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Thank you for purchasing a Power & Energy Logger PEL102 or PEL103. To obtain the best service from your unit:
 � read these operating instructions carefully,
 � comply with the precautions for use.

Definition of measurement categories
 � Measurement category IV corresponds to measurements taken at the source of low-voltage installations.

Example: power feeders, meters and protection devices.
 � Measurement category III corresponds to measurements on building installations.

Example: distribution panel, circuit-breakers, machines or fixed industrial devices.
 � Measurement category II corresponds to measurements taken on circuits directly connected to low-voltage installations.

Example: power supply to domestic electrical appliances and portable tools.

 

PRECAUTIONS FOR USE

This instrument complies with safety standard IEC 61010-2-030, the leads comply with IEC 61010-031 for voltages of 1000 V in 
measurement category III or 600 V in measurement category IV and the current sensors comply with IEC 61010-2-032.
Failure to observe the safety instructions may result in electric shock, fire, explosion, and destruction of the instrument and of the 
installations.

 �  The operator and/or the responsible authority must carefully read and clearly understand the various precautions to be taken 
in use. Sound knowledge and a keen awareness of electrical hazards are essential when using this instrument.

 � For your safety, use only the compatible leads and accessories delivered with the instrument. When sensors or accessories 
having a lower voltage rating and/or category are connected to the instrument, the lower voltage and/or category applies to 
the system so constituted.

 � Before each use, check that the leads, enclosures, and accessories are in perfect condition. Any lead, sensor or accessory on 
which the insulation is damaged (even partially) must be repaired or scrapped. 

 � Do not use the instrument on networks of which the voltage or category exceeds those mentioned.
 � Do not use the instrument if it seems to be damaged, incomplete, or poorly closed.
 � Use only the AC power adapter supplied by the manufacturer.
 � When removing and replacing the SD-Card, make sure that the device is disconnected and switched off.
 � We recommend using Personal Protection Equipment where required.
 � Keep your hands away from unused terminals.
 � If the instrument is wet, dry it before connecting it.
 � All troubleshooting and metrological checks must be performed by competent and accredited personnel.

WARNING, risk of DANGER! The operator must refer to these instructions whenever this danger symbol appears.
 
Equipment protected by double insulation. Earth.

USB socket.  Ethernet socket (RJ45).

SD Card.  Main power supply input.

Important instructions to read and to fully understand. Useful information or tip to read. 

The product has been declared recyclable after analysis of its life cycle in accordance with the ISO14040 standard. 

The CE marking indicates conformity with European directives, in particular LVD and EMC.

The rubbish bin with lines through it indicates that, in the European Union, the product must undergo selective disposal in 
compliance with Directive WEEE 2002/96/EC. This equipment must not be treated as household waste.
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1. GETTING STARTED

1.1. DELIVERY CONDITION

Figure 1

No. Designation Quantity

1 PEL102 or PEL103 (depends on the model). 1

2 Black safety leads, 3m, banana-banana, straight-straight attached by a Velcro tie. 4

3 Black crocodile clips. 4

4 CD with user’s manuals and PEL Transfer software. 1

5 Type A-B USB cord 1.5m. 1

6 Mains cord 1.5m. 1

7 Carrying bag. 1

8 Set of inserts and rings for marking the leads and current sensors according to phase. 12

9 8 GB SD-card (in the instrument). 1

10 USB SD-Card adapter. 1

11 Checking attestation. 1

12 PEL safety sheet. 1

13 Quick start guide. 15

14 MA193 MiniFLEX® Current Sensors (depends on the model). 3

15 MA193 clamp safety sheet (depends on the model). 1

Table 1

190, rue Championnet
75876 PARIS Cedex 18

FRANCE

ATTESTATION DE VERIFICATION
CHECKING ATTESTATION

Numéro de l'appareil :
Equipment number

Établi en usine, ce document atteste que le produit ci-dessus a été véri�é et est conforme aux
conditions d'acceptation dé�nies dans nos procédures de fabrication et de contrôle.

Tous les moyens de mesure et d'essai utilisés pour véri�er cet appareil sont raccordés aux
étalons nationaux et internationaux soit par l'intermédiaire d'un de nos laboratoires de métrologie

accrédités COFRAC soit par un autre laboratoire accrédité.

Après sa mise en service, cet instrument doit être véri�é à intervalle régulier
auprès d'un service de métrologie agréé.

Pour tout renseignement veuillez contacter notre service après vente et d'étalonnage.

At the time of manufacture, this document certi�es that the above product have been veri�ed and
complies with acceptance conditions de�ned in our manufacturing and testing procedures.

Every test or measuring equipment used to verify this instrument are related to national
and international standards through one of our laboratories of metrology certi�ed by french COFRAC

equivalent to NAMAS in the UK or through another certi�ed laboratory.

After being in use, this instrument must be recalibrated within regular intervals
by an approved metrology laboratory. Please contact our after sales and calibration department:

Service après vente et d'étalonnage TEL: +33 (2) 31 64 51 55      FAX: +33 (2) 31 64 51 72
After sales and calibration department e-mail: inf o@man umesure.fr

WEB : www.manumesure.com
www.chauvin-arnoux.com

Véri�é par :
Tested by

ATTESTATION DE CONFORMITE
COMPLIANCE ATTESTATION

Nous certi�ons que ce produit a été fabriqué conformément aux spéci�cations
techniques de constuction applicables.

We certify that this product is manufactured in accordance with applicable
constructing speci�cations.

907 009 119 - 02/03

Type / Model :

Désignation de l'instrument :
Instrument designation

Signature :
Signature

� ���� �

�

�

�

�
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POWER & ENERGY LOGGER

Fiche de sécurité des PEL102/103

Français

Vous venez d’acquérir un enregistreur d’énergie et de puissance PEL102 ou 
PEL103 et nous vous remercions de votre confiance.

Pour obtenir le meilleur service de votre appareil :
 lisez attentivement cette notice de fonctionnement,
 respectez les précautions d’emploi.

ATTENTION, risque de DANGER ! L’opérateur doit consulter la présente 
notice à chaque fois que ce symbole de danger est rencontré.
 
ATTENTION, risque de choc électrique.  La tension appliquée sur les 
pièces marquées de ce symbole peut être dangereuse.

Appareil protégé par une isolation double.

Prise USB.

Prise Ethernet (RJ45).

Prise secteur.

Carte SD.

Système d’antivol Kensigton.

Terre. 

Le produit est déclaré recyclable suite à une analyse du cycle de vie 
conformément à la norme ISO14040. 

Le marquage CE indique la conformité aux directives européennes, 
notamment DBT et CEM.

La poubelle barrée signifie que, dans l’Union Européenne, le produit 
fait l’objet d’une collecte sélective conformément à la directive DEEE 
2002/96/EC . Ce matériel ne doit pas être traité comme déchet ménager.

Définition des catégories de mesure
 La catégorie de mesure IV correspond aux mesurages réalisés à la source 

de l’installation basse tension.
Exemple : arrivée d’énergie, compteurs et dispositifs de protection.

 La catégorie de mesure III correspond aux mesurages réalisés dans 
l’installation du bâtiment.
Exemple : tableau de distribution, disjoncteurs, machines ou appareils 
industriels fixes.

 La catégorie de mesure II correspond aux mesurages réalisés sur les circuits 
directement branchés à l’installation basse tension.
Exemple : alimentation d’appareils électrodomestiques et d’outillage portable.

Précautions d’emploi  
Cet appareil et ses accessoires sont conformes aux normes de sécurité IEC 61010-
1, IEC 61010-031 et IEC 61010-2-030 pour des tensions de 1000 V en catégorie 
III, ou 600 V en catégorie IV.
Le non-respect des précautions d’emploi peut entraîner un risque de choc 
électrique, de feu, d’explosion, de destruction de l’appareil et des installations.

  L’opérateur et/ou l’autorité responsable doit lire attentivement et avoir une 
bonne compréhension des différentes précautions d’emploi. Une bonne 
connaissance et une pleine conscience des risques des dangers électriques 
est indispensable pour toute utilisation de cet appareil.

 Utilisez spécifiquement les cordons et accessoires fournis. L’utilisation de 
cordons (ou accessoires) de tension ou catégorie inférieures réduit la tension 
ou catégorie de l’ensemble appareil + cordons (ou accessoires) à celle des 
cordons (ou accessoires).

 Avant chaque utilisation, vérifiez le bon état des isolants des cordons, boîtier 
et accessoires. Tout élément dont l’isolant est détérioré (même partiellement) 
doit être consigné pour réparation ou pour mise au rebut. 

 N’utilisez pas l’appareil sur des réseaux de tensions ou de catégories 
supérieures à celles mentionnées.

 N’utilisez pas l’appareil s’il semble endommagé, ouvert ou mal remonté.

 Pour la recharge de la batterie, utilisez uniquement le bloc secteur fourni 
avec l’appareil.

  Lors du remplacement de la batterie ou de la carte SD, vérifiez que l’appareil 
est bien débranché et éteint.

 Utilisez les moyens de protection adaptés.

 Ne gardez pas les mains à proximité des bornes de l’appareil.

 Si les bornes sont mouillées, séchez-les avant de brancher l’appareil.

Conditions d’environnement
 Utilisation à l’intérieur. 
 Domaine d’utilisation: 0°C à 50°C, humidité : 80% jusqu’à 42°C (décroissance 

linéaire à 75% à 50°C).
 Altitude < 2 000 m.
 Degré de pollution : 2.
 Tension d’alimentation: 110 V à 250 V, 50-60 Hz.
 Protection mécanique: IP54 (appareil non connecté).

