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Apresentação da NP EN 50160


• Esta norma descreve as características 


principais, no ponto de entrega ao cliente, 


da tensão de alimentação por uma rede de 


distribuição pública em baixa ou média 


tensão, em condições de exploração 


normais
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Grandezas definidas na NP EN 50160 


Conceitos
Tensão de alimentação Tensão Nominal Flutuação de tensão


Variação rápida da tensão Variação da tensão Tremulação


Severidade da tremulação Cava Interrupção 


Sobretensão temporária Sobretensão transitória Tensão Harmónica


Tensão Interharmónica Desequilíbrio da  tensão


..... ..... ..... 
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Características da tensão de alimentação


• Frequência - Deve ser igual a 50 Hz. Em condições 


normais o valor médio medido em intervalos de 10 min 


deve estar:


• Entre 49,5 e 50,5 Hz durante 95% de uma semana


• Entre 47 e 52 Hz durante 100% de uma semana


• Tensão nominal – Un = 230V entre fase e neutro (BT)


• Variação da tensão de alimentação – Não considerando as 


interrupções, 95% dos valores eficazes médios de 10 min 


para cada período de uma semana devem situar-se na gama 


Un ± 10%
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Características da tensão de alimentação


• Severidade da tremulação (flicker) 


• Para qualquer período de uma semana, a severidade de longa duração 


deve ser Plt < 1 durante 95% do tempo 


Em que Pst é a severidade de curta duração medida num período de 10 


min 


• Desequilíbrio das tensões de alimentação – Para cada 


período de uma semana 95% dos valores eficazes médios 


de 10 min da componente inversa das tensões, não devem 


ultrapassar 2% da correspondente componente directa 
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Baixa Tensão (THD < 8%)


Harmónicas impares


Não múltiplas de 3 Múltiplas de 3


Harmónicas pares


Ordem h Tensão relativa


(%)


Ordem h Tensão relativa


(%)


Ordem h Tensão relativa


(%)


5 6,0 3 5,0 2 2,0


7 5,0 9 1,5 4 1,0


11 3,5 15 0,5 6..24 0,5


13 3,0 21 0,5


17 2,0


19 1,5


23 1,5
25 1,5


Nota: Não são indicados valores para harmónicas de ordem superior a 25, por serem em geral de pequena


amplitude, mas muito imprevisíveis devido a efeitos de ressonância


Valores definidos pela EN 50160 para 
a distorção harmónica
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Média Tensão (THD < 8%)


Harmónicas ímpares


Não múltiplas de 3 Múltiplas de 3


Harmónicas pares


Ordem h Tensão relativa


(%)


Ordem h Tensão relativa


(%)


Ordem h Tensão relativa


(%)


5 6,0 3 5,0* 2 2,0


7 5,0 9 1,5 4 1,0


11 3,5 15 0,5 6......24 0,5


13 3,0 21 0,5


17 2,0


19 1,5


23 1,5
25 1,5


* Conforme a concepção da rede. O valor da harmónica de ordem três pode ser muito inferior.


Nota: Não são indicados valores para harmónicas de ordem superior a 25, por serem em geral de pequena


amplitude, mas muito imprevisíveis devido a efeitos de ressonância.


Valores definidos pela EN 50160 para 
a distorção harmónica
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• O agrupamento em harmónicas pares e ímpares e nestas 


em múltiplas de 3 e não múltiplas de 3 deve-se a:


– harmónicas pares - dá origem a componentes 


contínuas, meia onda positiva diferente de meia onda 


negativa (notar que os valores são mais reduzidos) 


– harmónicas ímpares múltiplas de 3 - em sistemas 


trifásicos as harmónicas das três fases somam-se no 


circuito de neutro. (notar que os valores são mais 


reduzidos) 


Valores definidos pela EN 50160 
para a distorção harmónica
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• Enquadramento legal do relacionamento entre as 


partes do Sistema Eléctrico (não abrange os 


produtores vinculados );


• Definição de Responsabilidades;


• Estabelecimento de Obrigações;


• Dá enquadramento legislativa à NP EN 50160


RQS - REGULAMENTO DA QUALIDADE DE 
SERVIÇO 
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O RQS engloba disposições de natureza


• Técnica


– Continuidade de serviço


• número e duração das interrupções


• distingue interrupções previstas e acidentais


– Qualidade da onda de tensão


• amplitude


• frequência


• forma de onda


• simetria do sistema trifásico


• Comercial


– aspectos de atendimento, informação, assistência 
técnica e avaliação da satisfação
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RQS - Classificação de zonas


• Os padrões de qualidade de serviço variam 


com as zonas geográficas


• São estabelecidas as seguintes zonas:


– Zona A - capitais de distrito e localidades com 


mais de 25 mil clientes (25,3%)


– Zona B - localidades com número de clientes 


entre 2500 e 25 mil (38,2%)


– Zona C - restantes locais (36,5%)
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• Sistemas de registo e monitorização


• Plano anual de monitorização 


• Atendimento de reclamações dos clientes


• Responsabilidade perante o cliente 


independentemente da origem do problema


RQS - RESPONSABILIDADE DAS 
ENTIDADES DO SEP
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1 - As entidades com instalações fisicamente ligadas ao SEP 


são responsáveis pelas perturbações por si causadas no 


funcionamento das redes SEP ou nos equipamentos de outros 


clientes, cabendo-lhes o pagamento dos prejuízos.


2 - A entidade concessionária da RNT e os distribuidores 


vinculados devem manter vigilância sobre a evolução das 


perturbações nas respectivas redes, podendo aconselhar os 


produtores e os clientes sobre a melhor forma de limitar, ao 


nível permitido, as perturbações emitidas.


(Artigo 10.º do RQS)


RQS - RESPONSABILIDADE DE ENTIDADES 
EXTERIORES AO SEP
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• As instalações dos clientes não devem produzir 


perturbações na rede do SEP que excedam os padrões 


estabelecidos para os indicadores de qualidade de serviço 


definidos no RQS ou que excedam o estabelecido nos 


contratos de fornecimento de energia eléctrica.


• A entidade do SEP responsável … pode interromper o 


serviço prestado quando a gravidade da situação o 


justifique ou quando o cliente não elimine, nos prazos ... as 


causas das perturbações emitidas …


RQS - OBRIGAÇÕES DOS CLIENTES
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RQS - Continuidade de serviço


O fornecimento de energia pode ser 


interrompido por:


– Casos fortuitos ou de força maior


– Razões de interesse público


– Razões de serviço


– Razões de segurança


– Acordo com o cliente


– Facto imputável ao cliente
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RQS - Indicadores gerais (RNT)


• Energia não fornecida (ENF), em MWh;


• Tempo de interrupção equivalente (TIE), em 


minutos;


• Frequência média de interrupções do sistema 


(SAIFI);


• Duração média de interrupções do sistema 


(SAIDI), em minutos;


• Tempo médio de reposição de serviço do sistema 


(SAIRI), em minutos.
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RQS - Indicadores gerais (DIS)


• Média tensão


– Tempo de interrupção equivalente da potência instalada 


(TIEPI), em horas ano;


– Frequência média de interrupções do sistema (SAIFI);


– Duração média das interrupções do sistema (SAIDI), 


em minutos;


– Energia não distribuída (END), em MWh.


• Baixa tensão


– Frequência média de interrupções do sistema (SAIFI);


– Duração média das interrupções do sistema (SAIDI), 


em minutos;
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RQS - Padrões para redes MT


Indicadores Zonas


Geográficas


Valores


máximos


TIEPI (Horas)


A


B


C


2


4


12


SAIFI (Num.)


A


B


C


3


6


9


SAIDI (Horas)


A


B


C


3


5


12
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RQS - Padrões para redes BT


Indicadores Zonas


Geográficas


Valores


máximos


SAIFI (Num.)


A


B


C


3


6


9


SAIDI (Horas)


A


B


C


4


8


14
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RQS - Padrões para Indicadores Individuais


Número de interrupções por ano


Duração total das interrupções (horas por ano)


AT MT BT
Zona A 4 6


Zona B 4 8 10


Zona C 16 20


AT MT BT
Zona A 8 12


Zona B 8 18 23


Zona C 30 36
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RQS - Qualidade da onda de tensão


Características da tensão


• em BT e MT, o disposto na Norma NP EN 


50160


• em AT e MAT, o disposto em Norma 


Complementar a aprovar nos termos do 


artigo 59º
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RQS - Disposições de natureza comercial
(Capítulo V)


• Atendimento


• Informação a clientes


• Clientes com necessidades especiais


• indicadores gerais e avaliação da satisfação 


dos clientes


• Qualidade individual
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RQS - Relatórios da qualidade de serviço
(Capítulo VI)


• A entidade concessionária da RNT e os 


distribuidores vinculados devem elaborar 


anualmente o respectivo relatório da qualidade de 


serviço


• A elaboração dos relatórios deve ocorrer até ao 


final do mês de Abril do ano seguinte a que se 


referem


• Publicar até ao final do mês de Maio e enviar à


DGE e à ERSE e do público em geral
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RQS - Compensações
Ultrapassar o número de interrupções


CN = [(NI - NIP)] x FC


CN = valor da compensação, em euros


NI = número de interrupções longas


NIP = valor padrão do número de interrupções longas


FC = factor de compensação com os seguintes valores


1 euro BT <= 20,7 kVA


5 euros BT > 20,7 kVA


20 euros MT


100 euros AT
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RQS - Compensações
Ultrapassar a duração das interrupções


CD = [(DI - DIP)] x PCx FC


CD = valor da compensação, em Euros


DI = duração total das interrupções longas reportada ao último ano civil


DIP = valor padrão da duração  das interrupções longas


Pc = valor médio da potência contratada  durante o último ano civil em kW


FC = factor de compensação com os seguintes valores


0,35 Euros BTN


0,30 Euros BTE


0,28 Euros MT


0,16 Euros AT e MAT
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RQS - Pagamento das Compensações


• Sempre que houver lugar a pagamento de uma 
compensação,o distribuidor deve proceder ao 
crédito de modo automático do valor da 
compensação.


• Devem ser efectuados na facturação d primeiro 
trimestre seguinte ao do ano civil a que a 
compensação se reporta.


• Sempre que o montante for inferior a �2,50 para 
BT ou a �5,00 para restantes consumidores, 
reverte para um fundo de reforço dos 
investimentos para melhoria de qualidade.
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Alterações introduzidas pelo RQS 2003


• Alargamento das zonas onde os padrões de qualidade de 


serviço são mais exigentes;


• Aumento da exigência dos padrões de qualidade de serviço 


técnico e comercial;


• Adopção da filosofia de pagamento automático de 


compensações devidas por incumprimento do RQS;


• Compensações aos clientes a pagar em média mais 


elevadas;


• Constituição de Fundo para investimento na melhoria da 


qualidade de serviço.
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O impacto dos problemas de qualidade da energia em 


instalações eléctricas. 
 


O caso particular das cavas, conteúdos harmónicos e sobretensões 


 
 
 


QEnergia 
Pctª Cesário Verde nº 10 sub/cav 


2745 – 740 – Massamá 
Tel – 214 307 373 
Fax – 214 300 804 


 
 


www.qenergia.pt 
 
 
 


 
1 . Apresentação da QEnergia 
 
A QEnergia é um novo projecto que nasce a partir da experiência da Infocontrol nas áreas da 
qualidade da energia, gestão de energia e automação.  
 
A crescente complexidade das instalações eléctricas trazem-nos novos problemas e novas 
metodologias de análise. Falamos constantemente de falhas originadas por harmónicas, por micro 
cortes, por sobretensões para as quais temos que implementar novas soluções. 
 
Por outro lado, a pressão para a redução de custos de produção e exploração torna indispensável 
olhar para a factura de energia eléctrica de uma forma atenta para procurar e eliminar todas as 
ineficiências. Novas metodologias são necessárias para a gestão de energia, principalmente agora que 
o processo de liberalização do mercado abre novas oportunidades, mas também novos riscos. 
 
A QEnergia é uma empresa especialista neste domínio e assenta a sua oferta em sete actividades 
básicas: 
 


1. Equipamentos para verificação da Qualidade da Energia e da onda de tensão. 
2. Equipamentos para verificação de instalações eléctricas 
3. Equipamentos para medidas eléctricas e gestão de energia 
4. Sistemas integrados para qualidade e gestão de energia 
5. Inspecções, auditorias e consultoria na Qualidade da Energia, na Qualidade das Instalações e 


Gestão de energia 
6. Soluções reparadoras para perturbações em sistemas de energia. 
7. Formação 
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A QEnergia baseia a sua actividade na excelência do serviço, na competência dos seu técnicos e na 


alta qualidade dos produtos que promove. 
 
Uma vasta experiência na instalação de centenas de equipamentos para verificação da qualidade da 
energia e da onda de tensão, aliada a uma intensa actividade na auditoria e consultoria em instalações 
eléctricas, permite-nos ter hoje uma visão muito clara dos problemas causados pelas perturbações 
em sistemas de energia. Este artigo reflecte a opinião do autor relativamente às perturbações 
consideradas relevantes. A proposta de soluções reparadoras para estes problemas é, neste 
momento, uma actividade em pleno desenvolvimento na QEnergia, embora a sua descrição não 
caiba no âmbito deste artigo. 
 
2. Um novo conceito – A qualidade da energia 
 
O conceito Qualidade da Energia é novo e está indiscutivelmente ligado à nova realidade que se vive 
no sector eléctrico. 
 
Durante dezenas de anos a actividade de produção, transporte e distribuição de energia eléctrica 
esteve nos diferentes países Europeus concentrada num núcleo restrito de empresas, a maior parte 
delas com uma forte participação de capitais públicos. 
 
Características específicas deste sector tornaram lógica esta realidade. É uma indústria de capital 
intensivo, com centros produtores deslocados dos consumidores e com uma componente 
considerada estratégica para o desenvolvimento do país. A componente de serviço público foi 
sempre muito vincada. Todos nos lembramos do objectivo estratégico estabelecido nos anos 80 que 
era a electrificação do país. A prioridade era fazer chegar a energia eléctrica às aldeias mais 
recônditas, colocando claramente em segundo plano a amortização dos investimentos efectuados. 
 
A inexistência de concorrência era outra das características deste sector em praticamente toda a 
Europa. As tarifas eram fixadas por despacho e válidas para períodos pré determinados, tipicamente 
um ano. 
 
Em 1992 as directivas traçadas pela União Europeia, vieram mudar significativamente este cenário, 
introduzindo e calendarizando um processo de liberalização para ser levado a cabo em todos os 
países da União. Os objectivos deste processo foram então claramente enunciados e podem ser 
resumidos nos seguintes pontos: 
 


o Estimular a concorrência, o que originaria uma redução dos custos de energia, tornando 
ainda mais transparentes as relações entre produtores, distribuidores e consumidores. 


o Permitir ganhos de competitividade à indústria Europeia, que se encontrava em 
desvantagem relativamente às empresas Americanas ou do Sudeste Asiático que 
beneficiavam de custos de energia mais baixos. 


o Reduzir as ineficiências das empresas do sector eléctrico, permitindo estabelecer critérios e 
rácios que tornassem comparáveis empresas Europeias de características similares, 
permitindo desta forma uma gestão mais eficiente. 


 
As consequências do processo de liberalização fazem-se sentir em múltiplos aspectos. A alteração do 
quadro normativo é obviamente um desses aspectos, impondo previamente um conjunto de regras e 
definições que possam ser utilizadas por todos. Tornou-se indispensável a adopção de uma 
linguagem uniforme, não ambígua relativamente ao que se fornece e aos intervenientes no processo. 
 
A definição do produto Electricidade merece uma atenção especial. É um produto de características 
diferentes daquelas que normalmente associamos a bem de consumo. 
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É um produto que não pode ser armazenado1, isto é, é produzido na exacta medida em que é 
consumido. Os desvios aos 50 hz na frequência da rede atestam precisamente o equilíbrio a que se 
chegou  entre a produção e o consumo.   
 
Os critérios que definem a qualidade deste produto dificilmente são critérios uniformes. Para um 
utilizador doméstico a qualidade mede-se fundamentalmente de uma forma empírica, usando  a 
maior parte das vezes a iluminação  como instrumento de análise. Há luz ou não há luz, dizemos 
muitas vezes. Para um utilizador industrial, para um hospital ou para um grande edifício do sector 
terciário os critérios que definem a qualidade são completamente diferentes. Múltiplas perturbações 
implicam funcionamentos incorrectos de diferentes equipamentos, pelo que se torna indispensável 
caracterizar e definir essas perturbações. 
 
Outra das características particulares do produto electricidade é a possibilidade de o consumidor 
receber  este bem ao mesmo tempo que o degrada, contribuindo simultaneamente para  degradar a 
“electricidade” recebida pelos seus vizinhos. 
 
A rede de distribuição tem um forte impacto na qualidade. A qualidade na produção é quase sempre 
muito uniforme  e praticamente todas as perturbações sentidas pelos consumidores têm origem em 
acidentes ou incidentes na rede de distribuição. Muitos destes incidentes têm origens em eventos 
imprevisíveis tais como descargas atmosféricas, curto circuitos provocados por aves, incêndios 
florestais, entre muitas outras causas, e não há meios técnicos para evitar as suas consequências. 
 
