s 10s 15s 20s 25s 30s 35s
f (A.4.5)_PWM duty cycle |
4 bl d |
Fail / inconclusive events
ID Cycle | Time Failure / inconclusive description
count
0 1 22:00:26.577640429 Step 8: [false] ([53.399997711181641] $D_max < 52.799999999999997);
[false] ([53.399997711181641] $D_max > 53.799999999999997);
[false] ([10.09999942779541] $D_min < 9.9499999999999993);
[true] ([10.09999942779541] $D_min > 10.050000000000001);

System configuration

System information System information:

IP address:

Serial number System:
Serial number EVBoard:
Serial number EVSEBoard:

SW revision CD Client information:
Version:

Client type:

IP address:

1 Trace_Project_(A.4.5)_ PWM_duty_cycle_EVSE-Test_IEC_61851-1_AC_2026-01-23_12.57.07



SW revision CDS and
FW revision QCA

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:
PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00fo0 A
Min/max AC voltage -00 /o0 \/

DOE manufacturer and type

DOE serial number and revision -
DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %
DOE min/max discharge DC power | -
DOE min/max discharge DC current | -
DOE min/max SoC -
DOE target SoC % %

2 Trace_Project_(A.4.5)_ PWM_duty_cycle_EVSE-Test_IEC_61851-1_AC_2026-01-23_12.57.07




Charging Discovery System

EVSE-Test report
Date of print:

KEYSIGHT

TECHNOLOGIES

23.01.2026, 11:24
23.01.2026, 11:17
ROTA2030FUNDEP

Date of execution:

Report Creator:

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project:

Project_(A.4.6)_Rise and fall times.cdpj

ID | Test Case name Revision Signature DOE profile Cycle Result
0 | (A.4.6)_Rise and fall times 1 Custom test case 1 Passed
dace pIo
. d
g el 1 Time = 6.679994161s
=% - - EV CP U pos = 8,843712V
jun o g T
o O ¥
o - - |
o T
3 Time = 6.460899259s
3 EV CP duty cycle = 100%
=l . —+ -
1 Time = 6.679994161s
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System configuration

System information System information:
IP address:
Serial number System:
Serial number EVBoard:

Serial number EVSEBoard:

SW revision CD Client information:
Version:
Client type:

IP address:

SW revision CDS and
FW revision QCA

Version information:
Application:
EVBoard uC/FPGA:
EVSEBoard uC/FPGA:
PLC modem EV:

PLC modem EVSE:

Power source/load:

Max AC power oo kW
Min/max AC current -00 /o0 A
Min/max AC voltage -00/o0 \/

1 Trace_Project_(A.4.6) Rise_and_fall_times_EVSE-Test IEC_61851-1 AC_2026-01-23 11.17.59



DOE manufacturer and type

DOE serial number and revision -

DOE min/max charge DC power kw
DOE min/max charge DC current A
DOE min/max DC voltage Y
DOE battery capacity kWh
DOE initial SoC %

DOE min/max discharge DC power | -

DOE min/max discharge DC current | -

DOE min/max SoC -

DOE target SoC % %
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Charging Discovery System

EVSE-Test report
Date of print:

KEYSIGHT

TECHNOLOGIES

23.01.2026, 11:27
23.01.2026, 11:17
ROTA2030FUNDEP

Date of execution:

Report Creator:

Device Under Test

DUT manufacturer and type

DUT serial and revision

Test project:
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DOE manufacturer and type
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DOE min/max charge DC power kw
DOE min/max charge DC current A
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