Español Italiano Magyar

Scheda di sicurezza PEL102/103Ficha de seguridad PEL102/103

„Power & Energy Logger PEL102/103“.

perskaitykite
paisykite

Avete appena acquistato un registratore d’energia e di potenza PEL102 o 
PEL103. Vi ringraziamo per la fiducia che ci avete accordato.

Per ottenere le migliori prestazioni dal vostro strumento:
 leggete attentamente il presente manuale d’uso.
 rispettate le precauzioni d’uso. 

ATTENZIONE, rischio di PERICOLO! L’operatore deve consultare il 
presente manuale ogni volta che vedrà questo simbolo di pericolo.
 
ATTENZIONE rischio di elettrocuzione. La tensione applicata sui pezzi 
contrassegnati da questo simbolo può essere pericolosa.

Strumento protetto da isolamento doppio.

Presa USB.

Presa Ethernet (RJ45).

Presa rete.

Scheda SD.

Sistema antifurto Kensigton.

Terra. 

Il prodotto è dichiarato riciclabile in seguito ad un’analisi del ciclo di vita 
conformemente alla norma ISO14040. 

La marcatura CE indica la conformità alle direttive europee , 
segnatamente DBT e CEM.

La pattumiera sbarrata significa che nell’Unione Europea, il prodotto è 
oggetto di smaltimento differenziato conformemente alla direttiva DEEE 
2002/96/CE: questo materiale non va trattato come rifiuto domestico.

Definizione delle categorie di misura
 La categoria di misura IV corrisponde alle misure effettuate alla fonte 

dell’impianto a bassa tensione.
Esempio: erogazione di energia, contatori e dispositivi di protezione. 

 La categoria di misura III corrisponde alle misure effettuate sull’impianto 
dell’edificio.
Esempio: quadro di distribuzione, interruttori automatici, macchine o 
apparecchi industriali fissi. 

 La categoria di misura II corrisponde alle misure effettuate sui circuiti che 
sono direttamente collegati all’impianto a bassa tensione.
Esempio: alimentazione di elettrodomestici e attrezzi portatili.

Precauzioni d’uso  
Questo strumento e relativi accessori sono conformi alle norme di sicurezza IEC 
61010-1, IEC 61010-031 e IEC 61010-2-030 per tensioni di 1000 V in categoria 
III, oppure 600 V in categoria IV.
Il mancato rispetto delle precauzioni d’uso può comportare un rischio di 
elettrocuzione, incendio, esplosione, distruzione dello strumento e degli impianti.

 L’operatore e/o l’autorità responsabile deve leggere attentamente e 
comprendere bene le varie precauzioni d’uso. Una buona conoscenza e 
una piena coscienza dei rischi dei pericoli elettrici è indispensabile per ogni 
utilizzo del presente strumento.

 Utilizzate secondo le specifiche i cavi e gli accessori forniti. L’utilizzo di cavi 
(o accessori) di tensione o categoria inferiore riduce la tensione o categoria 
dell’insieme strumento + cavi (o accessori) a quella dei cavi (o accessori).

 Prima di ogni utilizzo, verificate le buone condizioni degli isolanti di cavi, 
cassette e accessori. Qualsiasi elemento il cui isolante è deteriorato (seppure 
parzialmente) va isolato per opportuna riparazione o per trasporto in discarica. 

 Non utilizzate lo strumento su reti di tensioni o categorie superiori a quelle 
menzionate.

 Non utilizzate lo strumento se vi sembra danneggiato, aperto o rimontato male.

 Per la ricarica della batteria, utilizzate unicamente il blocco rete fornito con 
lo strumento.

  In fase di sostituzione della batteria o della scheda SD, verificate che lo 
strumento sia correttamente disinserito e spento.

 Utilizzate gli appropriati mezzi di protezione.

 Non avvicinate le mani ai morsetti dello strumento.

 Se i morsetti sono bagnati asciugateli prima di collegare lo strumento.

Condizioni ambientali
 Utilizzo all’interno. 
 Campo d’utilizzo: da 0°C a 50°C, umidità: 80% fino a 42°C (calo lineare al 

75% a 50°C).
 Altitudine < 2 000 m.
 Grado d’inquinamento: 2.
 Tensione d’alimentazione: da 110 V a 250 V, 50-60 Hz.
 Protezione meccanica: IP54 (strumento non collegato).

Acaba de adquirir un registrador de energía y de potencia PEL102 o PEL103 y 
le agradecemos la confianza ha depositado en nosotros.

Para conseguir las mejores prestaciones de su instrumento:
 lea atentamente el manual de instrucciones,
 respete las precauciones de uso. 

¡ATENCIÓN, riesgo de PELIGRO! El operador debe consultar el presente 
manual cada vez que visualiza este símbolo de peligro.
 
ATENCIÓN, riesgo de choque eléctrico.  La tensión aplicada en las 
piezas marcadas con este símbolo puede ser peligrosa.

Instrumento protegido por un aislamiento doble.

Toma USB.

Toma Ethernet (RJ45).

Enchufe.

Tarjeta SD.

Sistema antirrobo Kensigton.

Tierra. 

El producto se ha declarado como reciclable tras un análisis del ciclo 
de vida de conformidad con la norma ISO14040. 

La marca CE indica la conformidad con las directivas europeas DBT 
y CEM.

El contenedor de basura tachado indica que, en la Unión Europea, 
el producto será objeto de una recogida selectiva de acuerdo con la 
directiva DEEE 2002/96/EC. Este equipo no se debe tratar como un 
residuo doméstico.

Definición de las categorías de medida
 La categoría de medida IV corresponde a las medidas realizadas en la fuente 

de instalación de baja tensión.
Ejemplo: entradas de energía, contadores y dispositivos de protección.

 La categoría de medida III corresponde a las medidas realizadas en la 
instalación del edificio.
Ejemplo: cuadro de distribución, disyuntores, máquinas o aparatos 
industriales fijos. 

 La categoría de medida II corresponde a las medidas realizadas en los 
circuitos directamente conectados a la instalación de baja tensión.
Ejemplo: alimentación de aparatos electrodomésticos y de herramientas 
portátiles. 

Precauciones de uso  
Este instrumento y sus accesorios cumplen con las normas de seguridad IEC 
61010-1, IEC 61010-031 e IEC 61010-2-030 para tensiones de 1.000 V en categoría 
III, o 600 V en categoría IV.
El incumplimiento de las precauciones de uso puede ocasionar un riesgo de 
descarga eléctrica, fuego, explosión, destrucción del instrumento e instalaciones.

 El operador y/o la autoridad responsable debe leer detenidamente y entender 
correctamente las distintas precauciones de uso. El pleno conocimiento de los 
riesgos eléctricos es imprescindible para cualquier uso de este instrumento.

 Utilice específicamente los cables y accesorios suministrados. El uso de 
cables (o accesorios) de tensión o categoría inferiores reduce la tensión 
o categoría del conjunto instrumento + cables (o accesorios) a la de los 
cables (o accesorios).

 Antes de cada uso, compruebe que los aislamientos de los cables, carcasa 
y accesorios estén en perfecto estado. Todo elemento cuyo aislante 
está dañado (aunque parcialmente) debe apartarse para repararlo o para 
desecharlo. 

 No utilice el instrumento en redes de tensiones o categorías superiores a 
las mencionadas.

 No utilice el instrumento si parece estar dañado, abierto o mal montado.

 Para la recarga de la batería, utilice únicamente el adaptador de corriente 
suministrado con el instrumento.

  Al sustituir la batería o la tarjeta SD, cerciórese de que el instrumento está 
desconectado y apagado.

 Utilice medios de protección adecuados.

 No mantenga las manos cerca de los bornes del instrumento.

 Si los bornes están mojados, séquelos antes de conectar el instrumento.

Condiciones del entorno
 Utilización en interiores. 
 Rango de uso: desde 0°C hasta 50°C, humedad: un 80% hasta 42°C 

(disminución lineal a 75% a 50ºC).
 Altitud < 2000 m.
 Grado de contaminación: 2.
 Tensión de alimentación: 110 V a 250 V, 50-60 Hz.
 Protección mecánica: IP54 (instrumento sin conectar).

05 - 2012
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English 
 

Mini FLEX ®  MA193 Safety Datasheet 
 

Thank you for purchasing a Mini FLEX
®

 MA193 �exible current sensor . For best results from 
your instrument: 
�� read  these operating instructions carefully, 
�� comply  with the precautions for use. 
 

 

WARNING, risk of HAZARD! The operator must refer to these instructions 
whenever this danger symbol appears. 

 
Equipment protected throughout by double insulation. 

 

Must not be applied to or removed from uninsulated hazardous live conductors. 
Type B current sensor as per IEC 61010-2-032.  

 
The CE marking indicates conformity with European directives, in particular 
LVD and EMC. 

 

The rubbish bin with a line through it indicates that, in the European Union, the 
product must undergo selective disposal in compliance with Directive WEEE 
2002/96/EC. This equipment must not be treated as household waste. 

  
De�nition of measure ment categories: 
�� Measurement category IV corresponds to measurements taken at the source of low-voltage 

installations.  
Example: power feeders, counters and protection devices.  

�� Measurement category III corresponds to measurements on building installations. 
Example: distribution panel, circuit-breakers,  machines or �xed industrial devices.  

�� Measurement category II corresponds to measurements taken on circuits directly connected 
to low-voltage installations. 
Example: power supply to electro-dom estic devices and portable tools.  