A definição do que é a qualidade da electricidade, ou melhor da Qualidade da Energia (tradução da 
expressão Power Quality) foi objecto de uma norma Europeia, a EN 50160. Veremos que o termo 
Qualidade da Energia não é apropriado quando se fala nesta norma. De facto seria mais rigoroso 
falar de qualidade da onda de tensão. No entanto para análise do impacto dos problemas de 
qualidade em instalações eléctricas  é muito importante ir além do estudo da qualidade da onda de 
tensão como pretendo demonstrar neste artigo 
 
A EN 50160 já tem uma tradução Portuguesa, a NP EN 50160, editada pelo IPQ em 1996.  Utilizo 
neste artigo as definições e os conceitos introduzidos nesta norma. 
 


 


3. A NP EN 50160 
 


Esta norma descreve as características principais, no ponto de entrega ao cliente, da tensão de 
alimentação por uma rede de distribuição pública em baixa ou média tensão, em condições de 
exploração normais.  
 
Se bem que o impacto da existência da norma seja reduzido, porque ela se cumpre praticamente em 
todo o país, a definição de um conjunto de grandezas e simultaneamente a caracterização de um 
conjunto de perturbações, é uma mais valia muito significativa. Vamos ver com mais detalhe um 
conjunto de definições introduzidas neste documento. 
 


Características da tensão de alimentação 
 


o “Frequência - Deve ser igual a 50 Hz. Em condições normais o valor médio medido em 
intervalos de 10m deve estar: 


                                                 
1
 A possibilidade de armazenar electricidade tem sido um sonho de sucessivas gerações mas os resultados tem sido 


muito modestos. As formas clássicas de armazenamento passam quase exclusivamente pela utilização de baterias 


obviamente limitadas  na quantidade de energia que podem armazenar. No entanto, novas tecnologias estão já dis-


poníveis, o que nos faz antever um futuro diferente. Os super condensadores, as “fly wheels”, os supercondutores 


são novas ferramentas que prometem revolucionar o conceito do que é o armazenamento da electricidade.   
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Entre 49,5 e 50,5 Hz durante 95% de uma semana 
Entre 47 e 52 Hz durante 100% de uma semana 


 
o Tensão nominal – Un = 230V entre fase e neutro (BT) 


 
o Variação da tensão de alimentação – Não considerando as interrupções, 95% dos valores 


eficazes médios de 10 min para cada período de uma semana devem situar-se na gama Un ± 
10% 


 
o Severidade da tremulação (flicker) – Para qualquer período de uma semana, a severidade de 


longa duração deve ser Plt < 1 durante 95% do tempo  


Em que Pst é a severidade da tremulação de curta duração medida num período de 10 min  
 


o Desequilíbrio das tensões de alimentação – Para cada período de uma semana 95% dos 
valores eficazes médios de 10 min da componente inversa das tensões, não devem 
ultrapassar 2% da correspondente componente directa. 


 
o Tensão harmónica – Tensão sinusoidal cuja frequência é um múltiplo inteiro da frequência 


fundamental da tensão de alimentação. A taxa de distorção harmónica 


não deve ultrapassar 8%em 95 % dos períodos de 10 minutos 
 


o Tensão Interharmónica – tensão sinusoidal cuja frequência não é um múltiplo inteiro da 
fundamental” 


 
O cumprimento da norma é verificado quando todos os valores se encontram no intervalo de 
confiança de 95%. Tomemos um exemplo: 
 


Lemos o valor eficaz da tensão de alimentação durante 10 minutos. Calculamos o valor 
médio durante esses 10 minutos. Determinamos o conjunto de valores médios de 1008 
períodos (uma semana) de 10 minutos consecutivos. Se 95% desses valores estiverem 
compreendidos numa banda de Un ± 10%, então verifica-se o cumprimento da norma. 
 


Actualmente, o Regulamento da Qualidade de Serviço impõe que o distribuidor  verifique 
anualmente o cumprimento desta norma em diversos pontos do país, fornecendo esses dados à 
Entidade Reguladora. 
 
O cumprimento da norma não é uma garantia que o utilizador final de energia eléctrica não vai ter 
nenhum tipo de problemas. Há um conjunto de perturbações que normalmente acontecem, que são 
imprevisíveis e impossíveis de evitar. Esse conjunto de perturbações é definido da seguinte forma: 
 


o “Cava – Abaixamento do valor eficaz da tensão de alimentação para: 
Um valor situado entre 90% e 1% de Uc durante um período entre 10ms e 1 min 


 
o Interrupção da alimentação – Variação de tensão para menos de 1% de Uc 


Interrupção curta  < 3 min – defeito transitório 
Interrupção longa  > 3 min – defeito permanente 


3


12


1i


3


st


lt 12
PP ∑


=


=


∑
=


=
40


2


2


h
hUTHD







O impacto dos problemas de qualidade da energia em instalações eléctricas.         Ciclo palestras Ordem Engenheiros 2001 
 


 


 


www.qenergia.pt    5 


 
o Sobretensões temporárias – entre condutores activos e a terra  


Exemplo a falta de neutro de uma instalação  
 


o Sobretensões transitórias – entre condutores activos e a terra  
Origem – Manobras de comutação e descargas atmosféricas.” 


 
Dada a aleatoriedade dos fenómenos que originam as perturbações, a norma não define o que é 
cumprimento ou não cumprimento para as cavas e para a sobretensões. Limita-se a referir valores 
típicos e as origens destes fenómenos. Compete aos utilizadores de energia munirem-se dos meios 
técnicos necessários que garantam a imunidade das suas instalações a este tipo de eventos. 
 
Como a NP EN 50160 se refere exclusivamente à tensão, não há nenhuma referência às harmónicas 
de corrente. Não são indicados valores típicos, nem se referem as consequências para a instalação ou 
para o equipamento de um elevado conteúdo harmónico na corrente. 
 
O utilizador de energia é confrontado regularmente com um conjunto de perturbações que afectam 
a actividade produtiva. A norma ajuda-nos a definir e caracterizar essas perturbações. Mas não nos 
responde a um conjunto de perguntas que se colocam no dia a dia: 
  


o Qual é o impacto das perturbações nas instalações eléctricas? 
o Quais são as perturbações relevantes e prováveis? 
o Que prioridade dar à implementação de sistemas de monitorização da qualidade da energia e 


da onda de tensão?  
 
Estas perguntas não têm uma resposta fácil, ou sequer uma única resposta. A monitorização da 
qualidade da energia e da onda de tensão em instalações é uma ferramenta muito útil que nos 
permite ganhar experiência na avaliação do impacto das perturbações em sistemas de energia. 
 
É precisamente essa experiência que nos permite identificar aquilo que consideramos as 
perturbações relevante e prováveis e que estão descritas no próximo capítulo. 
 
 


4. Perturbações relevantes em instalações eléctricas 
 
A actividade da QEnergia na área da consultoria e auditoria tem permitido construir uma base de 
dados de perturbações com um elevado conjunto de eventos. A correlação entre essas perturbações 
e os seus impactos na actividade produtiva permitiu-nos identificar aquilo que é relevante. 
 
As perturbações em sistemas de energia com impacto na actividade produtiva e impacto nas 
instalações eléctricas são: 
 


o Interrupções da alimentação. 
o Cavas 
o Sobretensões transitórias 
o Harmónicas de Corrente 
o Harmónicas de Tensão. 


 
Vamos ver com mais detalhe cada uma destas perturbações. 
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4.1. – Interrupções da alimentação 
 
Não há nenhum tipo de discussão sobre o impacto das interrupções da alimentação numa instalação 
eléctrica. A gravidade deste acontecimento varia consoante a actividade produtiva ou o sistema 
alimentado. Se tivermos em conta que a energia eléctrica é muitas vezes a forma de energia utilizada 
por sistemas de apoio à vida, é obvio que os prejuízos decorrentes das interrupções medem-se muita 
além dos prejuízos ou danos materiais. 
 
Desde sempre os projectistas de instalações eléctricas lidaram com este problema e há inúmeras 
soluções disponíveis. Os sistemas electrónicos são hoje alimentados a partir de UPS’s que asseguram 
a continuidade da alimentação nos instantes decorrentes a uma interrupção. Se se justificar grupos 
geradores asseguram para os circuitos prioritários a fornecimento de energia. 
 
Não cabe no âmbito deste artigo a descrição das origens deste problema e das suas soluções  Vamos 
antes concentrar-nos nas perturbações que até há poucos anos eram consideradas pouco relevantes 
e para as quais as soluções reparadoras estão menos divulgadas. 
 
4.2. - Cavas 
 
4.2.1 – Origem das cavas 
 
As cavas são descritas como variações no valor eficaz da tensão para valores entre 90% e 1% da 
tensão declarada por períodos entre 10mseg e 1 min. Não está estabelecido o número típico de cavas 
numa instalação, embora se admita como altamente provável esperar um número de cavas entre as 
dezenas e um milhar por ano. Note-se que as cavas  são a definição de um fenómeno que muitas 
vezes descrevemos como micro cortes. 
 
A origem das cavas é muito diversificada. Por exemplo é bem conhecido o fenómeno da variação de 
tensão provocada pelo arranque de um motor de potência muito elevada. Este fenómeno é bem 
conhecido e tem sido ultrapassado com a separação de circuitos e a colocação de transformadores 
dedicados ao arranque de motores de potência elevada. 
 
A maior parte das cavas têm origem em fenómenos no exterior das instalações. Vejamos o seguinte 
exemplo: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figura 1 – Origem de uma cava 


Consumidor 1


Consumidor 2


Consumidor 1


Consumidor 2


A 
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O consumidor 1 e o consumidor 2 são alimentados por uma rede de média tensão construída em 
anel, tal como está representado na figura. 
 
Num dado momento há um defeito no ponto A . As origens desse defeito podem ser muito 
variadas; um isolador que se parte, uma ave que provoca o contornamento do isolador, uma árvore 
que toca na linha, um incêndio que diminui a rigidez dieléctrica do ar, uma descarga atmosférica são 
causas possíveis para eventos deste tipo. Aliás, existem estatísticas que dão conta do número de 
incidentes deste tipo existem nas redes eléctricas. 
 
No ponto A no momento do defeito a tensão fase/terra passa a 0. Como a impedância da linha 
entre o ponto de defeito e os consumidores não é nula a tensão nestes decresce mas não se anula. 
 
4.2.2 – Caracterização das cavas 
 
Mostramos a seguir um exemplo medido numa instalação no centro de país no passado dia 5 de 
Dezembro de 2001; 


Figura 2 – Valor instantâneo da tensão registada na fase T em 5 de dezembro de 2001 às 3h 07 m 
 


 
Figura 3 – Valor eficaz da tensão na fase T registada no dia 5 de Dezembro de 2001 às 3h 07m 
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A duração desta cava é de cerca de 110 mseg, e o valor extremo atingido foi de 73V ou seja 31,7% 
da tensão declarada. É interessante verificar que a cava foi sentida nas três fases mas com graus 
diferentes (ver figura 4) 


Figura 4 – Valor eficaz da tensão nas três fases 
 
Este tipo de cava é muito frequente. Por exemplo, na campanha de medidas onde recolhemos estes 
dados foram registadas 8 cavas em cerca de duas semanas. 
 
Nem todas as cavas são igualmente perturbadoras. Quando se faz um estudo deste tipo é 
indispensável aferir o grau de sensibilidade de uma instalação. Os equipamentos de medida que 
instalamos e com o qual fizemos estas medidas (TOPAS 1000 da LEM) dão-nos uma boa ajuda com 
a análise CBEMA (ver figura 5) 
 


Figura 5 – Curva CBEMA do conjunto de cavas registado na campanha de medidas 
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Esta é a imagem gráfica daquilo que pode ser entendido como um estudo da sensibilidade da 
instalação. Nas ordenadas, temos a descrição dos valores atingidos pelas cavas (valor eficaz em 
percentagem da tensão declarada). Nas abcissas a duração dos eventos. 
 
As linhas vermelhas indicam-nos o limite de imunidade estabelecido para um conjunto de 
equipamentos segundo uma definição feita pela “Computers Business Equipment Manufacturers 
Association” (CBEMA). Isto é, os eventos cuja descrição caiba dentro da envolvente definida pelas 
linhas vermelhas não são perturbadores2 
 
Assim é possível determinar as cavas perturbadoras típicas numa instalação. Repare-se que uma 
instalação “sofre” um conjunto de cavas que pode estatisticamente ser representado em função da 
profundidade e da duração. 
 
4.2.3 – Sensibilidade dos equipamento face às cavas 
 
A sensibilidade de equipamentos eléctricos e electrónicos face a cavas está descrita em muita 
literatura, e sintetizada de uma forma muito clara no Electrical Power Systems Quality, Dugan et al, 
McGraw-Hill, NY, 1996. Vejamos alguns exemplos: 
 
 Os contactores são tipicamente sensíveis a cavas < 50% de Uc  durante mais de 100 mseg. 
 Os Field Bus são tipicamente sensíveis a cavas < 80% de Uc durante 40 mseg 


Os variadores de velocidade (potência >25KW) são sensíveis a cavas < 90% de Uc durante 
60 mseg 


  
Esta lista é muito grande. Para qualquer equipamento electrónico é possível estabelecer esta relação. 
Como hoje em dia qualquer instalação industrial está suportada por equipamentos electrónicos, é 
possível avaliar o enorme impacto que estes eventos têm na actividade produtiva. 
 
4.2.4 – Medidas a tomar – Implementação de tecnologias reparadoras 
 
A partir do diagnóstico do problema é possível estabelecer a estratégia para resolver o problema. 
 
Raramente a abordagem se faz de forma a garantir 100% de imunidade. Esta lógica não é racional e 
conduz a investimentos desajustados, normalmente demasiado pesados para os benefícios obtidos. 
 
A abordagem que recomendamos passa por uma análise estatística das cavas a que a instalação está 
sujeita (ver figura 6). Propomos uma estratégia em 5 passos: 
 
 1 - Determinamos as cavas típicas na nossa instalação 


Na figura 6 temos desenhado aquilo que pode ser uma distribuição estatística do 
conjunto de cavas de uma instalação. O numero de cavas que atinge valores abaixo de  
80% de Uc é cerca de 50%. Só em 20% das cavas a tensão desceu abaixo dos 65% de 
Uc 


2 – Correlacionamos cavas com acontecimentos tais como paragens de máquinas ou outros 
erros 


 3 – Para 80% das cavas perturbadoras determinar as tecnologias reparadoras necessárias. 


                                                 
2
 Os limites definidos pela curva CBEMA não são aceites sem críticas. Esta curva foi desenhada nos anos 70 para 


equipamentos electrónicos tais como PC’s. Hoje em dia a sensibilidade de um vasto número de equipamentos 


aumentou, pelo que os valores originais definidos na curva CBEMA estão postos em causa. Na campanha de 


medidas onde recolhemos estes dados registámos precisamente eventos dentro da envolvente que provocaram 


paragens em equipamentos CNC. O equipamento de mediada que utilizamos permite-nos alterar os parâmetros 


originais da curva CBEMA e adequa-los a cada instalação de forma a ter uma análise rápida dos eventos 


perturbadores em campanhas futuras. 
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 4 – Orçamento compatível? Executar 
5 – Orçamento não compatível? Refazer os cálculos para 60% das cavas. Orçamentar e 
executar  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figura 6 – Probabilidade acumulada de cavas numa instalação 
 
 
4.3. Sobretensões transitórias 
 
As sobretensões são uma das causas mais frequentes para avarias em equipamento electrónico. Os 
recentes desenvolvimentos tecnológicos têm conduzido a uma miniaturização dos equipamentos 
com a redução óbvia das resistências de isolamento. Cada vez mais os equipamentos estão mais 
sensíveis, e cada vez mais dependemos de equipamento sensível. 
 
As origens das sobretensões são bem conhecidas. Fundamentalmente têm origem em manobras de 
comutação ou descargas atmosféricas. 
 
4.3.1 – Manobras de comutação 
 
As manobras de comutação que mais frequentemente originam sobretensões são a comutação de 
baterias de condensadores. Na figura 7 está o registo que obtivemos numa unidade industrial no 
barramento do QGBT. A sobretensão aqui desenhada é fruto de uma comutação de baterias de 
condensadores que estavam colocados acerca de 15m do local onde efectuamos as medidas. 
 
Neste caso registámos uma sobretensão não muito elevada (cerca de 150 V), e uma oscilação da 
tensão com uma frequência próxima de 1 Khz.. Neste caso são os próprios condensadores que mais 
sofrem com a redução da sua impedância interna. (este assunto será debatido com mais detalhe 
quando nos referirmos às harmónicas de tensão) 
 
Muitas vezes as soluções para resolver este problema são muito simples. Basta rompermos a 
condição de ressonância e introduzir no circuito em série coma bateria de condensadores uma 
pequena impedãncia. 
 