 
Technical speci�cations 
Maximum current: 12 kA 
Measurement category: 600 V CAT IV / 1000 V CAT III 
Pollution degree: 2 
 
Environmental conditions 
Operating temperature: -10°C to 50°C 
Humidity: 85% up to 42 °C (decreasing linearly to 75% at 50 °C) 
Altitude: 2 000 m 
 
Precautions for use 
This sensor is protected against voltages that do not exceed 1,000 V to earth in CAT III or 
600 V CAT IV. 
The protection provided by the sensor may be impaired if it is used other than as speci�ed by 
the manufacturer. 
�� Do not exceed the rated maximum voltage and current or the measurement category.  
�� Observe the conditions of use, namely the temperature, the relative humidity, the altitude, the 

level of pollution, and the place. 
�� Do not use the sensor if its casing is open, damaged or incorrectly reassembled. Before each 

use, check the integrity of the coil insulation. 
�� Use suitable personal protective equipment when parts at hazardous voltages may be 

accessible in the installation where the measurement is made or de-energize the installation. 
�� All troubleshooting and metrological checks must be done by competent, accredited 

personnel. 
 
Cleaning 
�� Disconnect the sensor. 
�� Use a soft cloth, dampened with soapy water. Rinse with a damp cloth and dry rapidly with a 

dry cloth or forced air. Do not use alcohol, solvents, or hydrocarbons.  
 

 Cesky 
 

Mini FLEX ®  MA193 Bezpe č nostní list 
 

Děkujeme vám, že jste si zakoupili p řístroj Mini FLEX
®

 MA193 – �exibilní sníma č proudu . 
Pro dosažení co nejlepších výsledk ů při práci s p řístrojem dodržujte následující: 
�� Pozorn ě si přečtěte tyto pokyny k použití. 
�� P ři použití  dodržujte příslušná opat ření. 
 

 

POZOR, NEBEZPE Č Í! Každý výskyt tohoto symbolu vyžaduje p řečtení těchto 
pokynů uživatelem. 

 
Za řízení je chrán ěno dvojitou izolací. 

 

Není povoleno p řipojovat ani odpojovat od vodi čů pod nebezpe čným nap ětím. 
Sníma č proudu typ B dle normy IEC 61010-2-032.  

 
Zna čka CE ozna čuje shodu se sm ěrnicemi EU, konkrétn ě se sm ěrnicemi LVD a 
EMC. 

 

Symbol odpadkového koše s p řeškrtnutím ozna čuje, že v rámci Evropské unie 
je třeba s produktem p ři likvidaci nakládat jako s t říděným odpadem dle 
sm ěrnice WEEE 2002/96/EC. Toto za řízení nelze považovat za domovní 
odpad. 

  
De�nice kategorií m ěř ení: 
�� Kategorie m ěření IV odpovídá m ěření provád ěnému na zdroji nízkonap ěťových instalací.  

P říklad: napájecí za řízení, m ěřiče a ochranná za řízení.  
�� Kategorie m ěření III odpovídá m ěření u domovních instalací. 

P říklad: rozvad ěč e, jisti če, stroje nebo stabilní pr ůmyslová za řízení.  
�� Kategorie m ěření II odpovídá m ěření provád ěnému na obvodech p římo připojených 

k nízkonap ěťovým instalacím. 
P říklad: napájení elektrických p řístrojů pro domácnost a p řenosných nástroj ů.  

 
Technické speci�kace 
Maximální proud: 12 kA 
Měřící kategorie: 600 V CAT IV / 1000 V CAT III 
Úrove ň zne čištění: 2 
 
Podmínky prost ředí 
Provozní teplota: -10°C až 50°C 
Vlhkost: 85% p ři teplotě 42°C (klesající úm ěrně na 75 % p ři teplotě 50°C) 
Nadmo řská výška: 2 000 m 
 
Varování týkající se použití 
Tento sníma č je chrán ěn před nap ětím, které nep řekra čuje 1 000 V vzhledem k uzemn ění 
v kategorii CAT III nebo 600 V v kategorii CAT IV. 
Ochrana poskytovaná sníma čem m ůže být narušena, je-li p řístroj používán jiným zp ůsobem, 
než jaký uvádí jeho výrobce. 
�� Nepřekra čujte maximální jmenovité nap ětí a proud ani nem ěňte kategorii m ěření.  
�� Dodržujte podmínky použití, konkrétn ě teplotu, relativní vlhkost, nadmo řskou výšku, intenzitu 

zne čištění a umíst ění. 
�� Nepoužívejte sníma č, je-li jeho kryt otev řen, poškozen nebo nesprávn ě sestaven. P řed 

každým použitím zkontrolujte, zda není porušena izolace cívky. 
�� Používejte vhodné ochranné vybavení, jestliže m ůže p ři měření dojít ke kontaktu s částmi 

pod nebezpe čným nap ětím nebo odpojte instalaci z napájení. 
�� Odstran ění závad a metrologické kontroly musí provád ět kompetentní pracovníci 

s p říslušným oprávn ěním. 
 
Č išt ění  
�� Odpojte sníma č. 
�� Použijte jemný had řík, namo čený do mýdlové vody. Namo čeným had říkem sníma č umyjte a 

okamžitě vysušte suchým had říkem nebo proudem vzduchu. Nepoužívejte lihy, rozpoušt ědla 
nebo uhlovodíky. 

 

Mini FLEX ®  MA193 

您刚购买了Mini FLEX
®

 MA193 型电
 

为了更好地使用您的仪器，请： 
 

�� 仔细阅读使用说明书： 

�� 请遵守使用注意事项的规定， 
 

 
注意！有危险！每当该符号出现时操作者都要查阅本说明。

 
用双层绝缘保护. 

 

危险电压馈线上不可使用或拔出。按 

于B类电流。 

 
欧盟标志，表示符合欧洲 

 

在欧盟各国，该产品要按照有关电器电子设备废物的 

规定进行分拣：不可按家庭垃圾处理。

  
 
测量等级的确定： 
�� CAT IV:  四级测量相当于在低电压设备的电源上的测量。

如电表以及在超电压保护装置和波动控制系统上的测量。 

�� CAT III:  三级测量相当于在建筑物设施上的测量。

如配电盘、断路开关、固定的工业用机器或仪表 

�� CAT II: 二级测量相当于直接插在低电压设备电路上的测量。

如家用电器和便携工具的电源。 
 
技术规格 
最大电流：12kA  

测量等级：600V CAT-IV/1000V CAT-III
污染程度：2 
 

环境条件 
工作温度：-10°C 至50°C  

湿度：85% 至42°C （线性递减直至HR 75%
海拔：2000米 
 
使用注意事项 
该检测器在以下情况受到保护：三级测量时所测馈线的对地电压不超过

过 600 伏。 

如果该检测器使用时不合生产商的规定，它们的保护作用会受到影响。 

�� 请按照规定的最大电压与电流强度以及测量等级使用。

�� 请遵守对温度、湿度、海拔高度、污染程度与使用地点等使用条件的规定。

�� 如该仪器盒盖开着、已经损坏或未装好时请勿使用该检测器。请检查铁芯绝缘是否完好。

�� 在进行测量的设施里如能接触到危险电压的部分，请使用相应的个人保护装置或关闭设施电

源。 
�� 所有排除故障或计量验检等作业都必须由合格并被认可的人员执行。
 
清洗 
�� 断开检测器 

�� 使用肥皂水润湿的软布。用湿润的抹布擦洗并迅速用干布擦干或用脉冲空气吹干。不可使用

酒精、溶剂或碳氢化合物。 
 

Español 
 

Ficha de seguridad Mini FLEX ®  MA193 
 

Acaba de adquirir un sensore �exible Mini FLEX
®

 MA193  y le agradecemos la con�anza ha 
depositado en nosotros. 
Para conseguir las mejores prestaciones de su instrumento: 
�� lea atentamente el manual de instrucciones, 
�� respete  las precauciones de uso. 
 

 

¡ATENCIÓN, riesgo de PELIGRO! El operador debe consultar el presente 
manual cada vez que visualiza este símbolo de peligro. 

 
Aparato protegido mediante doble aislamiento. 

 

No está autorizado aplicar o quitar sensores sobre los conductores bajo tensión 
peligrosa. Sensor de corriente de tipo B según IEC 61010-2-032.  

 
La marca CE indica la conformidad con las directivas europeas DBT y CEM. 

 

El contenedor de basura tachado indica que, en la Unión Europea, el producto 
será objeto de una recogida selectiva de acuerdo con la directiva DEEE 
2002/96/EC. Este equipo no se debe tratar como un residuo doméstico. 

  
De�nición de las ca tegorías de medida 
�� La categoría de medida IV corresponde a las medidas realizadas en la fuente de instalación 

de baja tensión. 
Ejemplo: entradas de energía, contadores y dispositivos de protección.  

 Français 
 

Fiche de sécurité Mini FLEX ®  MA193 
 

Vous venez d’acquérir un capteur de courant Mini FLEX
®

 MA193  et nous vous remercions 
de votre con�ance. Pour obtenir le meilleur service de votre appareil :   
�� lisez  attentivement cette notice de fonctionnement, 
�� respectez  les précautions d’emploi. 
 

 

ATTENTION, risque de DANGER ! L’opérateur doit consulter la présente notice 
à chaque fois que ce symbole de danger est rencontré. 

 
Appareil protégé par une isolation double. 

 

Application ou retrait non autorisé sur les conducteurs sous tension 
dangereuse. Capteur de courant type B selon IEC 61010-2-032.  

 
Le marquage CE indique la conformité aux directives européennes, notamment 
DBT et CEM. 

 

La poubelle barrée indique que, dans l’Union Européenne, le produit fait l’objet 
d’une collecte sélective conformément à la directive DEEE 2002/96/EC. Ce 
matériel ne doit pas être traité comme un déchet ménager. 

  
Dé�nition des catégories de mesure 
�� La catégorie de mesure IV correspond aux mesurages réalisés à la source de l’installation 

basse tension. 
Exemple : arrivée d’énergie, compteurs et dispositifs de protection.  

�� La catégorie de mesure III correspond aux mesurages réalisés dans l’installation du bâtiment. 