Muitas vezes é conveniente colocar dispositivos de protecção contra sobretensões de forma e evitar 
o envelhecimento prematuro dos componentes electrónicos. 
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Figura 7 – Variação da tensão na sequência da comutação de uma bateria de condensadores 
 
4.3.2 – Descargas atmosféricas 
 
As descargas atmosféricas são um fenómeno não muito frequente em Portugal, mas suficientemente 
espectacular para nos infundir temor e respeito. 
 
O número de equipamentos electrónicos que anualmente se danificam por causa das descargas 
atmosféricas é muito elevado. Todos nós conhecemos casos em que se puderam contabilizar  


prejuízos muito elevados. 
 
As descargas atmosféricas 
podem “atingir uma instalação 
de diferentes maneiras. A figura 
8 pretende mostrar como 
 
 
 
 
 
 
 
 
 
 


 
 
 


Figura 8 –  Descargas atmosféricas numa instalação 
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As descargas atmosféricas podem atingir uma instalação de variadas formas. Podem atingir as linhas 
de alimentação de energia, a zona dos transformadores, os cabos de distribuição de energia ou de 
comunicação, as massas metálicas ou os para raios, ou ainda atingir uma qualquer estrutura na 
vizinhança da instalação. Em todos estes fenómenos a elevação do potencial entre fase e terra 
envolve normalmente energias significativas que são responsáveis por danos em equipamento 
electrónico. 
 
 
Na figura 9 está um registo obtido numa instalação de telecomunicações  de uma descarga 
atmosférica que caiu a algumas centenas de metros do local do registo. A medida estava a ser feita 
simultaneamente em modo diferencial e em modo comum e podemos verificar que a sobretensão se 
verifica exclusivamente em modo comum.  


 
Figura 9 – Registo em modo diferencial (imagem superior) e em modo comum de uma sobretensão originada por uma 


descarga atmosférica 
 
 


Proteger as instalações contra sobretensões, nomeadamente descargas atmosféricas passa pela 
definição de um conjunto de procedimentos em conjunto com a instalação de algum equipamento: 
 


1 -  Ligação à terra de protecção de todas as massas metálicas Criação de uma malha 
equipotencial 
2 – Ligação à malha de terra com cabos curtos – Reduzir as quedas de tensão resultantes da 
circulação de corrente nas reactãncias dos cabos 
3 – Instalação de dispositivos de protecção contra sobretensões 
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4.4 Harmónicas de corrente 
 
A utilização intensiva de cargas não lineares é generalizada nas instalações modernas. Um edifício de 
escritórios ou comércio apresenta tem hoje em dia mais de 60% de cargas não lineares. Em muitas 
indústrias as cargas não lineares representam mais de 45% da carga total. Mas o que é uma carga não 
linear? 
 
Na figura 10 mostramos a representação gráfica da corrente absorvida por uma carga não linear 
neste caso, um computador. 


Figura 10 – Forma de onda da corrente absorvida por um computador 


 
Na figura 11 mostramos a análise harmónica desta medida 
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Figura 11- Espectro da corrente absorvida por um computador 
Repare-se que a 3ª harmónica representa cerca de 90% da  fundamental, a 5ª harmónica cerca de 
70%, a 7ª cerca de  50%, a 9ª cerca de 30%.  
 
Repare-se que as cargas que hoje instalamos são sempre cargas similares a computadores, isto é são 
quase sempre fontes de alimentação comutadas. Computadores, balastros electrónicos, variadortes 
de velocidade, etc. 
 
Qual é o impacto nas instalações deste tipo de procedimento? Será que nos nossos projectos isto é 
tomado em devida conta? 
 
Numa instalação de escritórios tentamos equilibrar as cargas pelas três fases. 
 


Figura 12 – Corrente num sistema trifásico equilibrado 
 
Esperamos que a corrente que circula no neutro é nula. E por isso dimensionamos tipicamente a 
secção do condutor de neutro com metade da secção das fases. 
 
Vamos imaginar agora que continuamos num sistema trifásico equilibrado, mas estamos na presença 
da 3ª harmónica (e só a 3ª )  
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Figura 13 – 3ª harmónica da fase R  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figura 14 – 3ª harmónica da fase S  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figura 15 – 3ª harmónica da fase T  
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Figura 16 – Valor instantâneo da corrente nas fases e no neutro e respectivo valor eficaz A preto o valor eficaz da 
corrente no neutro, e a azul valor eficaz da corrente na fase R 


 
Verificamos que soma das 3ªs harmónicas agora não se anula porque estão em fase. Nest e exemplo a 
corrente no neutro resulta superior à corrente nas fases. Note que a frequência da corrente no 
neutro é 150 Hz. 
 
Ora o nosso regulamento (e também a prática electrotécnica) recomenda usar no neutro secções 
inferiores às secções nas fases. O risco deste procedimento é neste momento muito grande. 
 


Consequências: 
 
A presença de harmónicas múltiplas de 3 conduz-nos a uma corrente no neutro muito superior à 
esperada, e em muitos casos superior à corrente nas fases. Especial cuidado merecem aplicações 
com cabos longos onde L é relevante porque neste caso a queda de tensão na reactância pode 
assumir valores significativos 
 
Quando estamos na presença de regimes TN o problema pode ter outras implicações pela circulação 
em regime permanente de correntes elevadas nos condutores de protecção, destruindo as 
equipotencialidades e provocando aquecimentos não esperados. 
 
Nos tranformadores dimensionados em função da potência aparente, a presença de harmónicas 
resulta num valor eficaz superior ao nominal  As correntes de Foucault que resultam da 
magnetização do transformador originam perdas que são proporcionais ao quadrado da frequência. 
 
As soluções para diminuir o impacto das harmónicas de corrente nas isntalações, passam pela 
instalação de filtros adequados, nomeadamente filtros homopolares, que impeçam a circulação de 
elevadas correntes no neutro. 
 
Se estivermos em fase de projecto, a alteração do esquema de ligações do transformador para um 
esquema com elevada impedância homopolar pode ser uma alternativa viável. 
 
A QEnergia é uma empresa especialista neste domínio e oferece um conjunto de soluções que 
respondem às necessidades dos seus clientes, quer fornecendo equipamento, quer através da 
actividade de consultoria.   
 
4.5 – Harmónicas de tensão 
As cargas não lineares geram harmónicas de corrente. Como é que aparecem as harmónicas de 
tensão? 
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Figura 17 – “geração” das harmónicas de tensão 
 
 
As Harmónicas de tensão são o resultado do produto da corrente harmónica vezes a impedância 
Harmónica. Se pretendermos reduzir as harmónicas de tensão, uma das maneiras possíveis é reduzir 
a impedância harmónica a montante. 
 
As harmónicas de tensão têm impacto em muitos equipamentos: 
 Impacto nos motores: 


•As harmónicas de tensão originam perdas suplementares (devido às correntes de 
Foulcaut) que diminuem a eficiência dos motores. 
•As harmónicas de tensão induzem harmónicas de corrente nos rotores dos 


motores que produzem binários pulsantes responsáveis por vibração das máquinas 


 Impacto nos condensadores 
•A presença de harmónicas de tensão faz circular nos circuitos com condensadores 
correntes superiores à corrente nominal porque 


•Não deve ser desprezado o efeito amplificador que os circuitos ressonantes LC têm 
muitas vezes. 


 
Na figura 18 mostramos um conjunto de registos efectuados numa unidade industrial . A 
amplificação da 11ª harmónica é muito evidente  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figura 18 – Espetro da tensão no quadro. Em cima sem conpensação do factor de potência 


fC2


1
X C π


=


0


1


2


3


4


5


6


7


8


9


10


0


1


2


3


4


5


6


7


8


9


10







O impacto dos problemas de qualidade da energia em instalações eléctricas.         Ciclo palestras Ordem Engenheiros 2001 
 


 


 


www.qenergia.pt    


18 


Em baixo expectro no mesmo local, mas com a bateria de compensação ligada 
 


 Impacto nos sistemas informáticos 
A presença de harmónicas de tensão aumenta os erros na transmissão de dados, 
reduzindo as velocidade de comunicação. Na indústria  os sinais de processo são 
afectados, originando medidas erradas e perturbando os sistemas de controlo de 
processo 


 
A resolução dos problemas originados pelas harmónicas de tensão é variada e depende de instalação 
para instalação 
 
Alguns procedimentos são recomendáveis: 
 
Alteração da impedância a montante – Impedir que as harmónicas de corrente gerem harmónicas de 
tensão 


1.Determinar as harmónicas de tensão em diferentes pontos da instalação 
2.Redimensionamento das reservas dos transformadores 
3.Redesenhar os sistemas de alimentação 
4.Separação de cargas poluentes das não poluentes 
5.Equipotencializar as malhas de protecção 


Esta metodologia é a mais simples, a mais económica e tem a enorme vantagem de terminado este 
estudo ficarmos a conhecer detalhadamente a instalação, as reservas de potência disponíveis e 
determinar prioridades de investimento na rede eléctrica 
 
A QEnergia dispõe de tecnologias reparadoras para a grande maioria dos problemas aqui 


relatados. O estudo preliminar e a instalação de equipamento de monitorização é na maior parte 


das vezes uma ferramenta adequada para procurar a melhor e a mais económica solução. A 


descrição das tecnologias reparadoras que utilizamos para fazer face às perturbações aqui 


descritas, faz parte do próximo artigo 
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Standard EN 50160 -
Voltage Characteristics of Public Distribution Systems


Introduction


Electrical energy is a product and, like any other product, should satisfy the proper quality requirements.  If
electrical equipment is to operate correctly, it requires electrical energy to be supplied at a voltage that is
within a specified range around the rated value.  A significant part of the equipment in use today, especially
electronic and computer devices, requires good power quality (PQ).  However, the same equipment often
causes distortion of the voltage supply in the installation, because of its non-linear characteristics, i.e. it
draws a non-sinusoidal current with a sinusoidal supply voltage (see Section 3.1 of this Guide).  Thus,
maintaining satisfactory PQ is a joint responsibility for the supplier and the electricity user.  According to
standard EN 50160 [1] the supplier is the party who provides electricity via a public distribution system, and
the user or customer is the purchaser of electricity from a supplier.  The user is entitled to receive a suitable
quality of power from the supplier.  In practice the level of PQ is a compromise between user and supplier.
Where the available PQ is not sufficient for the user’s needs, PQ improvement measures will be needed and
will be the subject of a cost-benefit analysis (see Section 2.5 of this Guide).  However, the cost of poor PQ
usually exceeds the cost of measures required for improvement - it is estimated that losses caused by poor
power quality cost EU industry and commerce about € 10 billion per annum (see Section 2.1 of this Guide).


However, electrical energy is a very specific product.  The possibility for storing electricity in any significant
quantity is very limited so it is consumed at the instant it is generated.  Measurement and evaluation of the
quality of the supplied power has to be made at the instant of its consumption.  The measurement of PQ is
complex, since the supplier and user, whose sensitive electrical equipment is also a source of disturbances,
have different perspectives.  


Standard IEC 038 [2] distinguishes two different voltages in electrical networks and installations:


supply voltage, which is  the line-to-line or line-to-neutral voltage at the point of common coupling,


i.e. main supplying point of installation


utility voltage, which is the line-to-line or line-to-neutral voltage at the plug or terminal of the


electrical device.


The main document dealing with requirements concerning the supplier’s side is standard EN 50160, which
characterises voltage parameters of electrical energy in public distribution systems.  This is a European
standard but it is supplemented in some regions or countries by other supplemental standards, such as [3]
in Germany, or [4] in Poland.  Many regional codes, such as the German TAB [3] apply to an individual
utility, but these are being unified as part of the liberalisation of the German electricity market.  According
to IEC 038, both standard EN 50160 and rules [3,4] concern the supply voltage, i.e. that measured at the
point of common coupling.


On the user’s side, it is the quality of power available to the user’s equipment that is important.  Correct
equipment operation requires the level of electromagnetic influence on equipment to be maintained below
certain limits.  Equipment is influenced by disturbances on the supply and by other equipment in the
installation, as well as itself influencing the supply.  These problems are summarised in the EN 61000 series
of EMC standards, in which limits of conducted disturbances are characterised.  Equipment sensitivity to
utility voltage quality, as well as mitigation measures, are presented in Section 3 (Harmonics) and Section 5
(Voltage Disturbances) of this Guide.


The subject of this section is a detailed presentation of standard EN 50160 and an analysis of its
requirements according to the operation of chosen equipment.  Methods of measuring supply voltage
parameters are also presented.


Voltage Disturbances
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Basic definitions of voltage parameters 


In standard EN 50160 several voltage parameters are defined.  The most important are:


Supply voltage – the rms value of the voltage at a given moment at the point of common coupling, measured
over a given time interval.


Nominal voltage of the system (Un) – the voltage by which a system is designated or identified and to which
certain operating characteristics are referred.


Declared supply voltage (Uc) – is normally the nominal voltage Un of the system.  If, by agreement between
the supplier and the user, a voltage different from the nominal voltage is applied to the terminal, then this
voltage is the declared supply voltage Uc.


Normal operating condition – the condition of meeting load demand, system switching and clearing faults
by automatic system protection in the absence of exceptional conditions due to external influences or
major events.


Voltage variation – is an increase or decrease of voltage, due to variation of the total load of the distribution
system or a part of it.


Flicker – impression of unsteadiness of visual sensation induced by a light stimulus, the luminance or
spectral distribution of which fluctuates with time.


Flicker severity – intensity of flicker annoyance defined by the UIE-IEC flicker measuring method and
evaluated by the following quantities:


Short term severity (Pst) measured over a period of ten minutes


Long term severity (Plt) calculated from a sequence of 12 Pst – values over a two-hour interval,
according to the following expression:


Supply voltage dip – a sudden reduction of the supply voltage to a value between 90% and 1% of the
declared voltage Uc, followed by a voltage recovery after a short period of time.  Conventionally the duration
of a voltage dip is between 10 ms and 1 minute.  The depth of a voltage dip is defined as the difference
between the minimum rms voltage during the voltage dip and the declared voltage.  Voltage changes which
do not reduce the supply voltage to less than 90% of the declared voltage Uc are not considered to be dips.


Supply interruption – is a condition in which the voltage at the supply terminals is lower than 1% of the
declared voltage Uc.  A supply interruption is classified as: 


prearranged in order to allow the execution of scheduled works on the distribution system, when
consumers are informed in advance


accidental, caused by permanent (a long interruption) or transient (a short interruption) faults,
mostly related to external events, equipment failures or interference.


Temporary power frequency overvoltages – have relatively long duration, usually of a few power frequency
periods, and originate mainly from switching operations or faults, e.g. sudden load reduction, or
disconnection of short circuits.


Transient overvoltages – are oscillatory or non-oscillatory, highly damped, short overvoltages with a
duration of a few milliseconds or less, originating from lightning or some switching operations, for example
at switch-off of an inductive current.


Harmonic voltage – a sinusoidal voltage with a frequency equal to an integer multiple of the fundamental
frequency of the supply voltage.  Harmonic voltages can be evaluated:


individually by their relative amplitude Uh related to the fundamental voltage U1, where h is the
order of the harmonic
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globally, usually by the total harmonic distortion factor THDU, calculated using the following
expression:


Interharmonic voltage – is a sinusoidal voltage with frequency between the harmonics, i.e. the frequency is
not an integer multiple of the fundamental.


Voltage unbalance – is a condition where the rms value of the phase voltages or the phase angles between
consecutive phases in a three-phase system are not equal.


Main requirements of EN 50160 


EN 50160 gives the main voltage parameters and their permissible deviation ranges at the customer’s point
of common coupling in public low voltage (LV) and medium voltage (MV) electricity distribution systems,
under normal operating conditions.  In this context, LV means that the phase to phase nominal rms voltage
does not exceed 1000 V and MV means that the phase-to-phase nominal rms value is between 1 kV and 35 kV. 


The comparison of the EN 50160 requirements with those of the EMC standards EN 61000, listed in Tables 1
and 2, show significant differences in various parameters.  There are two main reasons for these differences:


The EMC standards concern the utility voltage, according to IEC 038, while EN 50160 deals with the
supply voltage.  The differences between these voltages are due to voltage drops in the installation
and disturbances originating from the network and from other equipment supplied from the
installation.  Because of this, in many standards of the EN 61000 series the equipment current is an
important parameter, while the load current is not relevant to EN 50160.


EN 50160 gives only general limits, which are technically and economically possible for the supplier
to maintain in public distribution systems.  When more rigorous conditions are required, a
separate, detailed agreement between supplier and consumer must be negotiated.  Measures for
improving PQ imply additional cost and equipment, and are considered in other parts of this Guide.


EN 50160 has additional limitations.  It does not apply under abnormal operating conditions,
including the following:


conditions arising as a result of a fault or a temporary supply condition


in the event of the failure of a customer’s installation or equipment to comply with the relevant
standards or with the technical requirements for the connection of loads


in the event of the failure of a generator installation to comply with relevant standards or with the
technical requirements for interconnection with an electricity distribution system


in exceptional situations outside the electricity supplier’s control, in particular:


- exceptional weather conditions and other natural disasters


- third party interference


- actions of public authorities


- industrial action (subject to legal requirements)


- force majeure


- power shortages resulting from external events.