 

Scheda di sicurezza Mini

Avete appena acquistato un sensore �essibile di corrente Mini
ringraziamo per la �ducia che ci avete accordato. 
Per ottenere le migliori prestazioni dal vostro strumento: 
�� leggete  attentamente le presenti manuale d’uso. 
�� rispettate  le precauzioni d’uso. 
 

 

ATTENZIONE, rischio di PERICOLO! L’operatore deve consultare il presente 
manuale ogni volta che vedrà questo simbolo di pericolo. 

 
Strumento protetto da isolamento doppio. 

 

Applicazione o rimozione non autorizzata sui conduttori sotto tensione 
pericolosa. Sensore di corrente tipo B secondo EN 61010-2-032.  

 
La marcatura CE indica la conformità alle direttive europee , segnatamente 
DBT e CEM. 

 

La pattumiera sbarrata signi�ca che nell’Unione Europea, il prodotto è oggetto 
di smaltimento di�erenziato conformemente alla direttiva DEEE 2002/96/CE: 
questo materiale non va trattato come ri�uto domestico. 

 
De�nizione delle ca tegorie di misura: 
�� La categoria di misura IV corrisponde alle misure e

Esempio: erogazione di energia, contat
�� La categoria di misura III corrisponde alle misure e�ettuate sull’impianto dell’edi�cio. 

1514ON/OFF BUTTON:
- To turn ON: Connect the power cord 

into an AC outlet. 
- To turn OFF: Disconnect the power cord 

from the AC outlet, then press the ON/
OFF button for >2s. 

NOTE: The instrument cannot be turned OFF 
while connected to an AC outlet or if a recording 
is in progress.

TOP VIEW: Lead Inputs

BOTTOM VIEW: Connections

Voltage Inputs

Location for Color-coded ID Markers

(see page 4 for input connection diagram)

Power Cord
Connection

SD Card
Slot

USB 
Connection

Ethernet 
RJ 45

Current Inputs

ENTER BUTTON 
(PEL103 Only):
Displays partial energies (long push).

PEL 102

Same features as the PEL 103  
without the LCD display, Enter  
or Navigation buttons.

PEL 103

NAVIGATION BUTTON 
(PEL103 Only):
Enables browsing and the selection  
of data view.

CONTROL BUTTON:
Starts/stops the recording session and enables/
disables Bluetooth.
The function is obtained by a 2 s press on the 
CONTROL button, which causes the lighting of 
the REC LED for 3s followed by the Bluetooth LED, 
one after another.

REC LED (START/STOP)
- A release while lit starts recording (if stopped)
- A release while lit stops recording (if started)

BLUETOOTH LED (ON/OFF)
- A release while lit enables Bluetooth  

(if disabled)
- A release while lit disables Bluetooth (if 

enabled)

Control Features

7

5

4

3

2

1

6

9

8

QUICK START GUIDE OF THE PEL 102/103 (GB)

12
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1.2. ACCESSORIES
 � MiniFlex® MA193 250 mm 
 � MiniFlex® MA193 350 mm 
 � MN93 clamp 
 � MN93A clamp 
 � C193 clamp 
 � AmpFlex® A193 450 mm 
 � AmpFlex® A193 800 mm 
 � PAC93 clamp .
 � E3N clamp 
 � BNC adapter for E3N clamp 
 � J93 clamp 
 � 5 A adapter unit (three-phase) .
 � 5 A adapter Essailec® .
 � Mains power unit + E3N clamp 
 � Dataview Software 
 � PEL mains adapter  

1.3. SPARE PARTS
 � USB-A USB-B cord 
 � Mains cord 1.5m 
 � No. 23 carrying bag
 � Set of 4 black banana-banana straight-straight safety cables, 4 black crocodile clips and 12 inserts and rings to identify phases, 

voltage leads and current sensors

For accessories and spares, visit our web site:
www.chauvin-arnoux.com

1.4. CHARGING THE BATTERY
Before the first use, start by fully charging the battery at temperatures between 0 and 40°C.

Connect the mains cord to the device and to mains.
The device turns on.  
The  LED lights; it will go out only when the battery is fully charged.120 V ± 10 %, 60 Hz

230 V ± 10 %, 50 Hz

V1 V2 V3 N
1000V CAT III 600V CAT IV

I1 I2 I3

ON/OFF

START/STOP REC OL

POWER & ENERGY LOGGER

Charging a discharged battery takes approximately 5 hours. 

Figure 2

  
After prolonged storage, the battery may be completely discharged. If so, the  LED blinks twice per second. In 
this case, at least 5 charge/discharge cycles will be necessary for your battery to recover 95% of its capacity.

http://www.chauvin-arnoux.com
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2. PRODUCT FEATURES

2.1. DESCRIPTION
PEL: Power & Energy Logger

The PEL 102/103 are simple-to-use single-, dual-, and three-phase (Y, ∆) Power & Energy Loggers.

The PEL offers all necessary functions for Power/Energy data logging for most 50 Hz, 60 Hz, 400 Hz and DC distribution systems 
worldwide, with many connection possibilities. The PEL is designed to work in 1000 V CAT III and 600 V CAT IV environments.

The PEL is compact and can be incorporated in many distribution panels.

The PEL provides the following measurements and calculations:
 � Direct measurements of voltages up to 1000 V CAT III and 600 V CAT IV
 � Direct measurements of current from 50 mA up to 10 000 A with MA193 external current sensors
 � Power measurements:  active (W), reactive (var) and apparent (VA) 
 � Energy measurements:  active (source and load (Wh)), reactive 4 quadrants (varh) and apparent (VAh)  
 � Power Factor (PF), cos ϕ, and tan Φ
 � Crest Factor  
 � Total Harmonic Distortion (THD) for voltages and currents
 � Harmonics from the fundamental signal up to the 50th order for 50/60 Hz voltages and currents
 � Frequency measurements 
 � RMS and DC measurements @ 128 samples/cycle – all phases simultaneously
 � Bright white triple LCD display on PEL 103 (3 phases shown simultaneously)
 � Storage of measured and calculated values on an SD-Card or SDHC-Card
 � Automatic recognition of the different types of current sensors
 � Configuration of current and voltage ratios with external sensors
 � Supports 17 types of connections or electrical distribution systems 
 � USB, LAN, and Bluetooth communication 
 � PEL Transfer software for data recovery, configuration and real-time communication with a PC
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2.2. FRONT PANEL FEATURES

V1 V2 V3 N
1000V CAT III 600V CAT IV

I1 I2 I3V1 V2 V3 N
1000V CAT III 600V CAT IV

I1 I2 I3

ON/OFF

START/STOP REC OL

ON/OFF

START/STOP REC OL

POWER & ENERGY LOGGERPOWER & ENERGY LOGGER

PEL 103
POWER & ENERGY LOGGER

7

8

1

2

6

5

4

3PEL 102
POWER & ENERGY LOGGER

AB AB AB ABAB AB

ACD

Figure 3

Four terminals for voltage test leads.

Three terminals for current sensors.

Rigid molded elastomer casing. 

Digital LCD displaying measured, calculated and parameterizing quantities (see § 1.1).

Two (PEL102) or four (PEL103) function buttons (see § 2.8).
    A   ON/OFF button    B   Control button    C   Navigation button    D   Enter button

Nine LEDs for status information (see § 2.10).

USB and Ethernet connectors, SD memory card slot and connector caps.

Standard non-polarized IEC C7 power connector for 110/230 Vac power source.

2

3

4

5

6

7

8

1
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2.3. BACK PANEL FEATURES

Disconnect all inputs
before opening the
battery compartment

Only replace with 8.4V 
NiMH custom battery pack

WARNING!

MADE IN FRANCE

Power Supply:
110-250V      AC 50/60Hz 30VA

2

1

Figure 4

Four magnets (molded into the rubber casing).

Six recessed Torx® screws (for factory service use only)2

2.4. LEAD INPUTS

1

2 3

Figure 5

The small holes (• •) are for the color-coded inserts used to identify the current and  voltage inputs.

Voltage input terminals (safety banana plug inputs).

Current input terminals (specific four-point jacks).

2

3

1

1
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For multiple-phase measurements, start by marking the accessories and terminals with the colour-coded ID markers supplied with 
the device; a different colour for each terminal.

Connect the measuring leads to your PEL as follows:
 � Current measurement: I1, I2, I3 4-pins terminals
 � Voltage measurement: V1, V2, V3 and N terminals

The measuring leads must be connected to the circuit to be monitored according to the selected hook-up diagram. Do not forget 
to define the current and voltage transformer ratios when necessary.

2.5. INSTALLATION OF THE COLOUR-CODED MARKERS

 
Refer to the current sensors safety sheets before connecting them.

Twelve sets of colour-coded rings and inserts are supplied with your PEL instrument. Use theme ID markers to identify the leads 
and input terminals.

 � Detach the appropriate inserts and place them in the holes under the terminals (larger inserts for current terminals, smaller 
inserts for voltage terminals).

 � Clip rings of the same colour to the ends of the lead you will be connecting to the terminal.

Figure 6

2.6. CONNECTION FEATURES

2 3 4

1

Figure 7

Power cord connection (see § 3.3.1).

SD card slot (see § 3.3.3).

USB connector (see § 3.3.4).

Ethernet RJ 45 connector (see § 3.3.6).

2

3

4

1
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2.7. MOUNTING

     
The strong magnetic field can damage your hard drives or medical devices.

The PEL should be placed in a well-ventilated room. Temperature should not exceed the values specified in § 5.6.

The PEL 102/103 can be mounted on a flat ferromagnetic vertical surface using the built-in magnets.

2.8. BUTTON FUNCTIONS

Button Description

ON/OFF button:
Turns the instrument ON or OFF (see § 3.1).
Note: The instrument cannot be turned OFF while connected to an AC outlet or if a recording is in progress.

Control button:
Starts/Stops the recording session and Enables/Disables Bluetooth (see § 3.2).

Enter button (PEL103):
Displays phase angles values and partial energies (see § 3.5.1 and 3.5.2).

Navigation button (PEL103):
Enables browsing and the selection of data displayed on the LCD screen (see § 3.5).

Table 2

2.9. LCD DISPLAY (PEL 103)

2

3

5

1 4

Figure 8

Phase

Indicates the percentage (0% to 100%) of the full range or full load programmed in the PEL by the user via the PEL Transfer® 
software.

Measurements or display page titles

Measured values  

Measurement units  

2

3

4

1

5
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The top and bottom bars indicate the following:

Icon Description

Phase Sequence reversal or missing phase indicator (displayed only in Measurement Mode, see explanations 
below)

Data are available for recording (non-display indicates possible internal problem)

Indication of the power quadrant (see §8.1)

Measurement Mode (Real Time values) (see §3.5.1)

Power and Energy Mode (see §3.5.2)

Harmonics Mode (see §3.5.3)

Max Mode (see §3.5.4)

Information Mode (see §3.5.5)

Set-up (see §3.5.6)

Table 3

Phase order
The phase order icon is displayed on the LCD only when Measurement Mode is selected. 

The phase order is determined every second. If the phase order is incorrect, the  symbol is displayed on the LCD display. 

 � Phase order for voltage channels only is displayed when voltages are displayed on measurement screen. 
 � Phase order for current channels only is displayed when currents are displayed on measurement screen. 
 � Phase order for voltage and current channels is displayed when the other screens are displayed. 
 � Source and load shall be set to define the direction of energy (import or export), see § 4.3.3.
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2.10. LED STATUS

ON/OFF

START/STOP REC OL

5

4

3

2

1

7

8 9

6

Figure 9

LED & Colour Status

1
Green LED: Recording Status
LED blinks once per second every 5 s: Logger in standby (not recording)
LED blinks twice per second every 5 s: Logger in recording mode

2

Blue LED: Bluetooth
LED OFF: Bluetooth OFF (disabled)
LED ON: Bluetooth ON (enabled - not transmitting)
LED blinks twice per second: Bluetooth ON (enabled - transmitting)

3

Red indicator: Phase order
OFF: the order of phase rotation is correct.
LED blinks once per second: the order of phase rotation is incorrect. In this case, there are three possibilities:

 � the phase difference between the phase currents is 30° greater than normal (120° in three-phase 
and 180° in two-phase).

 � the phase difference between the phase voltages is 10° greater than normal.
 � the phase difference between the currents and voltages of each phase is 60° greater than 0° (load) 

or 180° (source).

4

Red LED: Overload
OFF: No overload on inputs
LED blinks once per second: At least one input is overloaded
LED ON: Indicates that a current probe is either misconnected or missing

5

Red/Green LED: SD-Card Status
Green LED ON: SD-Card is OK 
Red LED blinks five times every 5 s: SD-Card is full
Red LED blinks four times every 5 s: less than 1 week capacity remaining
Red LED blinks three times every 5 s: less than 2 weeks capacity remaining
Red LED blinks twice every 5 s: less than 3 weeks capacity remaining
Red LED blinks once every 5 s: less than 4 weeks capacity remaining
Red LED ON: SD-Card is missing or locked
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LED & Colour Status

6

Yellow/Red LED: Battery Status
When the AC power cord is connected, the battery charges until it is full.
LED OFF: Battery full 
Yellow LED ON: Battery is charging
Yellow LED blinks once per second: Battery is recovering from a full discharge
Red LED blinks twice per second: Low battery (and no power supply)

7
under  

ON/OFF button

Green LED: ON/OFF
LED ON: External power supply present
LED OFF: No external power supply

8
embedded in  
the connector

Green LED: Ethernet
LED OFF: No activity
LED blinks: Activity

9
embedded in  
the connector

Yellow LED: Ethernet
LED OFF: The stack failed to initialize or the Ethernet controller failed to initialize
Slow blinking (once a second): The stack initialized properly
Rapid blinking (10 times per second): The Ethernet controller initialized properly 
Blinks twice, then pause: DHCP Error
LED ON: Network initialized and ready for use

Table 4

2.11. MEMORY CAPACITY
The PEL accepts FAT32 formatted SDHC cards up to 32GB in size. Transferring so much data makes heavy demands on a computer 
and requires a long download time (depending on the performance of the PC and the type of connection used). Furthermore, some 
computers may have problems handling such a large amount of data and spreadsheets accept only a limited amount of data.

We recommend optimizing the data on the SD card and recording only what is needed. For reference purposes, a 5-day recording, 
with a 15 minute aggregation interval, recording 1-second data and harmonics on a 4-wire 3-phase network, would consume 
approximately 530MB of storage space. If the harmonics are not needed and their recording is disabled, the space requirement 
is reduced to about 87MB.

The recommended maximum recording times are:
 � seven days when the recording includes the aggregated values, 1-second data, and harmonics;
 � one month when the recording includes the aggregated values and 1-second data but not the harmonics;
 � one year when the recording contains only the aggregated values.

Also avoid exceeding 32 recorded sessions on the SD card.

 
Note: For recordings with harmonics or with a duration longer than one week, please use class 4 or higher 
SDHC cards.

We recommend not using Bluetooth to download large sessions as it will take a very long time. If a Bluetooth download is required, 
consider not downloading the 1-second trends and harmonics. Without them, a 30 day recording would be reduced to just 2.5 MB.

By contrast, downloading via USB or Ethernet may be acceptable depending on the session size and network speed. For faster 
downloads, we recommend putting the SD card into your PC directly or the external card reader.
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3. OPERATION

 
Important: PEL configuration can be performed either through the PEL or either through the PEL Transfer software. 
Please refer to § 4.3 for setup instructions.

Operating the PEL is a simple process:
 �  The PEL must be programmed before any recording. This is done through Set-up (see §3.5.6) or the PEL Transfer (see § 4.3). 

To prevent inadvertent changes to settings, the PEL cannot be programmed while recording.
 �  The PEL is then connected to a power supply and will turn on automatically (see § 3.1.1).
 �  Recording is started by pressing the Control button  (see § 3.2).
 �  The PEL is turned OFF, after a specified time, when disconnected from the power supply (and when the recording session is 

completed - see § 3.1.2).

3.1. TURNING THE INSTRUMENT ON/OFF
3.1.1. TURNING ON

 � Connect the PEL to a power outlet with the AC power cord and the PEL will turn ON automatically.  If not, press the ON/OFF  
button for more than 2 seconds.

 � The green LED under the ON/OFF button turns ON when the PEL is connected to a live supply source.

 
Note: The battery automatically begins recharging when the PEL is connected to a live power outlet. Battery life is 
approximately 1/2 hour when the battery is fully charged, enough to cover brief power outages.

3.1.2. TURNING THE PEL OFF

You cannot turn the PEL OFF if it is connected to a power source or if a recording is in progress (or pending). 

Note: This is a precaution to ensure that the PEL is not accidently turned OFF when recording and to ensure that the PEL turns 
on when the power supply is turned back on after an outage.

To turn the PEL OFF: 
 � Unplug the cord from the power outlet.
 � Press the ON/OFF button for more than 2 seconds, until all LEDs turn on. Then release the ON/OFF button. 
 � All LEDs and the display will turn off as the PEL powers down.
 � If the PEL has supply power present, it will not turn OFF. 
 � If a recording is pending or in progress, it will not turn OFF.

3.2. STARTING/STOPPING A RECORDING AND ENABLING BLUETOOTH
Recordings are stored only on the SD card.

To Start a Recording:
 � Insert the SD-card into the PEL.

 � Use the Control button  to start or stop a recording session and to enable or disable Bluetooth.
 � Press the Control button more than 2 seconds and release it. 
 � The green REC LED (see #1 Figure 9) lights up for 3 s, followed by the blue Bluetooth LED (see #2 Figure 9) for 3 s - one after 

another. During the time each LED is lit you can control its associated function as described below.
 � Releasing the Control button during (and only during) the 3 s lighting of a particular LED performs the associated function:

 � REC LED (START/STOP)
- A release while LED is lit Starts a Recording (if recording is OFF)
- A release while LED is lit Stops a Recording (if recording is ON)
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 � BLUETOOTH LED (ON/OFF)
- A release while LED is lit turns Bluetooth ON (if Bluetooth is OFF)
- A release while LED is lit turns Bluetooth OFF (if Bluetooth is ON)

 
Note: If you want to make changes to both the Recording and Bluetooth, you need to go through the process 
twice.

3.3. CONNECTIONS

Figure 10

3.3.1. POWER SUPPLY

The PEL is powered by standard AC power through an external cord with a non-polarized C7 connector. This power cord is available 
in many computer stores (250 V, 2.5 A, 1 m length).  When replacing it, be sure to buy the non-polarized cord. Replacement power 
cords are also available from the factory.

The PEL can be supplied at 110 V to 250 V (±10%), 50/60 Hz, to accommodate supply voltages across the world.

 Note: Never use power cords with inadequate rating.

 � When connected to AC power, the instrument is always ON.
 � Applying AC power to the PEL turns the instrument ON if it was OFF and starts recharging the batteries automatically.
 � If the instrument is suddenly not powered by AC power (power supply OFF or disconnected), the instrument will run on battery 

power for approximately ½ hour. 
 � The PEL has a built-in Auto Power OFF. It can be set to 3 to 15 min or disabled.
 � When the battery is too low (the red LED  blinks twice per second), the instrument will eventually turn OFF. The PEL will 

start up again when AC power is turned back on.
 � When the instrument is not connected to AC power, it can be turned ON with the ON/OFF button (see § 3.1).
 � When the instrument is not connected to AC power and no recording is pending or in progress, it can be turned OFF with the 

ON/OFF button (see § 3.1).