As the analysis of parameters presented in Table 1 shows, these requirements are not particularly rigorous for
the supplier.  The numerous situations in which the standard does not apply can excuse the majority of outages
and voltage disturbance events that occur in practice.  Thus, many suppliers interpret the requirements of
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No Parameter
Supply voltage characteristics


according to EN 50160


Low voltage characteristics according to
EMC standard EN 61000


EN 61000-2-2 Other parts


1 Power frequency LV, MV: mean value of fundamental
measured over 10 s
±1% (49.5 - 50.5 Hz) for 99.5% of week
-6%/+4% (47- 52 Hz) for 100% of week


2% 


2 Voltage magnitude
variations


LV, MV: ±10% for 95% of week,
mean 10 minutes rms values (Figure 1)


±10% applied for
15 minutes


3 Rapid voltage changes LV: 5% normal
10% infrequently
Plt ≤ 1 for 95% of week


MV: 4% normal
6% infrequently
Plt ≤ 1 for 95% of week


3% normal
8% infrequently
Pst < 1.0
Plt < 0.8


3% normal
4% maximum
Pst < 1.0
Plt < 0.65
(EN 61000-3-3)
3% (IEC 61000-2-12)


4 Supply voltage dips Majority: duration <1s, depth <60%.
Locally limited dips caused by load
switching on: 
LV: 10 - 50%, MV: 10 - 15% (Figure 1)


urban:
1 - 4 months


up to 30% for 10 ms
up to 60% for 100 ms
(EN 61000-6-1, 6-2)
up to 60% for 1000 ms
(EN 61000-6-2)


5 Short interruptions of
supply voltage


LV, MV: (up to 3 minutes)
few tens - few hundreds/year
Duration 70% of them < 1 s


95% reduction for 5 s
(EN 61000-6-1, 6-2)


6 Long interruption of
supply voltage


LV, MV: (longer than 3 minutes)
<10 - 50/year


7 Temporary, power
frequency
overvoltages 


LV: <1.5 kV rms


MV: 1.7 Uc (solid or impedance earth)
2.0 Uc (unearthed or resonant earth)


8 Transient overvoltages LV: generally < 6kV, 
occasionally higher; rise time: ms - µs.


MV: not defined


±2 kV, line-to-earth
±1 kV, line-to-line
1.2/50(8/20) Tr/Th µs
(EN 61000-6-1, 6-2)


9 Supply voltage
unbalance


LV, MV: up to 2% for 95% of week, mean
10 minutes rms values,
up to 3% in some locations


2% 2%
(IEC 61000-2-12)


10 Harmonic voltage LV, MV: see Table 2 6%-5th, 5%-7th, 
3.5%-11th, 
3%-13th,
THD <8%


5% 3rd, 6% 5th, 
5% 7th, 1.5% 9th,
3.5% 11th, 3% 13th,
0.3% 15th, 2% 17th


(EN 61000-3-2)


11 Interharmonic voltage LV, MV: under consideration 0.2%


Table 1 - Comparison of supply voltage requirements according to EN 50160
and the EMC standards EN 61000







EN 50160 as principally informative and accept no responsibility when the limits are exceeded.


On the other hand, the consumer’s point of view is usually totally different – they regard the limits given
in EN 50160 as requirements that must be guaranteed by the supplier.  However, as mentioned before,
for many consumers, even fulfilling the requirements given in EN 50160 does not assure a satisfactory
level of PQ.  In such cases the level of PQ required must be defined in a separate agreement between
supplier and consumer. 


Operation of equipment and requirements of EN 50160 
The correct operation of electrical equipment requires a supply voltage that is as close as possible to the
rated voltage.  Even relatively small deviations from the rated value can cause sub-optimal operation of
equipment, e.g. operation at reduced efficiency, or higher power consumption with additional losses and
shorter service life.  Sometimes prolonged deviations can cause operation of protection devices, resulting
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Figure 1 - Illustration of a voltage dip and a short supply interruption, classified according to
EN 50160; Un – nominal voltage of the supply system (rms), UA – amplitude of the supply


voltage, U(rms) – the actual rms value of the supply voltage


Odd harmonics Even harmonics


Not multiples of 3 Multiples of 3


Order h Relative voltage
(%)


Order h Relative voltage
(%)


Order h Relative voltage
(%)


5 6 3 5 2 2


7 5 9 1.5 4 1


11 3.5 15 0.5 6 .... 24 0.5


13 3 21 0.5


17 2


19 1.5


23 1.5


25 1.5


Table 2 - Values of individual harmonic voltages at the supply terminals
for orders up to 25, given in percent of Un


range of the supply voltage variations,
during 95% of the supplying time


short supply interruption
∆t < 3 minsvoltage dip, ∆t > 10 ms







in outages.  Of course, the correct
operation of equipment also depends
on many other factors, such as
environmental conditions and proper
selection and installation.


Investigation of the independent
influence of each supply voltage
parameter on equipment operation is
easily performed, but when parameters
vary simultaneously the situation is
much more complex.  In some cases,
after detailed analysis of the effects of
each of the different voltage
parameters, results can be super-
imposed in order to estimate the total
influence of many parameters.  The
influence of a particular voltage
parameter on equipment operation is
made based on mathematical
formulae describing analysed physical
phenomena.  Two simple examples,
concerning lighting and motors,
follow. 


For incandescent light sources, supply
voltage is the most significant
influence on the luminous flux, as
illustrated in Figure 2 and formula (3).
The permissible supply voltage
variations according to EN 50160 can
thus cause significant changes of the
flux.  EN 50160 allows, for example,
that the supply voltage can be equal to
Un-10 % or Un+10% for a long period,
thus an incandescent lamp will deliver
as little as 70%, or as much as 140%, of
its nominal luminous flux respectively.
Furthermore, at Un +10%, the service
life of these lamps is reduced to about
25% of the nominal value (Figure 3),
i.e. about 250 hours instead of the
typical life of 1 000 hours.  (Note that
the durability of fluorescent and
discharge lamps depends mainly on
the number of turn-on cycles.  The
effect of supply variations is small.)
The values shown in Figures 2 and 3
are calculated for steady state
operation voltage at the given value.


In practice the voltage value changes continuously according to the operation and load conditions in the
network, as for example shown in Figure 4.  The mathematical description of characteristics shown in
Figures 2 and 3 are:
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Figure 2 - Relative value of luminous flux F of an
incandescent and discharge lamp as a function of


the supply voltage according to formula (3)


Figure 3 - Relative value of the service life (durability)
of an incandescent lamp as a function of the supply


voltage according to formula (4)
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where: 


F = luminous flux 


U = supply voltage 


Fn = luminous flux at nominal value of supply voltage Un


b = factor equal 3.6 for incandescent lamps and 1.8 for discharge lamps


where: 


D = service life (durability) of the incandescent lamp


Dn = durability at nominal value of supply voltage Un.


One can see that the requirements concerning voltage changes in EN 50160 are not very rigorous.  Even
keeping voltage variations in the permissible limit ±10%, can cause under performance of lighting sources.
In practice, these variations should be limited to about ±(3-4)%, in order to avoid negative consequences in
lighting. 


The voltage fluctuations shown in Figure 4 illustrate the voltage influence on the flicker severity, which can
be measured and calculated according to formula (1).  Measurement of flicker is considered in another
section of the Guide.  


For electric motors the most significant factor is the fluctuation of torque, which depends on the square of
the supply voltage value.  Problems could occur during start-up of heavy loads, because the inrush current
causes an additional voltage drop within the installation (Figure 5).  In practice, for the majority of three
phase electric motors, start-up occurs normally at or above 85% of nominal voltage for heavy starting loads
and at or above 70% for light starting loads.  Thus, the EN 50160 voltage fluctuation requirements are
satisfactory here.  However prolonged operation of the motor at an rms voltage value of –10% or +10 % of
Un can cause other negative consequences: overloading and operation of the thermal protection in the first
case, or operation at excessive power and protection tripping in the second case.  All voltage dips can cause
nuisance tripping of the motor protection.
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Figure 4 - Examples of voltage dips (rms phase to neutral voltage); oscillograms showing
the supply voltage (upper trace) and frequency changes (lower trace) at the PCC of a small factory
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The influence of the load current on the supply
voltage in the installation depends on the
impedance of the supply grid.  The utilisation
voltage at the equipment depends on the
impedance of the supply grid and that of the
customer’s installation.  An illustration of the
influence of load current on the supply voltage is
shown in Figure 6. 


Other important problems for the motors are
voltage harmonics in and unbalance of the supply
voltage.  Voltage unbalance in a three-phase
system causes an opposing torque, proportional
to the negative sequence voltage component.
Each voltage harmonic produces a respective
harmonic current and its own torque, which can
be coherent or opposite to the main torque, for
various slip values.  The most important here are
the 5th and 7th harmonics.  Figure 7 illustrates a case
in which the 7th harmonic torque can cause
problems during motor start-up, where the
characteristic torque and the braking torque
curves cross.


For other electrical equipment the relationship
between supply voltage and its power or efficiency
may be significant.  For the majority of equipment,
voltage changes in the range 
(0.9 - 1.1) Un do not cause any negative
consequences, especially for common heating
devices.  For equipment with a higher sensitivity
to the supply voltage proper protection should
be installed.


Measuring methods


Measurement and testing of supply voltage
quality, according to EN 50160, requires
specialised apparatus and measuring methods
(see Sections 3.2 and 5.2 of this Guide).  This
arrangement enables continuous monitoring,
over 7 days, of the following parameters:


voltage in three phases


frequency


total harmonic distortion factor THDU


voltage unbalance factor, which is a
multiple of positive and negative
sequence voltage components


fast and slow voltage variations, which are defined as short term (Pst) and long term (Pst) flicker
severity factors (equation 1).


This type of equipment also enables measurement of voltage dips and outages, its frequency and duration. 


The measured parameters are processed and recorded as 10 minute time-segments (1008 segments over
7 days).  For each segment the mean value of the measured parameter is calculated.  After the 7-day
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Figure 6 - Illustration of the load current
influence on the supply voltage dips


in the electrical installation


Figure 5 - Example of supply voltage changes
(upper trace) at start-up of an asynchronous motor;


lower trace – load current in the supplied
installation of a small factory; the peak at the end


of current flow is the inrush process







recording period a so-called “ordered diagram” is produced, which shows the sum of the duration of a given
distortion level in the observed time period.  (For frequency measurement, the duration of each single
segment is 10 seconds). 


An example of an ordered diagram is shown in Figure 8.  It clearly shows whether the measured voltage
parameters have been maintained at the permissible level for 95% of the tested time.  (Table 1). 
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Figure 8 - Example of the ordered diagram of the total harmonic distortion
factor measured in substations supplying low voltage industrial (1 and 3)


and municipal (2) networks


Figure 7 - Influence of asynchronous torque produced by harmonics on the
main torque characteristic of an asynchronous motor
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Country perspectives


As mentioned above, while EN 50160 gives general limits for public supply networks, various European
countries have additional rules governing supply conditions.  Many of these national regulations cover
areas not included in EN 50160, such as the maximum permissible harmonic load to be connected to the
PCC. 


The German national standard VDE 0100 states that the voltage parameters defined in DIN EN 50160 reflect
extreme situations in the network and are not representative of typical conditions.  In planning networks
the recommendations of VDE 0100 should be followed.  One of the TABs [3] gives maximum values (per
unit) for phase-angle controlled resistive loads (1 700 VA single-phase, 3 300 VA two-phase and 5 000 VA
balanced three-phase) and for uncontrolled rectifier loads with capacitive smoothing (300 VA single-
phase, 600 VA two-phase and 1000 VA balanced three-phase).  The equipment standard VDE 0838
(EN 60555) is also quoted.


In Poland, the rules of electrical energy distribution established by the government [4] give the
fundamental parameters of the supply voltage (Table 3) and do not refer to EN 50160.  Additionally,
consumers are divided into six groups, for which separate, permissible total annual outage times are
defined.  The document also deals in detail with various economic aspects of the energy market, principles
of settlement between network and distribution companies etc. 


In Italy there is an important document dealing with the continuity of supplied supply [8].  The Italian
Regulatory Authority for Electricity and Gas (AEEG) has in fact set out a uniform system of service
continuity indicators and has put in place a system of incentives and penalties in order to progressively
bring continuity levels up to meet European standards.  The Authority has divided the national territory
into 230 geographical zones, sub-divided by areas of population density and has set improvement targets
for each area on the basis of the previous year’s performance.  Utilities that succeed in improving by more
than the required rate can recover the higher costs sustained.  Conversely, companies have to pay a penalty
if they fail to meet the improvement target.  Interruptions due to acts of God, or those caused by third
parties, are not included in the calculation.  The overall performance target is to bring continuity levels up
to national benchmark levels based on European standards: 30 minutes of interruptions overall per user per
year in large cities (high density); 45 minutes in medium-sized towns (medium density): and 60 minutes in
rural areas (low density).  Other countries have similar regimes imposed by the regulatory authorities.


The UK has a number of documents making up the distribution code.  One of the most important is G5/4,
discussed elsewhere in this Guide, which regulates the connection of harmonic loads to the point of
common coupling.  Measures to encourage the improvement of continuity are the responsibility of the
Office of Gas and Electricity Markets (OFGEM).


Parameter of supply voltage Limits according to [4]


Frequency LV and MV: 50 Hz nominal (49.5 - 50.2 Hz)


Voltage magnitude LV and MV: -10% - +5% of the 15 minutes rms value


Harmonics
LV: THDU ≤ 8%, each harmonic/U1 ≤ 5%
MV: THDU ≤ 5%, each harmonic/U1 ≤ 3%


Long interruptions
LV and MV: 60 h/year up to Dec 31, 2004


48 h/year after Jan 1, 2005
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Table 3 - Requirements concerning PQ of supply voltage in Polish
distribution network, according to [4]







Conclusions


The requirements of EN 50160 are not difficult for electricity suppliers to fulfil.  The parameters of the
supply voltage shall be within the specified range (Table 1) during 95% of the test period, while the
permitted deviations in the remaining 5% of the period are much greater.  For example, the mean value
during 95% of the time shall be between 90% and 110% of the nominal voltage.  This means that, in an
extreme case, customers could be supplied at 90% of nominal voltage continuously while, for 5% of the
time, the voltage could be much lower.  If, in such a boundary situation, other parameters are also at the
extremes permitted in the standard, for example harmonic voltages or voltage unbalance, then equipment
mal-operation is likely.


The standard could be improved.  For example, requiring the mean values of measured voltage parameters,
over the whole of the test period within ±5% would guarantee that the supply voltage could not be
maintained at the lower or upper boundary value for a prolonged period.  


The number of voltage dips permitted (up to 1 000 during the year) and the number of short and long
outages are rather high from the customer’s point of view.  Voltage dips to below 30% of the nominal voltage
with duration longer than 0.3 s can cause low voltage protection to trip or contactors in the motor circuits
to drop out.  Thus, the real number of process interruptions will be much greater than the number that
would be expected to result from voltage interruptions.


EN 50160 should be understood as representing a compromise between supplier and customer.  It requires
that the supplier provide, as a minimum, a barely adequate quality supply.  Most suppliers routinely exceed
these requirements by a large margin, but do not guarantee to do so.  If the customer has higher
requirements, mitigation measures should be provided or a separate agreement for a higher quality supply
must be negotiated.  However, the important advantage of the standard is:


definition of the voltage parameters important for power quality


quantitative determination of the values, which are a reference point in evaluation of the
power quality.


It is the task of the electricity regulator to set a level of quality that requires best practice from the supplier,
while not setting the level too high so that the price of electricity increases for everybody.
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l’energia elettrica e il gas 28 dicembre 1999, n. 202/99 e per la determinazione della media nazionale dei livelli
tendenziali di continuità del servizio per l’anno 2004, ai sensi dell’articolo 9, comma 9.4, della medesima
deliberazione.
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Power Quality    Fact Sheet 3 


This fact sheet is one of a series. If you would like to receive other 
fact sheets or mini guides on a regular basis please contact us on:- 


    T 01588 673411          F 01588 672718         E news@reo.co.uk  
www.reo.co.uk 


The small print: Every effort has been made to ensure the integrity of the information in this data sheet, which has been provided in good 
faith and the authors do not accept liability for any loss or damage caused by omissions, errors or the interpretation of the reader.  


A Power Quality Standard 
 
How do we assess the quality of our electricity supply? 
 