2 3 4

1Power Cord Connection

SD card slot
USB connector

Ethernet RJ 45
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3.3.2. STANDBY MODE (AND DISPLAY BRIGHTNESS)

When the instrument is ON and there is no activity for a specified time period, the LCD display (PEL103) automatically goes into 
Standby mode. 
The measurements and recording stay active, but the backlighting is dimmed to a standby level. 
To restore the normal display unit brightness, press the Enter or Navigation button.
Note that the overall display brightness is also programmed via the PEL Transfer (see § 4.3.1).

3.3.3. MEMORY CARD (SD-CARD)

The PEL 102/103 use an SD card for memory. FAT32-formatted SD-Cards SD-Cards (up to 32 GB) and SDHC-Cards (from 4 GB 
to 32 GB) are supported.

The PEL is delivered with a formatted SD card in the instrument. If you want to install a new SD card:
 � First, format the SD card.
 � The SD card can be formatted via PEL Transfer  when connected to the instrument and if no recording is pending or in progress.
 � Formatting is possible without restriction when the SD card is plugged directly into a PC.
 � To allow recordings or formatting, the SD-Card must be unlocked.
 � Hot extraction from the PEL is possible when no recording is in progress.

PEL files use short names (8 characters), for example Ses00004.

3.3.4. USB CONNECTION TO THE PEL

The PEL102/103 is designed to be connected to a computer by a USB type A/B cable, used to configure the PEL, prepare a 
recording session (real-time connection) and download recorded sessions. 

 Note: Connecting the USB between the PC and the PEL does not power the logger or recharge the batteries.

3.3.5. BLUETOOTH CONNECTION TO THE PEL

The PEL102/103 are designed for a Bluetooth wireless connection to a computer. The Bluetooth connection can be used to configure 
the PEL, to prepare a recording session and to download recorded sessions.
For computers without a Bluetooth capability, use a Bluetooth/USB adapter and connected to an available USB port on your 
computer. The default Windows driver should automatically install the device.
The pairing procedure varies depending on your operating system, Bluetooth equipment and driver software.
If needed, the default pairing code is 0000. The pairing code can not be modified through the PEL Transfer.

3.3.6. ETHERNET LAN CONNECTION TO THE PEL

A LAN connection can be used to view real-time data and instrument status, configure the PEL, set up a recording session, and 
download recorded sessions.

IP address: 
The PEL has an IP address. When the PEL is configured with the PEL Transfer, if the “Enable DHCP” (Dynamic Host Configuration 
Protocol) checkbox is checked, the instrument sends a request to the network DHCP server to automatically obtain an IP address. 
The Internet Protocol used is UDP. The default port is 3041. It can be modified with the PEL Transfer to let the PC connect to 
several PEL instruments behind a router.

An auto-IP mode is also available when DHCP is selected and no DHCP server is detected within 60 s. PEL will use default address 
169.254.0.100. This auto-IP mode is compatible with APIPA. A cross over cable may be needed.

 
Note that you cannot modify the LAN parameters while connected over a LAN link. You must use the USB 
connection to modify them. 
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3.4.1. SINGLE-PHASE 2-WIRE: 1P-2W

Source Load

For Single-Phase 2-Wire measurements:
 � Connect the N test lead to the neutral conductor 
 � Connect the V1 test lead to the L1  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 

Check that the current arrow on the sensor points towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

N
L1

V1 V2 V3 N I1 I2 I3

Figure 11

3.4.2. DUAL-PHASE (SINGLE-PHASE 3-WIRE FROM A CENTER TAP TRANSFORMER): 1P-3W

For Single-Phase 3-Wire (Split Phase) measurements:
 � Connect the N test lead to the Neutral conductor 
 � Connect the V1 test lead to the L1  phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I2 current probe to the L2 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

N
L1

L2

L2 L1
N

V1 V2 V3 N I1 I2 I3

Figure 12

3.4.3. THREE-PHASE 3-WIRE POWER NETWORKS 

3.4.3.1. 3-Phase 3-Wire ∆ (with 2 current sensors): 3P-3W∆2

For 3-phase 3-wire ∆ measurements using two current sensors:
 � Connect the V1 test lead to the  L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the  L1 phase conductor. 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2 L1

L3

Figure 13

3.4. DISTRIBUTION SYSTEMS AND PEL HOOK-UPS  
This chapter describes how the current sensors and voltage test leads must be connected to your installation according to its 
distribution system. The PEL must also be configured (see § 4.3.3) for the selected distribution system. 
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3.4.3.2. 3-Phase 3-Wire ∆ (with 3 current sensors): 3P-3W∆3

For 3-Phase 3-Wire ∆ measurements using three current sensors:
 � Connect the V1 test lead to the  L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the  L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2 L1

L3

Figure 14

3.4.3.3. 3-Phase 3-Wire Open ∆ (with 2 current sensors): 3P-3W02

For 3-Phase 3-Wire Open ∆ measurements using two current sensors:
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2 L1

L3

Figure 15

3.4.3.4. 3-Phase 3-Wire Open ∆ (with 3 current sensors): 3P-3W03

For 3-Phase 3-Wire Open ∆ measurements  using three current sensors:
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I2 current probe to the L2 phase conductor 
 � Connect the I3 current probe to the L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2 L1

L3

Figure 16
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3.4.3.5. 3-Phase 3-Wire Y (with 2 current sensors): 3P-3WY2

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2

L3

L1

N

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2

L3

L1

N

L1
L2
L3

V1 V2 V3 N I1 I2 I3

L2

L3

L1

For 3-Phase 3-Wire Y measurements using two current sensors:
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the  L1 phase conductor. 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrow on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

Figure 17

3.4.3.6. 3-Phase 3-Wire Y (with 3 current sensors): 3P-3WY

For 3-Phase 3-Wire Y measurements using three current sensors:
 � Connect the V1 test lead to the  L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the  L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

Figure 18

3.4.3.7. 3-Phase 3-Wire ∆ Balanced (with 1 current sensor): 3P-3W∆B

For 3-Phase 3-Wire ∆ Balanced measurements  using one current sensor:
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrow on the sensor points towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

Figure 19
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3.4.4. THREE PHASE 4-WIRE Y POWER NETWORKS

3.4.4.1. 3-Phase 4-Wire Y (with 3 current sensors): 3P-4WY

L1
L2
L3
N

V1 V2 V3 N I1 I2 I3

L2

L3

L1

N

For 3-Phase 4-Wire Y measurements using three current sensors:
 � Connect the N test lead to the Neutral conductor 
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

Figure 20

For 3-Phase 3-Wire Balanced Y measurements using one current sensor:
 � Connect the V1 test lead to the  L1 phase conductor 
 � Connect the N test lead to the Neutral conductor 
 � Connect the I1 current probe to the  L1 phase conductor

Check that the current arrow on the sensor points towards the load. This 
ensures proper phase angle for Power Measurements and other phase.

L1
L2
L3
N

V1 V2 V3 N I1 I2 I3

L2

L3

L1

N

Figure 21

For 3-Phase 4-Wire Y 2½ Element measurements using three current sensors:
 � Connect the N test lead to the Neutral conductor 
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3
N

V1 V2 V3 N I1 I2 I3

L2

L3

L1

N

Figure 22

3.4.5. 3-PHASE 4-WIRE ∆

High Leg configuration. No Voltage Transformer is connected: the installation under test is assumed  to be a low-voltage distribution 
system.

3.4.4.2. 3-Phase 4-Wire Y Balanced: 3P-4WYB

3.4.4.3. 3-Phase 4-Wire Y 2½ Element: 3P-4WY2
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3.4.5.1. 3-Phase 4-Wire ∆: 3P-4W∆

For 3-Phase 4-Wire ∆ measurements using three current sensors:
 � Connect the N test lead to the  Neutral conductor 
 � Connect the V1 test lead to the  L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the  L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

L1
L2
L3
N

V1 V2 V3 N I1 I2 I3

L1

L2

L3
N

Figure 23

For 3-Phase 4-Wire Open ∆ measurements using three current sensors:
 � Connect the N test lead to the Neutral conductor 
 � Connect the V1 test lead to the L1 phase conductor 
 � Connect the V2 test lead to the L2  phase conductor 
 � Connect the V3 test lead to the L3  phase conductor 
 � Connect the I1 current probe to the L1 phase conductor. 
 � Connect the I2 current probe to the  L2 phase conductor 
 � Connect the I3 current probe to the  L3 phase conductor

Check that the current arrows on the sensors point towards the load. This 
ensures proper phase angle for Power Measurements and other phase-
sensitive measurements.

3.4.5.2. 3-Phase 4-Wire Open ∆: 3P-4WO∆

L1
L2
L3
N

V1 V2 V3 N I1 I2 I3

L1

L2

L3
N

Figure 24

3.4.6. DC POWER NETWORKS

3.4.6.1. DC 2-Wire: DC-2W

For  DC 2- Wire measurements:
 � Connect the N test lead to the negative conductor 
 � Connect the V1 test lead to positive conductor +1
 � Connect the I1 current probe to conductor +1

Check that the current arrow on the sensor points towards the load. This 
ensures proper measurements for Power and other sign-sensitive quantities.

+1

-

V1 V2 V3 N I1 I2 I3

Figure 25
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For  DC 3- Wire measurements:
 � Connect the N test lead to the negative conductor 
 � Connect the V1 test lead to conductor +1
 � Connect the V2 test lead to conductor +2
 � Connect the I1 current probe to conductor +1
 � Connect the I2 current probe to conductor +2

Check that the current arrows on the sensors point towards the load. This 
ensures proper measurements for Power and other sign-sensitive quantities.