There is a standard: BS EN 50160:2000 Voltage characteristics of electricity supplied 
by public distribution systems that provides the limits and tolerances of various 
phenomena that can occur on the mains. Below is a summary of the criteria for the low-
voltage side of the supply network:- 
 


Supply voltage phenomenon Acceptable 
limits 


Measurement
Interval 


Monitoring 
Period 


Acceptance
Percentage 


Grid frequency 49.5Hz to 50.5Hz 
47Hz to 52Hz 10 s 1 Week 95% 


100% 


Slow voltage changes 230V ± 10% 10 min 1 Week 95% 


 
Voltage Sags or Dips (≤1min) 


10 to 1000 times 
per year (under 
85% of nominal) 


 
10 ms 


 
1 Year 


 
100% 


 
Short Interruptions (≤ 3min) 


10 to 100 times per 
year (under 1% of 


nominal) 


 
10 ms 


 
1 Year 


 
100% 


 
Accidental, long interruptions  


(> 3min) 


10 to 50 times per 
year (under 1% of 


nominal) 


 
10 ms 


 
1 Year 


 
100% 


Temporary over-voltages 
(line-to-ground) Mostly < 1.5 kV 10 ms N/A 100% 


Transient over-voltages 
(line-to-ground)  Mostly < 6kV N/A N/A 100% 


Voltage unbalance Mostly 2% but 
occasionally 3% 10 min 1 Week 95% 


Harmonic Voltages 8% Total Harmonic 
Distortion (THD) 10 min 1 Week 95% 


 
What practical conclusions can be made from this data? 
 


1) The limits are wide, perhaps more than one would expect. 
2) It is important to check that safety interlocks and relays can reset after a sag or dip 


because such incidents can occur quite frequently. 
3) Control and process equipment that is voltage sensitive should be applied with 


caution because the allowable voltage tolerance is very wide and can drift outside 
±10% for 5% of the time. 


4) The transient tolerances are high and so the use of surge-protection devices should 
be carefully considered, especially where manufacturing of high-cost components or 
processes involving lengthy and expensive restart times are concerned.   
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SUMMARY 


The aim of this report is to provide explanations and complementary information on 
the Standard EN 50160 issued by CENELEC in November 1994, in order to promote a 
common understanding and interpretation among the electricity distributors. 


The approach followed in preparing the report has been to include, beside the 
comments strictly related to the Standard, also a discussion of the fundamental motivations 
which determine the policies of electricity distributors. 


Moreover the document can be made available also to third parties as a UNIPEDE 
contribution to reach a consensus on the subject of voltage characteristics. 


After an exposition of background information on the development of the Standard, 
the report deals in detail with the different voltage characteristics, trying to point out the 
reasons for the specifications there given and provides additional comments and 
clarifications. 


Moreover it was felt necessary to include detailed indications on the evaluation of 
the voltage characteristics, as the CENELEC Standard states only the fundamental principles 
and there was a risk that many different approaches could be put into practice, waiting for 
further developments of the standardisation activity. 


The measuring and evaluation methods proposed in the present report, together with 
the indications contained in the associated UNIPEDE report "Measurement Guide for Voltage 
Characteristics" constitute a complete reference for a uniform approach to the problem on the 
part of the electricity distributors and can be adopted also for standardisation purposes. 


The last part of the report is devoted to explain the nature and implications of the EN 
50160 with respect to the other standards in the field of electromagnetic compatibility (EMC), 
showing how the objective of keeping the voltage characteristics within certain bounds is the 
outcome of a process where EMC standardisation, electricity distributors, equipment 
manufacturers and users must co-operate successfully. 
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1. INTRODUCTION 


The aim of this document is to give explanations, background information and 
complements related to the standard EN 50160 on the "Voltage characteristics of electricity 
supplied by public distribution systems", which CENELEC developed to fulfil a mandate of 
the Commission of the European Communities (EC). 


By its very nature, a standard has to be concise and cannot give a comprehensive 
treatment of the subject being dealt with. It was accordingly considered worthwhile by 
UNIPEDE to prepare a guide providing an interpretation of the standard, with a review of the 
problems related to the characteristics of electricity supply at the user terminals, covering also 
some aspects of electromagnetic compatibility, to make the text self contained. 


2. BACKGROUND INFORMATION 


2.1 The EC approach to the definition of supply voltage characteristics 


From the very beginning of their association, the Member States of the European 
Communities decided to create a wide economic space without barriers to internal trade. 


For this purpose a number of directives have been issued by the Commission of the 
European Communities (EC), to remove the differences in the legislation of the Member 
States, which could affect the free exchange of goods and services.  


In particular the EC, recognising the energy market as an important component of 
the internal market, issued two Directives [1,2]: 


- Directive 85/374 on Product Liability [1], states in Article 2 that electricity is to be 
considered a product and, as a consequence, made it necessary to define 
the essential characteristics of the electricity supply. 


- Directive 89/336 on Electromagnetic Compatibility [2] declares, that the Member States are 
responsible for ensuring that electricity distribution networks are protected 
from electromagnetic disturbances, which can affect them and, 
consequently, the connected equipment. 


In September 1989 UNIPEDE prepared a document (DISNORM 12, [3]) which 
defines the physical characteristics of electric energy supplied by low and medium voltage 
public distribution systems.  


The initial aim of the document was to give information to users and manufacturers 
in a synthetic and organised form. Taking note, however, of their interest in the internal 
market of electricity, the document was forwarded to the Commission. 


The task of preparing a standard, based on the UNIPEDE contribution, was assigned 
to CENELEC (European Committee for Electrotechnical Standardisation). The mandate 
specified the different aspects to be covered, which were exclusively related to the following 
characteristics of the supply voltage: frequency, magnitude, waveform and symmetry of 
the three-phase-voltages 
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CENELEC set up a Task Force (BTTF 68-6), attended by representatives of most of 
the Member Countries, which produced the standard EN 50160 [4]. 


2.2 Nature of electricity supplied by public distribution systems 


Electricity has become a primary resource on which a great number of activities have 
become dependent. It has several characteristics which can be critical to the satisfactory 
operation of electrical equipment. This is increasingly so in the case of modern equipment. 


It is the nature of electricity that many of the voltage characteristics are quite 
variable. There is a large number of influences which give rise to this variation, and the 
distributor's ability to control these influences is limited. 


Although the electricity, as produced in the generating stations, has highly controlled 
characteristics, considerable variation can be present at the customer's supply terminals. 
These variations are brought about by the nature and operating characteristics of customer's 
equipment as well as by the physics of operation of the supply system. 


Because the variation of the voltage characteristics can cause degradation of the 
performance of electrical equipment, these phenomena are frequently referred to as 
electromagnetic disturbances. 


Atmospheric phenomena (lightning, wind, etc.) and environmental conditions 
(including pollution, man-made or of natural origin) are an important source of some 
disturbances, notably supply interruptions and voltage dips. 


Another important source of disturbances is the electricity user's own equipment. 
The design of this equipment, or its mode of operation, or both, can have the effect of 
injecting disturbances (such as harmonic or interharmonic distortion, voltage fluctuations, 
etc.) into the distribution networks, on which they are then conducted to customers' supply 
terminals at some distance from their source. 


Apart from the above influences, the voltage characteristics of electricity are a 
function of the design and operating characteristics of the supply system itself, and of its 
response to the time-varying electricity demands of the users. Despite the daily, weekly, 
seasonal and other cyclical trends which can be observed in these demands, they are 
essentially random events, and are largely unpredictable, particularly at level of an individual 
user or small group of users. 


Finally, the voltage characteristics can be affected by the actions of various third 
parties (accidental or intentional damage to supply installations, strikes and industrial 
disputes, action or instruction by public authorities, etc.). 


Accordingly, the voltage characteristics are under the influence of several parties: 


- end users 


- equipment and system manufacturers 


- designers of plants and installations 
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- electricity distributors 


- public authorities 


- general public 


Unlike common commercial goods or equipment, whose properties can be controlled 
within close tolerances by appropriate design and manufacturing processes, the voltage 
characteristics of electricity are much less subject to close control. This is especially so 
because the use of electricity is simultaneous with its generation and distribution; any 
disturbance which arises occurs at the same instant, so that between the occurrence of the 
disturbance and its taking effect there is not a time interval within which the distributor can 
intervene with  a specific corrective action. Therefore the voltage characteristics of electricity 
are specified in terms of: 


- range of values 


- statistics of occurrence of faults and other disturbances 


- by reference to specific operating conditions of the supply systems, excluding 
extreme conditions. 


2.3 Electricity supply systems and voltage characteristics 


It is evident from the above, that the electricity distributor must design the supply 
system to keep the voltage characteristics within preassigned limits, chosen as a compromise 
between the objective of giving the majority of the users a satisfactory service and the aim of 
keeping the cost of supply as low as possible. 


Electricity supply systems have thus evolved during the years, according to local 
policies aimed to meet at an optimum cost/benefit ratio the requirements of the users, so that 
the existing systems are greatly different in the various countries, depending on their history 
of economic, industrial and social development, on the environmental conditions and on the 
choice of specific technical options among those available in power systems engineering. 


This leads to the fact that the voltage characteristics of supply networks in areas 
which are similar in terms of load density (load per unit surface) and other parameters can be 
different in some respect and it is not possible to establish a precise relationship between the 
performance of an electric power system and the type of supplied area.  


Laying down the voltage characteristics in a standard, it was necessary to consider: 


- the actual supply characteristics existing throughout Europe including the fact that these 
characteristics generally permit satisfactory performance of equipment 


- cost aspects deriving from the interdependence between the supply networks and the design 
of equipment. 


It is clear that all costs, whether incurred on the supply system or on customers' 
equipment are ultimately borne by the customer. Moreover, there is a very wide variation in 
the costs involved, particularly in relation to the supply systems.  
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The most significant factor causing this variation is the difference in customer 
density which occurs in different areas, often compounded by differences in the level of 
electricity consumption by different customers.  


These differences are compounded further by the fact that low density areas tend to 
be supplied by overhead lines, whereas underground cable systems are much more likely to 
be used in high density areas. For overhead lines there is a much greater margin between the 
capacity required purely for energy supply and that required to limit the range of voltage 
variations. 


For many of the voltage characteristics dealt with by EN 50160, the actual values are 
strongly dependent on the network equivalent impedance (also expressed, at the fundamental, 
by the inversely proportional quantity "fault level", or "short circuit level").  


This parameter is a function of the "electrical distance" of the considered supply 
terminals from the feeder transformer(s) or, in more practical terms, of the characteristics of 
connecting lines and transformers (length and conductors of the lines, rating and design of the 
transformers, etc.).  


For some of the characteristics the load connected on the supply network can be an 
important component of the equivalent impedance. 


The network impedance is therefore quite variable at any given supply terminals, 
because not only are the other loads connected to the same supply network varying in time, 
but the configuration of the network is also subject to change because of necessary switching 
operations (resupply manoeuvres, maintenance and construction work, etc.). 


Moreover network impedances tend to be low in urban areas where the load density 
is high, and the network is composed of lines with large cross section areas connecting 
closely spaced large rating transformers. 


Impedances tend to be higher in sparsely populated rural areas, where the 
characteristics of the supply system are tailored to smaller loads in order to avoid additional 
costs, which the electricity consumption could not economically justify. 


In contrast to all this, for obvious manufacturing and marketing optimisation, the 
equipment available to users should be designed according to uniform standards, particularly 
with a view to the European Single Market. 
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3. APPLICATIONOF THE CENELEC STANDARD 


3.1 Introduction 


The standard EN 50160 was developed taking into account the problem of providing 
adequate conditions for the operation of user equipment and, at the same time, avoiding 
unnecessary increases of the cost of the electricity supply. 


Accordingly, the levels set in the standard balance the costs of compliance with the 
requirements for customers' equipment, having regard to the diverse conditions which exist 
throughout Europe. 


3.2 Scope of the standard 


It is important to note that EN 50160 is confined to the electricity supplied, and does 
not deal with the supply system itself. 


The Scope of EN 50160 specifically excludes compatibility levels or emission 
limits. Its sole function is to give values for the main voltage characteristics of electricity 
supplied by LV and MV public networks. 


Notwithstanding the similarities between these values and those given in standards 
for electromagnetic compatibility levels, EN 50160 is not itself a standard for electromagnetic 
compatibility, but covers the voltage characteristics at the supply terminals.  


It is to be noted that the voltage characteristics within the customer's installation may 
be different from those at the supply terminals. It is the customer's responsibility to avoid or 
overcome any problems with the performance of his equipment due to internally generated 
changes in voltage characteristics at the equipment terminals. 


The point designated as user supply terminals varies considerably according to 
local custom and practice. In practical terms the supply terminals coincide with the point on 
the supply conductors, where the responsibility of the distributor ends and that of the user 
begins. 


The standard is applicable only under normal operating conditions of the supply 
system.  


This is intended to exclude any condition outside the supplier's control, which causes 
one or more of the voltage characteristics to go beyond the values given in the standard. 
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 exceptional weather conditions and other natural 
disasters 


 third party interference 


The listed exceptional conditions 
are : 


industrial actions (subject to legal requirements) 


 force majeure 


 power shortages resulting from external action 


 acts of public authorities 


The standard does not apply if the supplier is prevented from carrying out necessary 
alterations to the supply system, by government or other public authorities. 


An example of a condition in which application of the standard is temporarily 
suspended, is that in which part of the supply system is made unavailable for use, due either 
to a fault of large impact or to the need to carry out maintenance or construction work.  


In these circumstances, if supply can be maintained to all or as many customers as 
possible, even at the expense of some deterioration of one or more of the voltage 
characteristics, this is generally accepted to be preferable to an outright interruption of the 
supply. 


Particular note should be taken of the exclusion in respect of non-compliance of 
customers' equipment or installation with related standards or regulations.  


The same principle applies to all connections to the public supply system, including 
private generation embedded in the public supply system. 


Moreover the standard allows for its requirements to be superseded in the case of a 
customer who makes a special contract with the supplier. In this case, the values of the 
voltage characteristics are a matter for mutual agreement between the customer and the 
supplier. Such a contract is most likely to arise for customers with relatively large electricity 
demands, probably supplied from the MV network. 
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3.3 Groups of Voltage Characteristics 


EN 50160 contains the following two groups of characteristics: 


a) Characteristics for which values can be specified in definite terms 


b) Characteristics for which only indicative values can be given 


3.3.1 Definite Values 


For some characteristics it is feasible to set limits which can be complied with for 
most of the time, however, there still remains the possibility of relatively rare excursions 
beyond these limits.  


The essential randomness of the factors involved precludes declaring any bounds 
within which there could be a reasonable expectation that such excursions could be contained.  


The following table gives the characteristics for which definite limits have been 
specified. Interharmonics have been included even if no indications have been given, as the 
EN states that limits will be established once that additional experience will allow to do so.  


Limits are set with a view to compliance for a percentage of the observation time, 
e.g. 95% of the observations in any period of one week.  


For the reason stated above, no limit is set for the remainder of the time. However, 
experience shows that in practice the frequency with which excursions outside the 95% limits 
occur decreases very rapidly with the magnitude of such excursions. 


TABLE I THE SET OF CHARACTERISTICS WITH DEFINITE VALUES: 


Voltage Characteristic Compliance with 
stated limits 


Observation period 


frequency  
 


100 % 
95 % 


week 


slow variations of  voltage magnitude 95 % week 


rapid voltage changes some exceptions per 
day are admissible 


day 


fluctuations of voltage magnitude (flicker) 95 % week 


unbalance of three phase voltages 95 % week 


harmonic distortion of the voltage waveform 95 % week 


interharmonic voltages to be defined to be defined 


mains-borne signalling voltages 99 % day 
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An exception is made in the case of power frequency: Here limits are given for 
compliance over a 100% of the time, in addition to the 95% limits. This is possible because 
such a deviation would imply a seriously abnormal condition on the supply system and would 
be, therefore, beyond the scope of the standard. 


A special case is that of the rapid voltage changes, for which allowance is made for a 
few occurrences per day exceeding the limit. 


3.3.2 Indicative Values 


The remaining characteristics of the voltage are, by their nature, so unpredictable and 
so variable from place to place and from time to time, that it is possible only to set down 
indicative values, which are intended to provide users with information on the order of 
magnitude which can be expected. 


 


The characteristics which are dealt with in this 
way 
are: 


 


 


3.4 Voltage Terminology 


 


In EN 50160 the following voltage terms are 
used: 


 


 


 


 


In other standards additional terms are used, 
like: 


 


 


 


The following explanations should help to avoid misinterpretations. 


- voltage dips 


- short interruptions 


- long interruptions 


- temporary and transient overvoltages 


- supply voltage  


- nominal voltage Un 


- declared voltage Uc 


- highest voltage of a system [5] 


- lowest voltage of a system [5] 


- highest voltage for equipment [5] 


- rated voltage (Ur; UN in [6]) 
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Supply voltage 


The r.m.s. value of the voltage which occurs at the supply terminal at a given time. 
This value may differ from supply terminal to supply terminal; moreover, because of the 
voltage drop in the customer's installation circuits the voltage at the utilisation points inside 
the installation is generally lower than that at the supply terminals. 


The actual value of the supply voltage may be used as a reference for the 
measurement and the indication of values for several phenomena like flicker, earth fault 
factor. 


Nominal voltage (Un) and Declared voltage (Uc) 


The nominal voltage identifies the reference voltage level of a supply system or user 
installation.  


The actual r.m.s. value of the supply voltage is usually different from the nominal 
value. Standardised values for nominal LV voltages are given in HD 472S1 [5].  


The term declared voltage is more general and includes the nominal voltage and has 
an essential contractual character.  


MV supply networks are sometimes operated with reference to a voltage which 
differs from the nominal voltage. This is done to give a more precise definition of the actual 
range of slow voltage variations at the user supply terminals. 