3.4.6.2. DC 3-Wire: DC-3W

+1
+2

-

V1 V2 V3 N I1 I2 I3

Figure 26

3.4.6.3. DC 4-Wire: DC-4W

For DC 4-Wire measurements and using three current sensors:
 � Connect the N test lead to the negative conductor 
 � Connect the V1 test lead to conductor +1
 � Connect the V2 test lead to conductor +2
 � Connect the V3 test lead to conductor +3
 � Connect the I1 current probe to conductor +1
 � Connect the I2 current probe to conductor +2
 � Connect the I3 current probe to conductor +3

Check that the current arrows on the sensors point towards the load. This 
ensures proper measurements for Power and other sign-sensitive quantities.

+1
+2
+3
-

V1 V2 V3 N I1 I2 I3

Figure 27

3.5. DISPLAY MODES (PEL 103)
This section provides display screen examples for each display mode. With the PEL, the user can scan through various measurement 
values and set-up parameters.

The Navigation  and Enter  buttons are used to scroll through the Display Modes and move between them. 

The six display modes are:

 � Real time measured values: V, A, Power, Frequency , Power Factor, tan Φ - 
  press 

 � Energy Values: kWk, Vah, Varh - 
  press 

 � Harmonics (for Current and Voltage) - 
  press 

 � Aggregated Max values for current, voltage and power - 
  press 

 � Information on hook-up selection, PT and CT ratios, IP Address, Software Version and Serial No. - 
  press 

 � Configuring the instrument - 
  press 

 
to go to 

 
For detailed instructions on configuring, recording, and downloading measurements, refer to § 4.
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3.5.2. ENERGY - VALUES DISPLAYED 
The PEL measures the typical energy readings used. In addition, it can be used for advanced measurements by specialists or 
individuals doing in-depth analysis. 

Individual power magnitudes for Power Flow Quadrants (per IEC 62053-23) are available by simply scrolling through each screen 
display. The values in specific quadrants are often used by engineers addressing power flow issues.

Definitions:
 � Ep+: Total Active Energy Imported (used by load) in kWh 
 � Ep-: Total Active Energy Exported (to source) in kWh
 � Eq1: Active Energy Imported (by load) in Inductive Quadrant (Quadrant 1) in kvarh.
 � Eq2: Active Energy Exported (to source) in Capacitive Quadrant (Quadrant 2) in kvarh.
 � Eq3: Active Energy Exported (to source) in Inductive Quadrant (Quadrant 3) in kvarh.
 � Eq4: Active Energy Imported (by load) in Capacitive Quadrant (Quadrant 4) in kvarh.
 � Es+: Total Apparent Energy Imported (by load) in kVAh
 � Es-: Total Apparent Energy Exported (to source) in kVAh

Typically, industrial users will focus on the following values. The other values are used for load analysis and by utilities.
 � kWh: Ep+ which is the Active Energy of the load  
 � kvarh: Eq1 which is the Reactive Energy of the load  
 � kVAh: Es+ which is the Apparent Energy of the load  

The Energy measurements, which are time-dependent (typically 10- or 15- minute integration or aggregation periods), are displayed 
sequentially in screens showing all phases. Table 6 shows the readings  for each type of  network.

Use the down arrow  to scroll down and the up arrow  to scroll up through the displays.
The following examples show the display sequence for a 3-Phase 4-Wire network.
Each display is reached by pressing the down arrow . 

Energies are measured from the beginning of the recording session. Partial energies are the energies measured for a defined 
period (see § 4.3.5).

Partial Energy is reached by pressing the  button. 
To return to the Energy settings, simply press the down arrow .
Table 6 shows the display screen sequence (PEL103) for each type of hook-up.
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Figure 29
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Table 6 indicates the sequence of display unit screens (PEL103) for each type of hook-up. The displays on the previous page show 
an example of the energy values for a 3-Phase 4-Wire network. 

A press on Enter button displays the partial energies.

Step

1-Phase 2-Wire 
1-Phase 3-Wire

3-Phase 3-Wire *
3-Phase 4-Wire ** 

DC 2-Wire 
DC 3-Wire 
DC 4-Wire

1
“P”

Ep+

“P”

Ep+

2
“P”
PArt

Ep+

“P”
PArt

Ep+

3
“P”

Ep-

“P”

Ep-

4
“P”
PArt

Ep-

“P”
PArt

Ep-

5
“q1”

Eq1

6
“q1”
PArt

Eq1

7
“q2”

Eq2

8
“q2”
PArt

Eq2

Step

1-Phase 2-Wire 
1-Phase 3-Wire

3-Phase 3-Wire *
3-Phase 4-Wire ** 

DC 2-Wire 
DC 3-Wire 
DC 4-Wire

9
“q3” 

Eq3

10
“q3” 
PArt

Eq3

11
“q4” 

Eq4

12
“q4” 
PArt

Eq4

13
“S”

Es+

14
“S”
PArt

Es+

15
“S”

Es-

16
“S”
PArt

Es-

Table 6

*: 3-Phase 3-Wire includes:
 � 3-Phase 3-Wire ∆  (with 2 current sensors)
 � 3-Phase 3-Wire ∆ (with 3 current sensors)
 � 3-Phase 3-Wire Open ∆ (with 2 current sensors)
 � 3-Phase 3-Wire Open ∆ (with 3 current sensors)
 � 3-Phase 3-Wire Y (with 2 current sensors)
 � 3-Phase 3-Wire Y (with 3 current sensors)
 � 3-Phase 3-Wire ∆ Balanced (with 1 current sensor)

**: 3-Phase 4-Wire includes:
 � 3-Phase 4-Wire Y (with 3 current sensors)
 � 3-Phase 4-Wire Y Balanced
 � 3-Phase 4-Wire Y 2½ Element
 � 3-Phase 4-Wire ∆
 � 3-Phase 4-Wire Open-∆
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3.5.3. HARMONICS DISPLAY  
Table 7 indicates the sequence of display unit screens (PEL103) for each type of connection. The displays show an example of 
the harmonic values for a 3-Phase 4-Wire network. 

Step 1-Phase 
2-Wire

1-Phase 
3-Wire

3-Phase 
3-Wire * 

3-Phase 
3-Wire 

balanced 

3-Phase 
4-Wire ** 

3-Phase 
4-Wire

balanced

1

THD_I THD_I1 THD_I1 THD_I3 THD_I1 THD_I1

THD_V THD_I2 THD_I2 THD_I3 THD_I2 THD_I1

THD_I3 THD_I3 THD_I3 THD_I1
“THD I” “THD I” “THD IN“ “THD I”

2

THD_V1 THD_U12 THD_U12 THD_V1 THD_V1

THD_V2 THD_U23 THD_U12 THD_V2 THD_V1

THD_U12 THD_U31 THD_U12 THD_V3 THD_V1
“THD U” “THD U” “THD V“ “THD V”

Figure 30 Table 7
The harmonics function is disabled in DC

*: 3-Phase 3-Wire includes:
 � 3-Phase 3-Wire ∆  (with 2 current sensors)
 � 3-Phase 3-Wire ∆ (with 3 current sensors)
 � 3-Phase 3-Wire Open ∆ (with 2 current sensors)
 � 3-Phase 3-Wire Open ∆ (with 3 current sensors)
 � 3-Phase 3-Wire Y (with 2 current sensors)
 � 3-Phase 3-Wire Y (with 3 current sensors)

**: 3-Phase 4-Wire includes:
 � 3-Phase 4-Wire Y (with 3 current sensors)
 � 3-Phase 4-Wire Y 2½ Element
 � 3-Phase 4-Wire ∆
 � 3-Phase 4-Wire Open-∆
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3.5.5. INFORMATION DISPLAY  

A

Step Value Units

1 Network  
Type

1P-2W =  1-phase 2-wire
1P-3W  =  1-phase 3-wire
3P-3W∆3  =  3-phase 3-wire ∆ (3 current sensors)
3P-3W∆2 =  3-phase 3-wire ∆ (2 current sensors)
3P-3W02  = 3-phase 3-wire Open ∆ (2 current sensors)
3P-3W03 =  3-phase 3-wire Open ∆ (3 current sensors)
3P-3W∆B  =  3-phase 3-wire ∆ balanced
3P-3WY  =  3-phase 3-wire Y (3 current sensors)
3P-3WY2  =  3-phase 3-wire Y (2 current sensors)
3P-4WY  =  3-phase 4-wire Y
3P-4WYB  =  3-phase 4-wire Y balanced (fixed, voltage measurement)
3P-4WY2  =  3-phase 4-wire Y 2½
3P-4W∆  =  3-phase 4-wire ∆
3P-4WO∆ =  3-phase 4-wire Open ∆
DC-2W  =  DC 2-wire
DC-3W  =  DC 3-wire
DC-4W  =  DC 4-wire

2
VT primary

“PT PRIM”

V

3 VT secondary

“PT SEC”

V

4 CT primary

“CT PRIM”

A

5

Aggregation period

“AGG.PERIOD”

min
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Step Value Units

6

Year

Month

Day

Time

7 IP address Scrolling IP address

8

DSP version

Soft version

Serial number

DSP software version

Microprocessor firmware version

Scrolling serial number
(a label is also pasted on the main board inside the PEL)

Table 9
Figure 32

The information screen is disabled (return to   measurement screen) 3 minutes after no action on Enter or Navigation buttons.
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3.5.6. DISPLAY AND SETTINGS IN SET-UP FUNCTION 

Set-up is not allowed when: 
 � PEL is recording (pending or in progress), 
 � Set-up is in progress with PEL Transfer or Android application, 
 � Set-up locked by user (Control button locked on front panel) 

When Set-up screen is selected:
 � configuration with PEL Transfer is not allowed
 � starting a recording with Control button is not allowed. 