In low voltage supply networks the declared voltage is normally equal to the nominal 
voltage (Uc = Un). 


The nominal or declared voltages are used in the EN as a reference value for the 
evaluation of some of the voltage characteristics and must be interpreted as interchangeable, 
as appropriate, in the rest of the present document. 


Highest / Lowest voltage of a system 


These terms are used for the highest/lowest value of voltage which occurs under 
normal operating conditions at any time and at any point on a electric system. They exclude 
voltage transients, such as those due to system switching and temporary voltage variations. 


Both terms are not mentioned explicitly in EN 50160, but can be derived from the 
tolerances of the supply voltage relative to the nominal voltage or declared voltage, 
respectively.  


Highest voltage for equipment 


This term defines the maximum value of the "highest system voltage" (see above) for 
which the equipment may be used. It is indicated for nominal system voltages higher than 
1000 V only. 
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Rated voltage 


The rated voltage is the quantity for which equipment, devices or components are 
designed and is specified by the manufacturer. It may be different from the nominal voltage 
of the supply system to which the equipment is connected, because when designing 
equipment, several parameters like the actual supply voltage, reliability aspects and costs of 
maintenance have to be taken into account. 


3.5 Measurement and evaluation of voltage characteristics 


The levels given in the EN are related to the user supply terminals and there must be 
located the point of measurement. At points inside the customer's installation the levels may 
be different , due to the additional impedance between supply terminals and these internal 
points, which is also likely to produce a greater effect of the disturbance emission from 
customer's equipment. 


As said in the introductory considerations, the voltage characteristics must be 
evaluated using a statistical approach, it is therefore necessary to define, for each individual 
characteristic: 


- method to obtain a measurement value (e.g. averaging, r.m.s, peak value, algorithmic)  


- statistical method of evaluation (classification) with indication of the probability of not 
exceeding a certain value (e.g. 95%, 99%, 100%) 


- integrating interval for obtaining a single elementary measurement value (e.g. 10 ms, 3s, 10 
s, 10 min).  


- observation period (e.g. 1 week, 1 year) 


It can be seen from the above that the required measurement equipment and 
techniques are quite complex, and involve considerable data processing and data management 
effort, so that it is not economically feasible to have systematic comprehensive programmes 
of measurement to ensure compliance with the standard.  


Since the standard applies at the supply terminal of each customer, the issue of 
compliance arises at many tens of millions of locations in Europe. Measurement, therefore, 
can only be undertaken on a relatively small scale, generally on an ad hoc basis, in response 
to problems which are suspected or to complaints which are made by customers. 


The principal method by which compliance with the standard can be ensured is 
through the normal methods by which the technical management of the supply systems is 
carried out: calculations based on available information on loads and system characteristics 
and implementation of standard network designs, verified as necessary by actual 
measurements. 


It is unavoidable that isolated cases for non compliance will occasionally arise. In 
such cases, measurements will be undertaken if problems become apparent, particularly if 
customers raise queries in regard to such problems.  
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The cost may be so great, however, that it may become necessary to make a charge 
for the necessary measurement. This payment could be refunded in the event that non 
compliance was found to be a fact. 


To get unambiguous results about compliance, it is necessary to provide more 
detailed information with respect to that given in the EN standard. The following section 
contains indications of fundamental principles to measure and evaluate the voltage 
characteristics, with a view to the practical aspects of the problem. A detailed discussion of 
proposed measuring techniques is contained in a dedicated UNIPEDE report [20]. 


3.6 Description of the main voltage characteristics  


3.6.1 Power frequency 


The EN states that the nominal value of the frequency is 50 Hz. Taking into account 
the fact that the frequency in a supply system depends on the interaction between generators 
and load and that the range of variation is smaller the higher the ratio between generation 
capacity and load, a distinction is made between power supply systems with a synchronous 
interconnection to adjacent systems and weaker isolated system as those which typically exist 
in islands. 


The ranges of frequency variations given in the EN are: 


- for interconnected supply systems: 50 Hz ± 1 % for 95 % and 50 Hz + 4 - 6 % for 100 % of 
a week 


- for non interconnected supply systems: 50 Hz ± 2 % for 95 % and 50 Hz ± 15 % for 100 % 
of a week 


In practical terms the statistical assessment requires the definition of a basic 
measurement, which could be carried out by determining the mean value of the frequency 
over successive fixed time intervals of 10 seconds. 


The compliance with the limits given in the EN will than be assessed over an 
observation period of one week, including Saturday and Sunday, by a statistical analysis 
carried out over the sequence of 10 second measurements. 


3.6.2 Magnitude of the supply voltage 


The magnitudes of the supply voltage correspond: 


- for LV to the standard nominal voltage given at sub-clause 2.2 of EN 50160 


- for MV to the declared voltage as stated at sub-clause 3.2 of EN 50160. 


3.6.3 Supply voltage variations 


Under normal operating conditions load changes cause variations of the average 
supply voltage, which are in general compensated by automatic voltage regulation, on a time 
scale of a few tens of seconds. 
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The EN indicates that the range of variation of the r.m.s. magnitude of the supply 
voltage, whether line to neutral or line to line to phase, is Un ± 10 % or Uc ± 10 % for 95 % 
of a week. 


In practice the r.m.s. value could be determined over a fixed interval of 20 
milliseconds and the basic measurement could be made by determining the average of these 
values over a period of 10 minutes. 


The assessment of compliance over an observation period of one week, including 
Saturday and Sunday, could be then performed checking that 95 % of the ten minutes values 
fall within the specified range. 


3.6.4 Rapid voltage changes 


3.6.4.1 Magnitude of rapid voltage changes 


A rapid voltage change is a fast depression of the r.m.s. value of the supplied voltage 
caused by the switching on of a specific load, like for instance a motor. 


Load switching, to be noticeable from this point of view, requires that the rating of 
the load be a significant fraction of the fault level of the supply at the point of connection of 
the load and generally the rapid voltage change starts with a steep downgoing step followed 
by an upgoing ramp ending at a voltage value less than that existing before the switching 
(FIG. 1). 


Vrms


t


 


 


FIG. 1 Schematic form of a rapid voltage change 


 


The front can be as short as 10 ms, whilst the recovery ramp can last several cycles 
of the supply voltage. 


It is important to stress that a rapid voltage change, to be classified as such, must not 
cause a crossing of the lower voltage tolerance limit (Un - 10 %), as it would then be 
considered a voltage dip. 
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EN 50160 gives an indication that typically rapid voltage changes do not exceed a 
depth of 5 % of the nominal or declared voltage (because connection of loads capable of 
creating rapid voltage changes is usually subjected to regulations), but higher depths up to 10 
% may occasionally occur. 


This phenomenon is not fully defined by EMC standards, in particular with reference 
to the time duration. However a practical approach to measurement could be based on the 
maximum depth which would occur over a basic time interval of 100 - 200 milliseconds. 


The observation period and the limit repetition rate cannot be fixed, because they are 
too dependent on specific cases. 


3.6.4.2 Flicker severity 


Flicker is the effect produced on the visual human perception by a changing emission 
of light by lamps subjected to fluctuations of their supply voltage. 


Voltage fluctuations consist of a sequence of rapid voltage changes, spaced in time 
close enough to stimulate the response of the eye-brain defined as flicker. 


As the annoyance created by flicker is a function of both the intensity of the 
perception and the duration of exposure, the severity of the disturbance is described by two 
parameters: the short term severity Pst, and the long term severity Plt. 


The EN gives an indication only for the Plt parameter, because this quantity has been 
considered more significant to describe the supply voltage. 


The basic measurement is the short term flicker indicator Pst, evaluated each 10 
minutes by instrumentation complying with IEC Publication 868. The measurements shall be 
carried out line to line (between phases) in MV networks and line to ground (phase to ground) 
in LV networks(1) . 


Only short term values Pst measured during the time when the supply voltage 
magnitude is within ± 15% of the nominal voltage (or declared voltage) and not affected by 
voltage dips should be considered for the evaluation. 


The long term severity Plt shall be evaluated every 2 hours from 12 consecutive Pst 
values, following IEC Publication 868. 


The compliance with the limit given in the EN (Plt ≤ 1 for 95 % of the measured 
values) will than be assessed over an observation period of one week, including Saturday and 
Sunday, by a statistical analysis carried out over the sequence of the evaluated Plt values. 


                                                           
(1) In any case on LV the connection of the measuring  instrument will follow  that of  lighting 


installations. 
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3.6.5 Supply Voltage Dips 


A voltage dip is a sudden reduction of the r.m.s. voltage value below 90 % of the 
nominal (or declared) value, followed by a return to a value higher than 90 % of the nominal, 
in a time varying from 10 ms to 60 s. Figure 2 shows a simplified form of a voltage dip, to 
point out the fundamental parameters by which it is characterised: depth (∆V) and duration 
(∆t). 


The definition of voltage dips is clearly a convention, derived from practical 
experience, but also depending on the context in which the phenomenon is discussed. This 
explains why, at the moment, there exist different definitions, with reference to the following 
aspects: 


a)  criterion concerning the depth of voltage reduction, for classification as a dip 


b)  duration (lowest, highest value of the voltage for the period of time to be considered) 


c)  reference value to assess the depth 
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FIG. 2  Simplified form of a voltage dip 


Depth 


IEV defines as a dip any reduction of the r.m.s. value of the supply voltage, 
independently from the depth. 


This definition is too vague and, besides, it is not applicable for the measurement of 
dips, because it contains no indication concerning a reference value against which the depth 
of the dip should be gauged. 


It is then necessary to set a minimum depth below which the reduction, being of no 
practical significance, is not classified as a voltage dip and to choose a reference value, in 
order to express the depth as a percentage of this value. 
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The first problem can be solved satisfactorily by considering only the reductions that 
bring the voltage value below the lower limit of the tolerance on supply voltage variations (90 
% of the nominal value or declared voltage in the EN). 


The second task could be accomplished in two ways: either the reference voltage is 
selected as the actual value existing immediately before the dip, or it is set equal to the 
nominal voltage (or declared voltage if different). 


The last option was adopted in EN 50160, in order to use as a term of comparison a 
well defined quantity.  


The requirements of practical measurement make it necessary to classify voltage dips 
by reference to the nominal voltage rather than to the actual supply voltage at the starting 
time of the dip.  


To ensure that a reduction of the supply voltage down to 0 V may correspond to a 
reduction of 100 % relative to the reference voltage, this has to be chosen equal to the 
nominal voltage. 


A voltage dip is classified as one event, irrespective of the shape and of the number 
of phases affected. This is because most industrial and commercial user receive a three phase 
supply, but also single phase installations may contain equipment which is sensitive to 
voltage dips.  


A multiphase event is counted as a single occurrence if the events on the different 
phases overlap in time. 


According to the before mentioned definition, any temporary reduction of the supply 
voltage starting from a value above 90% Un to a value below it, is a voltage dip, irrespective 
of the depth. As an example, a reduction starting from a supply voltage of 92 % Un, with a 
value of 3 % Un would be classified as a voltage dip of 11 %. 


It is also necessary to make a distinction between a voltage dip and an interruption 
(no supply voltage). As a matter of fact, short interruptions, lasting less than 60 seconds could 
also be seen as a 100 % voltage dip and there would be inevitable confusion when making a 
classification. It was therefore adopted the criterion of establishing a threshold at 1 % of the 
nominal voltage. If the supply voltage value drops below 1 % Un the event is considered an 
interruption, otherwise it is classified as a voltage dip. 


The implications following from the previous consideration should be fully 
understood, because it is clear that situations were the supply voltage is closer to the lower 
tolerance (0.9 Un), are prone to show an higher number of voltage dips as also small voltage 
variations due to load switching will be classified of voltage dips. 


However these dips will have no effect on the user equipment, as only voltage dips 
with depth exceeding, say , 15 or 20 % are of real significance, although their impact on the 
statistics may be relevant. 
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In regions with weaker networks, like in rural areas, as mentioned also in EN 50160, 
the occurrence of voltage dips may therefore appear very frequent, just because of the 
increased influence of voltage reductions in the range from 90% to 85% Un. 


This also explains the indicative value "up to one thousand" given in EN 50160, 
based on the values of Table I, taken from the UNIPEDE-Report quoted below [7], 
considering: 


- additional voltage reductions originating from the LV supply network itself 


- worse weather conditions at consideration of longer periods as well as of the conditions 
throughout Europe. 


Duration 


It must be stressed that the duration is the time during which the voltage is less than 
90 % Un as in IEC Publications 1000-2-1 and -2 [9, 10]. 


IEV 161-08-10/1986 [8] defines some 50 Hz cycles for the lowest and a few seconds 
for the highest duration of a voltage dip.  


This probably stems from the consideration that in practice voltage dips are mainly 
caused by faults, which are cleared by the tripping of a circuit breaker in a time of 100 ms to 
some hundreds of milliseconds, or by switching of large inductive loads (e.g. motors), 
although in case of starting of large motors the duration of the voltage reduction may last 
several seconds. 


The lower limit for duration can be set by considering that 10 ms (half a 50 Hz cycle) 
is the minimum time period over which an r.m.s. value can be calculated. 


The upper limit of duration was subsequently increased to 60 s, to include the effects 
of load switching in the supply network and of the energization of transformers. 


The UNIPEDE survey 


To get a better knowledge of voltage dips occurring in the European MV supply 
networks, the UNIPEDE group of experts DISDIP carried out a co-ordinated measurement 
campaign over a period of three years, in nine countries with different climates and network 
configurations. 


The survey was carried out in 126 sites with standardised measurement and 
evaluation criteria, extending the maximum duration of a dip up to 60 seconds, in order to 
include also more seldom occurring dips. 


Table I summarises the results obtained in the survey. Each cell of the table 
represents, as a combination of the results from all locations, the number of events belonging 
to the corresponding classes of depth and duration, which may be expected to occur per year, 
with a probability of 95 % of not being exceeded. It should be noted that, according to the 
criterion stated before, data on the last row are to be considered as interruptions and not as 
voltage dips. 
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TABLE I  UNIPEDE survey on the characteristics of voltage dips: frequency of 
occurrence per annum with a 95 % probability of not being exceeded 


Depth Duration 


(% of nominal voltage) (ms) (ms) (s) (s) (s) (s) 


from to less than 10 < 100 100 < 
500 


0.5 < 1 1 < 3 3 < 20 20 < 60 


10 30*  111 68 12 6 1 0 


30 60 13 38 5 1 0 0 


60 99 12 20 4 2 1 0 


99 100 1 12 16 3 3 4 


As the results of the UNIPEDE measurements have shown, the majority of voltage 
dips have a duration less than 1 second, as mentioned also in EN 50160 (Sub-clause 2.2.3). 


Depth and duration of voltage dips can be obtained by measuring the r.m.s. value of 
the voltage every half cycle and the statistical evaluation can be performed using the 
classification method established by UNIPEDE and already used in EMC standardisation. 


3.6.6 Short and long interruptions of the supply voltage 


Concerning the duration of a supply voltage interruption UNIPEDE DISDIP and IEC 
Publ. 1000-2-1 name an upper limit of 1 min, related only to short interruptions.  


EN 50160 subdivides voltage interruptions into: 


- short supply interruptions (duration less or equal to 3 min) 


- long supply interruptions (duration > 3 min), 


This classification takes into account the characteristics of protection and automatic 
reclosing systems in use in the supply networks. 


On medium voltage overhead networks it is common practice to perform a fast 
automatic reclosing after the initial tripping of a line circuit breaker on a fault.  


The delay for the fast reclosing is in general between 300 ms and 500 ms and in most 
cases less than 1 second. 


                                                           
* UNIPEDE DISDIP has decided to split this class into two classes : 10 - 15 and 15 - 30 
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In case of a successful reclosing which clears the fault, the user supplied by the line 
are affected by a usually deep voltage dip, lasting the operating time of the circuit breaker 
(about 100 ms) followed by an interruption lasting the delay set for the automatic reclosing. 


The other lines connected to the same busbar of the line where the fault occurs 
experience a voltage dip lasting the operating time of the circuit breaker, whose depth 
depends on the distance of the fault location from the substation busbar. 


If, at reclosing, the fault is still present, another voltage dip will occur on the 
concerned line and on the others lines supplied by the same busbars and the circuit breaker 
will trip again. 


Depending on the operation scheme adopted in case of faults, the supply will be 
interrupted until the fault is localised and the line section is isolated for inspection and repair, 
or a slow automatic reclosing is performed, after a delay commonly ranging between 30 
seconds and 3 minutes. 


The users supplied by the line will accordingly experience another short interruption 
followed by restoration of supply or a final tripping of the circuit breaker, depending on 
whether the fault has cleared spontaneously or keeps being present. 


Moreover in some cases the practice is to use automatic sectionalising of faulted line 
sections, operating switches cascaded along the line, in order to isolate as fast as possible the 
line section where the fault is located and resupply the healthy sections of the line. 


It must be stressed that these techniques are applied in order to improve as much as 
possible the continuity of supply, and minimise the number of users subjected to the 
interruption caused by a permanent fault, at the price of subjecting the users connected to the 
healthy lines to a few  additional voltage dips. 


As far as the low voltage networks are concerned, the probability that a fault clears 
spontaneously when the voltage is switched off is very low, so that the tripping of the line 
circuit breaker or the blowing of a fuse are final and a fault is always permanent. 


Low voltage users are therefore subject to the events on the medium voltage network 
to which their supply lines are connected and to those occurring on their specific and adjacent 
low voltage circuits. 


In the EN the protection and supply restoration schemes have been considered an 
intrinsic feature of "normal operation" of a supply system and this explains why the duration 
of short interruptions has been increased to three minutes, instead of keeping the duration of 
one minute, as in the EMC standards. 


It can also be useful to discuss some practical aspects of evaluating the statistics of 
occurrence of short interruptions. 


From the point of view of most users, the tripping of a circuit breaker followed by a 
sequence of automatic reclosing and by possible additional switching operations, occurring 
within a short time from the onset of the fault, is equivalent to a continuous interruption, so 
that it would be more significant to combine all the sequence of related individual events into 
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a single, equivalent interruption, with a duration equal to the time elapsed from the initial 
tripping of the circuit breaker to the final reclosing operation. 


Another important remark is that supply continuity depends in no small proportion 
also on the performance of the user installations connected to the distribution network, as a 
lack of maintenance or an inadequate insulation of the user installations will affect 
significantly the overall performance of the supply system, by increasing the number of faults, 
either transitory or permanent. 


3.6.7 Temporary (power frequency) overvoltages between live conductors and 
earth 


Temporary overvoltages mainly occur at the power frequency and can last from 
several cycles up to hours or days, depending on specific situations. 


A) LV distribution systems 


The majority of LV public distribution systems are operated with a solidly grounded 
neutral, therefore limited temporary overvoltages are experienced; these overvoltages can 
arise as a consequence of faults and switching on of power factor improvement capacitors.  


The magnitude is generally limited below 1.5 kVrms. 


B) MV distribution systems 


Events originating temporary overvoltages on the MV networks are mainly of two 
types: 


- single line to earth faults 


- ferroresonance phenomena due to the saturation of magnetic cores (these overvoltages are 
not power frequency overvoltages, but are characterised by a heavy distortion due to the 
presence of subharmonic and harmonic voltage components, generally from a few Hz up to 
150 Hz). 


B1) Overvoltages due to single line to ground faults 


In MV networks with isolated or impedance grounded neutral, this kind of fault can 
produce line to ground temporary overvoltages on the healthy phases. Their magnitude is in 
general below 2.0 p.u. of the nominal phase to ground voltage; the overvoltages last for the 
duration of the fault. 


B2) Overvoltages due to ferroresonance 


Practically two conditions might originate this kind of overvoltages in MV networks 
: 


- open conductors 


- grounded voltage transformers in MV networks with an isolated neutral. 
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Open conductors condition 


This condition stems from one or two open conductors (fuse operation, broken 
conductors, etc.) that remain energised by the primary of a MV/LV transformer with a delta 
winding connection or isolated neutral on the primary and in light load condition.  


The phenomena is governed by the zero sequence capacitance of the open 
conductors, the no load impedance of the MV/LV transformer and the load condition on the 
transformer LV side. 


Phase to ground overvoltages maximum magnitude is in the range 2.5 - 3 p.u. of the 
nominal voltage with a waveform affected by harmonic distortion (up to 150 Hz). These 
overvoltages appear only on the feeder interested by the open conductor condition. 


Grounded voltage transformers in isolated neutral MV networks. 


The condition prone to give ferroresonance takes place for well defined system 
characteristics (particular ranges of: ratio between zero sequence capacitive impedance of the 
MV network / equivalent magnetising impedance of the voltage transformers; zero sequence 
damping). 


Line to ground overvoltages appear if excited by a sudden change in the network: 
fault application/clearing, switching manoeuvres, etc.. 


The overvoltage maximum magnitude is in the range 1.8 - 2.5 p.u. with a waveform 
affected by subharmonic and/or harmonic distortion (from few Hz to 150 Hz); these 
overvoltages do not affect the line to line voltage. 


Measurement of temporary overvoltages 


Temporary overvoltages at power frequency can be measured(2) by detecting the 
r.m.s. value of the supply voltage on a basic interval of one cycle. 


Ferroresonance overvoltages characterised by heavy distortion of the waveforms 
must be evaluated by the use of adequate recorders. 


The measurement shall be carried out line to ground. 


3.6.8 Transient overvoltages between live conductors and earth 


Transient overvoltages present very different characteristics and might be classified 
in relation to: amplitude, occurrence, duration, surge main frequency, rate of voltage change 
and energy content. In the following a short description of transient overvoltages occurring in 
LV and MV distribution systems grouped in relation their duration is given. 


                                                           
(2) When measuring overvoltages in MV distribution systems with isolated neutral, attention must be 


paid to the characteristics of the voltage transformers being used, because this piece of equipment can affect the 
zero sequence response of the network (for example inductive voltage transformers may introduce 
ferroresonance conditions). 
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A) LV distribution systems 


A1) Long duration surges: >100 µs 


The origins are mainly: 


- operation of current-limiting fuses (generally: amplitude: up to 1 - 2 kV, waveform: 
unidirectional, high energy levels) 


- switching of power factor correction capacitors (generally: amplitude: up to 2 - 3 times 
nominal peak voltage, waveform: oscillatory with frequency in the range a fraction to a few 
kHz, high energy levels) 


- transference of transient overvoltages from MV to the LV of the transformers by 
electromagnetic coupling (generally: amplitude: up to 1 kV, waveform: oscillatory with 
frequency in the range a fraction to a few ten kHz) 


A2) Medium duration surges: >1 to ≤100 µs 


The origins are mainly: 


- induction of the nearby lightning strikes along LV lines conductors (generally: amplitude: 
up to 20 kV, waveform: unidirectional some times unidirectional oscillatory, high energy 
levels) 


- lightning strikes on LV lines conductors directly (no controlled surges: amplitude: up to 20 
kV, waveform: unidirectional, high energy levels) 


- resistive coupling that due to lightning ground currents flows in the common ground 
impedance paths and in a partially common ground resistance gives surges (amplitude 
generally up to 6 - 10 kV, unidirectional or sometimes unidirectional oscillatory waveform, 
high energy levels) 


- transference of surges (due to direct lightning strokes on MV, rapid drops of voltage 
following operation of gap-type arresters on MV, fault application/clearing on MV) from 
MV to LV by capacitive transformer coupling (amplitude generally up to 4 - 6 kV, 
unidirectional or sometimes oscillatory waveform) 


- minor switching in LV with (giving voltage escalation) and without multiple reignitions or 
restrikes generally exciting the natural frequency of the nearby system (amplitude generally 
up to several times the nominal voltage, oscillatory complex waveform with voltage 
escalation, frequency in the range from a few tens kHz to 1 MHz) 


- operation of breakers with very short arcing times, < 2 µs (amplitude generally up to several 
times the nominal voltage, oscillatory waveform, with frequency in the range from a few 
tens kHz to 1 MHz) 
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A3) Short duration surges:  <1 µs 


The origins are mainly: 


- local load switching of small inductive currents and short wiring (amplitude generally up to 
1 - 2 kV, oscillatory waveform with frequency from a few MHz to a few tens MHz) 


- fast transients due to switching (closing and opening) in LV by air-gap switches (relays and 
contactors) giving a succession of clearings and reignitions (bursts of surges, one surge: rise 
time of about 5 ns, duration of about 50 ns) 


For a reliable operation of equipment in LV networks, the surge withstand capability 
of the equipment connected to the network should be properly co-ordinated to the LV 
environment, possibly making use of surge protective devices. 


Successful application of surge- protective devices has to consider theirs lifetime, 
that should not be sacrificed for the sake of a low remnant 


B) MV distribution systems 


B1) Long duration surges: >100 µs 


These overvoltages are mainly caused by switching events (opening of inductive 
loads with/without virtual chopping, opening/closing of power factor compensating capacitors 
with/without restrikes, main MV feeders, etc.), fault application, arcing ground faults, 
transient overvoltages transferred from HV to MV of the transformer by electromagnetic 
coupling.  


In the most important points of the systems the amplitude of these overvoltages is 
limited by the protection levels of gaps and/or surge arresters required for insulation co-
ordination (amplitude generally up to 3 - 5 times the peak line to earth voltage, oscillatory 
waveform with frequency in the range from a few hundred Hz to some hundreds kHz) 


B.2) Medium duration surges: >1 to ≤100 µs 


The origins are mainly: 


- induction of the nearby lightning strikes along MV lines conductors and lightning strikes on 
MV lines conductors directly (rather rare). Along the line the maximum amplitude of these 
stresses is limited by the clearance sparkover of the line; in primary HV/MV substations and 
MV/LV secondary transformers it is limited by the protection levels of gaps and/or 
diverters. The majority of the stresses are of induced type (amplitude depending on 
clearance sparkover voltage and protection levels ensured by insulation co-ordination, 
unidirectional waveform sometimes oscillatory, rise time in the range from 1 to 50 µs, half 
value time about 100 µs, high energy content).  


- breaker operation with proneness to reignition, for example vacuum circuit breakers 
(amplitude depending on protection levels assured by insulation co-ordination; in general up 
to 8- 10 times the peak value of the nominal voltage, oscillatory waveform with a frequency 
of a few MHz) 







23002Ren9530 July 1995 24


B3) Short duration surges:  <1 µs 


The origin is mainly related to switching in IGS equipment (SF6) (amplitude 
generally up to a few times the peak value of the nominal voltage, oscillatory waveform with 
frequency higher than one MHz) 


C) Measurement of transient overvoltages 


The measurement of transient overvoltages requires adequate equipment (transient 
recorders, voltage transducers, etc.) depending on the nature of the investigated transient. 


3.6.9 Supply voltage unbalance 


The unbalance of a three phase supply voltage consists of a loss of symmetry of the 
phase voltage vectors (magnitude and/or angle), created mainly by an unbalance of the load. 


Practically the unbalance Uu of the supply voltage is defined by the negative 
sequence component Ui expressed in p.u or % of the positive sequence component Ud  (Uu = 
Ui/Ud). 


The basic measurement shall be the r.m.s. value(3) evaluated over a fixed interval of 
10 minutes over the observation period of one week, including Saturday and Sunday. 


Each 10 minutes r.m.s. value is obtained from a series of elementary measurements 
(each performed, for example, on one or more cycles). 


The very short term effect of unbalance is generally not of interest; therefore gaps 
between elementary measurements may be allowed (an effective measuring time of the order 
of 2 - 5 % of the observation time is sufficient). 


Only 10 minutes r.m.s. values measured during the time when the phase to phase 
supply voltage magnitude is within ± 15 % of the nominal voltage should be considered for 
the evaluation. 


Compliance with the EN is verified when 95 % of the sequence of valid 10 minutes 
values are within the specified tolerance (2 % or 3%). 


As far as the measurement technique is concerned, a feasible approach is given in 
Appendix A, subclause A2. 


3.6.10 Harmonic voltage 


The general approach of EN 50160 is to express all voltage characteristics by 
reference to the nominal voltage or declared voltage, as appropriate. 


                                                           
(3) The 10 minutes r.m.s. values corresponds to the true r.m.s. value evaluated with an integrating time 


equal to the chosen effective measuring time in a 10 minutes interval; its evaluation is carried out as given for 
harmonics in Appendix A, subclause A1, footnote (6). 







23002Ren9530 July 1995 25


Thus, although it defines harmonic voltages in relation to the fundamental voltage 
(sub-clause 1.3.21 of EN 50160), it gives LV values (table 1) in relation to the nominal 
voltage, and MV values (table 2) in relation to the declared voltage (sub-clauses 2.11 and 
3.11 of EN 50160, respectively). 


This deviates from the general practice (also followed by several standards), which is 
to express harmonic voltage components as percentage values relative to the fundamental. 


It must also be mentioned that many instruments used for harmonic measurements 
express their output with reference to the fundamental component of the voltage, especially 
those indicating the Total Harmonic Distortion Factor (THD). 


Therefore, it will be necessary to apply a conversion factor to any measurement of 
harmonics expressed as a percentage of the fundamental, before comparing it with the values 
in Table I and 2 of EN 50160. In most cases, however, this will not lead to significant 
differences, since the scaling factor will be very close to unity. 


Harmonic values are specified only up to order 25, for the practical reason that for 
higher orders the values are generally so small as to be impractical to measure, and because of 
the difficulty of giving values which would be relevant to all networks. 


In the following the harmonic distortion of voltage and current are characterised by 
the following parameters: 


- Individual Harmonic Distortion (IHD): the value of each single harmonic component 


- Total Harmonic Distortion (THD): the value of the total harmonic distortion including 
single harmonic components from 2nd to 25th order. 


The basic measurement consists of the 10 minutes r.m.s. values(4)  of IHD and THD, 
evaluated by instrumentation and methods complying with IEC Publication 1000-4-7 (EN 
61000-4-7) [11]. 


The measurements shall be carried out at the supply terminals (line to line voltage 
for MV and line to neutral voltage for LV), as applicable according to the terms of the supply 
contract. 


For example a line to ground connection of the voltage tranformers is needed on MV 
to measure the zero sequence voltage distortion. In this case it must be noted that on networks 
with an isolated neutral, the use of inductive voltage transformers with primary connected to 
ground could modify the zero sequence response of the network and introduce ferroresonance 
phenomena. 


The observation period shall be of one week, including Saturday and Sunday. 


Only 10 minutes r.m.s. values measured during the time when the input voltage 
magnitude is within ± 15 % of the nominal voltage should be considered for the evaluation. 


                                                           
(4) see Appendix A, subclause A1, footnote (6). 
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Compliance with the EN exists when 95 % of the 10 minute r.m.s. values are less 
than or equal to the specified limits. 


As far as the measurement technique is concerned, a feasible approach is given in 
Appendix A, subclause A1. 


3.6.11 Interharmonic voltage 


The phenomenon is still under consideration as far as standardisation is concerned, 
but the specification of the measurement instrumentation practically corresponds to that used 
for harmonics.  


For time-domain instrumentation a window width in the range from 0.16 to 0.5 sec. 
is recommended; in any case the window width and the dedicated software, if any, have to 
match the required bandwidth. 


Statistical evaluation of interharmonics, if necessary, should be carried out as 
described for harmonics. 


Generally in the measurement of interharmonics it is recommended to consider a 
frequency range; its centre and width must be chosen in accordance to the investigated 
phenomenon. For example in the analysis of interharmonic interferences on ripple control 
receivers, a bandwidth of 5 Hz at -3 dB centered on the frequencies of interest is suitable. 


3.6.12 Mains Signalling voltage on the supply voltage 


With regard to signal transmission over the public supply network there is to 
distinguish between: 


- ripple control systems, operating in a frequency range from 100 Hz to 3 kHz 


- carrier wave communication systems, operating in a frequency range from 3 kHz to 148,5 
kHz 


The voltage levels given in EN 50160 are based on the following: 


- 100 Hz to 900 Hz: The values are taken about from the so-called "Meister-curve" which 
defines the maximum permissible ripple control voltages in LV-networks. It consists of a 
horizontal part for the low frequency range with a maximum level of 20 V and a following 
decrease, starting at 500 Hz, according to the function 10.000/f (f in Hz). The Meister-curve 
is contained also in EN 61000-2-2, 1993 [10]. 


- 900 Hz to 3 kHz: The value of 5% Un corresponds with the maximum level for control 
voltages as given in EN 61000-2-2:1993 for the frequency range from 500 Hz to 2 kHz 


-3 kHz to 95 kHz: The values are defined on basis of EN 50065-1 [12], being doubled taking 
into account the defined measuring method 


- 95 kHz to 148,5 kHz: The values are defined on basis of EN 50065-1, being doubled taking 
into account the defined measuring method 
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Levels are defined equally for LV and MV in the range from 100 Hz to 9 kHz; for 
frequencies above 9 kHz the MV-part of EN 50160 doesn't give levels because of lack of 
experience and with a view to possible future developments. 


The values given in EN 50160 for mains communication equipment/systems 
(MCES) operating at frequencies > 3 kHz, are based on the maximum transmitter output 
levels according to EN 50065-1, paying attention to the fact that those levels express what is 
measured by a meter having an internal impedance equal to that of the transmission line, so 
that the actual levels on the line are to be doubled (see FIG. 3). 
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FIG. 3 Measuring arrangement for injected signals 


The observation period shall be one day. Only 3 second mean values measured 
during the time when the input voltage magnitude is within ±15 % of the nominal voltage 
should be considered for the evaluation. Compliance with the EN exists when 99 % of the 3 
seconds mean values are less than or equal to the specified limits. 


According to CENELEC EN 50065-1 the frequency-range from 95 kHz to 148,5 
kHz is reserved for the operation of mains communications equipment/systems  in customers' 
installations exclusively.  


The use of the public low voltage supply network for customers' MCES depends on 
the consent of the electricity supplier as well as possibly of competent (e.g. postal) 
authorities.  


However a migration of such signals into the public supply network with a residual 
voltage level is to be foreseen in any case. 


To avoid disturbing effects of these residual levels upon other customers' MCES or 
equipment, as well as on the communication systems of the power utilities (in the frequency 
range up to 95 kHz), a limitation of such residual voltages according to the specifications of 
the above-mentioned standard, if necessary, is to be provided by the user by taking 
appropriate mitigation measures (e.g. installing filters). EN 50160 mentions the problem with 
the aim of giving a comprehensive description of all the phenomena which may affect the 
voltage at the user terminals. 
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Figure 4 (courtesy of OKA - Oberösterreichische Kraftwerke AG) gives a synthetic 
view of the emission limits related to harmonics and mains signalling as reported by EN 
50160 and other standards. 


3.7 Private generation 


Electricity, as produced by the public power stations, is generally free of defects.  


When energy is supplied to the public networks from private generators, it is 
important to keep the level of disturbances under control.  


In this context, private generation is in the same position as any customer's 
installation and therefore has to comply with the related emission standards.  


Such compliance is therefore also a condition for the applicability of the EN 
standard. 
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4. ELECTROMAGNETIC COMPATIBILITY STANDARDS AND EN 50160 


4.1 Introduction 


The basic concepts of electromagnetic compatibility are described by the following 
terms: 


Electromagnetic 
disturbance 


Any electromagnetic phenomenon, which may degrade the 
performance of a device, equipment or system or adversely affect 
living or inert matter. 


(An electromagnetic disturbance may be an electromagnetic noise, an 
unwanted signal or a change in the propagation medium itself) 


Disturbance level The value of a given electromagnetic disturbance, measured in a 
specified way. 


(Disturbance levels are generally designated as 95 % probability values 
on a basis of a time statistics) 


Electromagnetic 
Compatibility 
(EMC) 


The ability of an equipment or system to function satisfactorily in its 
electromagnetic environment and without introducing intolerable 
electromagnetic disturbances to anything in that environment 


Electromagnetic 
Compatibility 
level 


The specified disturbance level at which an electromagnetic 
compatibility should exist. 


(The compatibility levels are reference values for purpose of co-
ordinating emission and mainly immunity of equipment; they are 
generally designated as 95 % probability values on a basis of time and 
system locations statistics) 


Planning level The specified disturbance level used mainly for planning purposes in 
evaluating the impact on the system of all disturbing consumers or 
equipment. 


(Planning levels are: 


 -internal reference values of the utilities 


 -generally equal to or lower than compatibility levels 


 -not standardised values, but only indicative values 


 -often used for emission co-ordination in determining the emission 
allowed to the   consumers 


- generally designated as 95 % probability values on a basis of a time 
statistics) 
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Total disturbance 
level 


The level of a given electromagnetic disturbance caused by the 
superposition of the emissions of all pieces of equipment in a given 
system 


(Total disturbance levels are generally designated as 95 % probability 
values on a basis of a time statistics) 


Conducted 
disturbance 


Electromagnetic phenomenon which propagates along the electricity 
supply conductors and/or signal-control connections. 


(In transmission distribution systems conducted disturbances can 
propagate along power lines and in some cases across transformers so 
that they may affect equipment distant from their source. The main 
types of conducted disturbances are harmonics, interharmonics, voltage 
fluctuations, voltage dips and short supply interruptions, voltage 
unbalance, mains frequency variation.) 


Emission The phenomenon by which an electromagnetic disturbance emanates 
from a source 


Emission level Level of a disturbance injected into the surrounding space or into the 
supply conductors 


(Emission levels are generally designated as 95 % probability values 
on a basis of a time statistics) 


Immunity The ability of a device, equipment, or system to function without 
degradation of its specified performance in the presence of an 
electromagnetic disturbance 


Immunity level The maximum level of a given electromagnetic disturbance, incident in 
a specified way on a particular device, equipment or system, at which 
no degradation of its specified performance occurs 


(Immunity levels are test levels) 


Susceptibility The inability of a device, equipment, or system to function without 
degradation of its specified performance in the presence of an 
electromagnetic disturbance 


The fundamental objective of EMC co-ordination is to ensure that: 


- emission from each separate source of disturbance are such that the combined emissions 
from all sources do not exceed the conventionally accepted level of disturbance to be 
expected in the environment. 


- equipment immunity is provided to permit the appropriate, specified, level of performance at 
the conventionally expected level of disturbance. 
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This environment is determined by the specific characteristics of the user plant 
(internal electric installation and loads) and by the voltage characteristics available at the 
supply terminals. 


A task carried out by EMC standardisation has been therefore to establish the 
compatibility levels against which the immunity of equipment can be gauged. This has been 
done by defining some reference environments [21]: 


- protected supply systems  (Class 1) 


- public supply systems  (Class 2) 


- industrial internal supply systems  (Class 3) 


As far as the public supply systems are concerned, the compatibility levels chosen by 
EMC standardisation, although derived from the practical experience, are also the result of a 
compromise between the requirements of equipment manufacturers and those of electricity 
suppliers. 


As a matter of fact, choosing compatibility levels too low, would imply an excessive 
restriction of emissions or costly upgradings of the supply systems, whilst levels too high 
would require excessive immunity levels, which would produce unacceptable increases in the 
cost of user equipment, although in presence of less restrictions in emission requirement. 


Prerequisite for compliance with compatibility levels is then the specification of user 
plant emission limits with an appropriate margin below the compatibility levels, considering 
to this effect the summation of the emissions of all the users´ installations supplied by the 
same network. This can be done on a case by case basis for large MV user plants, but the 
approach would not be practical for other MV users and LV users. 


EMC standardisation takes care of this problem by issuing "product standards", 
which specify emission limits for families of equipment. The general idea is that having 
established these limits, the equipment can be used without need of further verification of the 
compliance between emission and compatibility. 


4.2 Voltage characteristics  versus compatibility levels 


In the sense of the actual definitions given in the existing standardisation the 
compatibility levels ought to reflect the real conditions in supply networks. With regard to the 
task of the compatibility levels - to represent the basis for management of EMC in the public 
networks - they should also represent a mirror of the expectable network conditions, at least 
for the nearer future. 


From today's point of view the compatibility levels appear as levels which may be 
complied with considering economic aspects, with high probability, taking into account: 


- an effective co-ordination of emission and immunity, by application of appropriate emission 
limits and immunity requirements for customers' equipment and installations 


- local reinforcement of supply networks if occasion arises. 
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Just so the compatibility levels serve as guiding values for designing and selecting 
the immunity of electrical equipment, that to be done corresponding with the kind of 
application and the needs for reliability. Compatibility levels don't give information about the 
excursions of the disturbance levels. 


Moreover compatibility levels can be exceeded with a 5 % probability in time and 
also in locations of the supply network, whilst voltage characteristics can be exceeded for 5 % 
of a specified observation period, but are referred to all supply terminals in a network. This 
explains why for some of the voltage characteristics the EN 50160 values are higher than the 
compatibility levels, as they dispense with the possibility that in a few locations the levels can 
be exceeded. 


Summing up, to correspond with the reality of supply networks throughout the 
different network structures and geographical situations in Europe, for the description of the 
characteristics of the supply voltage a choice of values higher than the compatibility levels 
has been sometimes necessary. 


It must be stressed that the voltage characteristics serve as a reference concerning the 
electricity supply, as an indication on its expected performance and as a guiding criterion for 
selecting the immunity of user equipment. Test levels for proving immunity of electrical 
equipment should therefore be chosen with an appropriate margin, depending on the kind of 
application and the required reliability.  


Figure 5 shows the relationships and the mutual effects between the standardisation 
process, the supply system and the user installation.  


Figures 6 and 7 show the interaction of the different before mentioned levels in the 
perspective of EMC co-ordination, in a deterministic and statistical representation, 
respectively. 
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FIG. 5 Relation between standardisation, management of voltage characteristics, user 
equipment and installation options  


It is to be recognised that emission limitation and the consequent disturbance levels 
in the supply networks, compatibility levels, product levels and the selection of equipment 
immunity form a closed process. 


That requires a careful dimensioning of all standardising choices and appropriate 
construction of equipment - and possibly iterative modifications, to ensure compliance with 
the product levels and in particular with the compatibility levels.  


Attention should be paid to the fact that measures of adaptation in the course of this 
process, for restoration of previous EMC levels, will involve longer time and higher costs. 


Compatibility levels are already exceeded at some locations and this will become 
more common in the future. This is because the emission from customers' installations are 
increasing more than expected, due to insufficient limitation of emission by the product 
standards [14, 15, 16]. 


That means that EMC compliance with regard to the existing immunity of equipment 
is not guaranteed any longer. Regarding this situation, setting of increased compatibility 
levels seems to be a solution for the above mentioned problems, only to a small degree. 
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(1): Defined by Standards or Electricity Supplier (maximum or 95% value) 


(2): For a network location with a medium-high disturbance 


(3): Defined by Electricity Supplier (time statistics, 95% value) 


(4): Defined by Standards (time and location statistics, 95% value) 


(5): Defined by Standards (time statistics, 95% value) 


(6): Defined by Standards or agreed between User and Manufacturer 


FIG. 6 Deterministic representation of the co-ordination of conducted disturbances. Mutual 
relationships of an individual plant emission, total supply system disturbance, planning 
level, voltage characteristic and immunity level. 
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A: Total supply network disturbance (time/location statistics) 


B: Location with medium-low total disturbance 


C: Location with an high total disturbance 


FIG. 7 Co-ordination of equipment immunity with the expected statistical distribution of total 
disturbance and position of the EMC reference levels and voltage characteristics 


4.3 Electromagnetic Compatibility and the role of the electricity distributors 


The electricity distributors are concerned particularly with the electromagnetic 
disturbances which are described as "conducted disturbances". The distributors are the 
operators of a network which is provided for the sole purpose of delivering an electricity 
supply to the consumers, but which unintentionally on their part becomes the medium on 
which electromagnetic disturbances are conducted from their sources to susceptible 
equipment.  


In the case of many of the disturbances, both the sources and the susceptible 
equipment are situated within the electricity consumers' installations, outside the direct 
control of the distributors. 
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Nevertheless, since it is the ambition of the distributors to deliver electricity which is 
as free from disturbances as possible and feasible, they have a vital interest in ensuring that 
the emission of conducted disturbances is kept within acceptable limits. For this reason, they 
give strong support to international standardisation which seeks to establish effective limits to 
disturbance emission. 


In common with all other environments which are subject to pollution, the 
electromagnetic environment is best protected by limiting emissions at source, rather than by 
attempting corrections at other points in the environment, after problems have been detected. 
Because some degree of emission of disturbances is inevitable, the distributors also support 
immunity standards which promote the design of equipment tolerant of a reasonable level of 
disturbance. 


An increasingly large proportion of conducted disturbances have their source in the 
section of the environment described as residential, commercial and light industrial.  


As the equipment in this environment is comprised of large numbers of individually 
small items, the most appropriate, in fact the only feasible way to promote electromagnetic 
compatibility, is to ensure that the design of the equipment is such that disturbance emissions 
are adequately controlled, having regard to the additive effect of emissions from multiple 
sources and that there is adequate equipment immunity to disturbances.  


This implies that appropriate standards for both emission and immunity are not only 
adopted but implemented in practice [14, 15, 16 and future IEC Guide for harmonic emission 
of equipment > 16 A]. 


The distributors are concerned also with the larger installations which may be the 
source of significant levels of disturbance emission.  


It is mandatory, and usually is a condition of supply, that these emissions be 
maintained below levels which, in combination with emissions from all other sources, would 
interfere unduly with the performance of other users' equipment. 


It is generally necessary, therefore, to set down specific emission limits for each 
large installation. In setting such limits distributors are confronted by the difficulty of 
estimating the levels of disturbances which will be emitted from other sources, how these will 
be propagated through the supply networks and what their aggregate effect will be at any 
specific location.  


All these matters are largely unpredictable, being dependent on numerous random 
factors. 


The limits set, therefore, are subject to continuous review in the light of actual 
experience. 


Apart from the difficulty of making accurate estimates or predictions of the resultant 
levels of emissions from multiple sources, the need for review may arise from other factors 
also.  
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One is that there can be no certainty that the limits set by international emission 
standards will prove to be effective in promoting compatibility.  


Moreover manufacturers, users, etc. may fail to comply with the standards that have 
been set, and it may not be possible to ensure enforcement. 


In these circumstances it must be accepted that, whenever necessary, the users of 
equipment will bear the costs of maintaining emissions from that equipment below the levels 
which are prescribed, including the cost of reducing emissions to whatever new limits may 
prove to be necessary from time to time.  


As an alternative to the direct reduction of emissions from a particular installation, it 
may occasionally be feasible to choose either a method of connection to the supply system or 
a point at which the connection is made, so that the emissions are mitigated to an acceptable 
degree.  


The cost of any such special arrangement is chargeable to the user in respect of 
whom it is undertaken. 
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APPENDIX A: MEASUREMENT APPROACHES 


A1 Harmonic and interharmonic voltage 


As far as the measurement of harmonics and interharmonis is concerned, it must be 
noted that at the present time the problem is still open and the relevant standards are not yet 
complete. The following basic measurement aspects in agreement with IEC Publication 1000-
4-7 and verified by experience [17], [18] are given as a feasible approach: 


- Instrumentation operating both in frequency-domain and time-domain (Fast Fourier 
Transform or digital filters) may in principle be used; for fast changing harmonics it is 
recommended to use time-domain instrumentation 


- for frequency-domain instrumentation: 


A bandwidth in the range 3 Hz to 10 Hz is normally suitable, but a bandwidth of 3 ±0.5 
Hz (-3 dB) with a minimum attenuation of 25 dB at frequencies fh±15 Hz is 
recommended in critical cases ( for instance harmonic emissions close to the limit 
levels). 


- for time-domain instrumentation: 


Sampling rate: ≥ 5 kHz 


Rectangular and Hanning windowing are both suitable. For the rectangular windowing, 
which is the most commonly used, the following ranges of opening times (Tw) are 
recommended, in order to comply with the measurement requirements related to the 
different situations which can be met in practice: 


Quasi-stationary harmonics: Tw = 0.1   to 0.5  sec(5)  


Fluctuating harmonics  Tw = 0.16  to 0.32  sec 


Fast changing harmonics  Tw = 0.08  to 0.16  sec 


 


In case of fluctuating harmonics it is to be noted that a rectangular window of 16 cycles 
(16*0.02=0.32sec) gets an equivalent selectivity of 3 Hz at -3dB. In any case 
experience has shown that larger windows may be used if the adjacent rows of the 
spectrum are taken into account through suitable weighting [17] 


- Gaps between windows: 


Quasi-stationary harmonics: gap-times may be introduced; following IEC Publication 
1000-4-7 it is preferred not to exceed a gap-time of 10 sec, but experience has shown 
that longer gap-times may be used. 


                                                           
(5) window  width or duration of the window. 
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Fluctuating and fast changing harmonics: following IEC Publication 1000-4-7 no gap is 
recommended; experience has shown [17, 18] that gap-times up to 10-40 times the 
window width are allowed with a good accuracy. 


- The basic measurement of 10 minute r.m.s. value(6) is derived from a series of 3 sec. r.m.s. 
values (time consecutive values). The integrating time of 10 minutes is understood as a 
basic fixed time interval and not as an effective measuring time (following IEC Publication 
1000-4-7 at least 100 elementary windows should be considered). 


- Each 3 second r.m.s. value is obtained from a series of consecutive elementary windows; it 
is recommended that this integrating time of 3 seconds correspond to an effective measuring 
time. Figure A1 shows the proposed scheme of measuring timing. 


- The evaluation of the measurements should be equivalent to a response characteristic 
matching the frequency-domain instumentation with an output time constant of 1.5 seconds, 
achieved by analogue or software handling of the acquired data. 


                                                           
(6) In the case of an effective measuring time equal to 10 minutes (no gaps between measuring 


windows), the 10 minute r.m.s. value corresponds to the true r.m.s. value evaluated with an integrating time 
equal to 10 minutes 


In case of an effective measuring time less than 10 minutes (with gaps between windows), the 
integration time for the evaluation of the r.m.s. value is obviously equal to the effective measuring time. 


The 10 minute r.m.s. value UhSh for a voltage Individual Harmonic Distortion of order h , is then 
given by: 
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where: N  = number of 3 seconds r.m.s. values evaluated during any interval of 10 minutes 
  UhVs,i = ith  3 seconds r.m.s. value  of the harmonic voltage of order h, given by: 
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where:  M   = number of samples in the effective measuring time of about 3 seconds  


Uhk = individual harmonic voltage of order h of the kth sample  (each sample is 
relevant to a single calculated Fast Fourier Transform (FFT) values Ch 
corresponding to the chosen sampling window Tw) 


The THD is then evaluated from the measured IHD values, with a similar approach. 
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FIG.A1 Scheme of measuring timing for harmonics 


A2 Supply voltage unbalance 


An option for voltage unbalance measurement taken from [19] consists of using three 
voltmeters connected between phases (L1-L2, L2-L3 and L3-L1) and applying the following 
expressions: 
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Where: Uu = voltage unbalance 


 ULL1-2, ULL2-3 and ULL3-1 = line to line voltages 
 