Step Value Unit / Value Comments

1
Network  

Type

1P-2W
1P-3W
3P-3W∆3
3P-3W∆2
3P-3W02
3P-3W03
3P-3W∆B
3P-3WY
3P-3WY2
3P-4WY
3P-4WYB
3P-4WY2
3P-4W∆
3P-4WO∆
DC-2W
DC-3W
DC-4W 

1-phase 2-wire
1-phase 3-wire
3-phase 3-wire ∆ (3 current sensors)
3-phase 3-wire ∆ (2 current sensors)
3-phase 3-wire Open ∆ (2 current sensors)
3-phase 3-wire Open ∆ (3 current sensors)
3-phase 3-wire ∆ balanced
3-phase 3-wire Y (3 current sensors)
3-phase 3-wire Y (2 current sensors)
3-phase 4-wire Y
3-phase 4-wire Y balanced (fixed, voltage measurement)
3-phase 4-wire Y 2½
3-phase 4-wire ∆
3-phase 4-wire Open ∆
DC 2-wire
DC 3-wire
DC 4-wire

2
VT primary

“PT PRIM”

V / kV Primary nominal voltage: 50 V to 650 000 V

3
VT secondary

“PT SEC”

V Secondary nominal voltage: 50 V to 1 000 V

4
CT primary

“CT PRIM”

A / kA

Primary nominal line current for the connected sensor
 � for AmpFlex®: 100 A, 400 A, 2000 A, 10 000 A
 � for MN93A 5A range: 5 A to 25 000 A
 � for 5 A adapter box: 5 A to 25 000 A 
 � for E3N clamp: 1 A to 25 000 A

5
Aggregation period

“AGG.PERIOD”

min Configure the aggregation period in minutes: 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60
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To modify the set-up: 
 � Press Enter button to enter modification mode. 
 � Press up or down arrow to select the new value.
 � Press Enter button to exit modification mode.

The Set-up screen is disabled (return to   measurement screen) 3 minutes after no action on Enter or Navigation buttons.
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4. PEL TRANSFER SOFTWARE

 For contextual information on using PEL Transfer, refer to the Help Menu in the software.

4.1. INSTALLING PEL TRANSFER

 
Do not connect the instrument to the PC before installing the software and the drivers.

Minimum Computer Requirements:
 � Windows XP / Windows Vista & Windows 7 (32/64 bit)
 � 2 GB to 4 GB of RAM
 � 10 GB of free hard disk space
 � CD-ROM drive

Windows® is a registered trademark of Microsoft®.

1. Insert the CD (see #4 in Table 1) into your CD-ROM drive.
If auto-run is enabled, the program will start automatically. 
If auto-run is disabled, select Start.html in D:\SETUP (if your CD-ROM drive is drive D. If this is not the case, substitute the 
appropriate drive letter). 
If installing onto a Vista based computer the User Account Control dialog box will be displayed. Select the Allow option to 
proceed.
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2. Select your language and click on START in your browser. Authorize your browser to open the file.

Figure 33

3. Select the Software column.

Figure 34
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4. Select PEL Transfer.

Figure 35

5. Select Read. 

6. Download the file, run it and follow the instructions.

Figure 36
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7. In the Ready to Install the Program window, click on Install.

8. If the instrument selected for installation requires the use of a USB port, a warning box, similar to below, will appear. Click on 
OK.

Figure 37

 
The installation of the drivers may take a few moments.  Windows may even indicate that it is not responding, 
although it is running. Please wait for it to finish.

9. When the drivers are finished installing, the Installation Successful dialog box will appear. Click on OK. 

10. Next, the Installation Wizard Complete window will appear. Click on Finish.

11. A Question dialog box appears next. Click on Yes to read the procedure for connecting the instrument to the USB port on 
the computer.

  
The Set-up window remains open. You may now select another option to download (e.g. Adobe® Reader), or 
close the window.

12. If necessary, reboot your computer.

Shortcut have been added to your desktop.
You can now open the PEL Transfer and connect your PEL to the computer.

4.2. CONNECTING TO A PEL
To connect to a PEL, perform the following steps: 

1. Connect the power cord to an AC outlet. The instrument will power on.

2. Connect the supplied USB cable to the PEL and the PC. 

3. Open the PEL Transfer by double-clicking on the PEL icon  that was created during installation, located on the desktop. 
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Figure 38

4. To connect to an instrument, do one of the following:

From the Instrument  menu,  
select Add an Instrument. or From the Toolbar, click on the Add an Instrument icon.

The Control Panel will be displayed:

Figure 39

Figure 40
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The first dialog box of the Add an Instrument Wizard will be displayed (illustrated below). 

Figure 41

5. Select the desired connection type.  

 Note: The dialog boxes shown in this section correspond to the connection type chosen in Figure 41.



42

4.2.1. USB CONNECTION

 
A USB connection is the simplest and easiest connection to establish and is recommended when first 
learning how to use the PEL and PEL Transfer. 

The USB connection dialog box lists all USB instruments currently connected to the computer.  

Figure 42

 � From the Instrument drop-down list, select the desired instrument, then click on the Next button.
 � If a successful connection is established, the Finish button is enabled. Click on Finish to exit the Wizard.

The instrument is then be added to the PEL Network list.

Figure 43
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The instrument will remain in the PEL Network list until it is removed. 

 � To remove an instrument from the list, click on the Remove an Instrument icon in the Toolbar. 

Figure 44

4.2.2. ETHERNET NETWORK CONNECTION

Figure 45

 � In the Address field, enter the IP address assigned to the PEL. 
 � For PEL103, select the information screen (on the instrument) and scroll down to the IP Addr display (see § 3.5.5).  
 � For PEL102, a USB or Bluetooth connection should be used to determine the IP address assigned to the instrument (see 

§ 4.3.2).
 � By default the PEL uses port 3041 (UDP). However, the PEL can be configured to use a different port.

The only way to identify the port the PEL is using is to first communicate with it.  So, if the port has been changed from that of 
the default, use a USB or Bluetooth connection to identify the port used by the PEL (see § 4.3.2).

 
Note: If you do not know the IP address and the PEL is on the same sub-network as the computer, enter the 
IP address of the sub-network (for example 192.168.0.1) and use the Search button (located to the right of the 
Address field). The search operation, if successful, identifies the IP address for the port specified by each PEL 
connected to the sub-network. 

 � Once the IP address and port have been specified, click on the Next button.
 � If a successful connection is established, the Finish button is enabled. Click on Finish to exit the Wizard.
 � The instrument is then be added to the PEL Network list until it is removed (refer to § 4.2.1).
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4.2.3. BLUETOOTH CONNECTION

 
Note: The Bluetooth radio devices of the PC and of the PEL must be enabled and turned on before a Bluetooth connection 
can be established.

In the Bluetooth connection dialog box, the PEL will be listed either by name or by communication port number.
If the PEL Transfer can identify the PEL by name it will be listed in the drop-down list by name.

If not, you must select the communications port with which the PEL Bluetooth connection is associated. You can identify the 
associated communications port by opening the Bluetooth Devices dialog box, double clicking on the PEL entry (the PEL properties 
dialog box opens), then selecting the Services tab. The communications port number associated with the PEL Bluetooth connection 
will be listed here.

When using a Bluetooth connection, make sure the Bluetooth option button in the computer is activated and that the PEL has been 
paired with the computer. The PEL is paired to the computer using the Add a device option in the Bluetooth Devices dialog box. 
This dialog box can be displayed by double clicking on the Bluetooth icon next to the clock in the taskbar.

If the PEL is not listed in the Instrument drop-down list by name or by its associated communications port, make sure that the PEL 
is powered up, that the Bluetooth radio in the PEL is on, and that it is listed in the Bluetooth Devices dialog box. Also make sure 
that the Bluetooth has been activated in the PEL. The display and other Bluetooth options can be determined and set for the first 
time using a USB connection.

Figure 46

 � From the Instrument drop-down list, select the desired PEL, then click on the Next button.
 � If a successful connection is established, the Finish button is enabled. Click on Finish to exit the Wizard.
 � The instrument is then be added to the PEL Network list until it is removed (refer to § 4.2.1).
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4.3. CONFIGURING THE PEL
To Configure the PEL, perform the following steps: 

1. Open the PEL Transfer and connect an instrument (refer to § 4.4 and 4.2).

2. Next, select Configure from the Instrument menu (refer to § 4.3). 

The Configure Instrument dialog box consists of five tabs.  Each tab contains a specific set of options associated with the 
instrument to be configured.  

 
The configuration of an instrument cannot be changed while a recording is in progress. You must click on Stop 
Recording before proceeding.

4.3.1. GENERAL TAB OPTIONS

Figure 47

 � Name: the name you want to give the PEL.
 � Location: where the PEL is located.
 � Auto Power Off: options to enable/disable the Auto Off function
 � LCD Contrast: the contrast level of the instrument’s LCD display.
 � LCD Normal mode brightness: the brightness level after the Enter and Navigation buttons are pressed.
 � Lock out the Control button on the instrument front panel: locks/unlocks the Control button. The Enter and Navigation 

buttons (PEL103) are not locked.
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 � The aggregated Max values are reset when the recording starts and are held when the recording ends.
 � The aggregated Max values are always captured, even whether a recording is in progress or not. They are reset when the 

configuration measurement parameters changed or manually (unless recording is in progress).
 � Set Clock: displays the Date/Time dialog box allowing you to set the date and time of the instrument.
 � Format SD-Card: allows you to format the SD memory card currently installed in the instrument.

4.3.2. COMMUNICATION TAB OPTIONS

Figure 48

The Communication tab contains the following items:
 � Enable Bluetooth: a check box that allows you to enable/disable the Bluetooth module in the instrument.
 � Pairing code: displays the pairing code that must be used when pairing the instrument with a computer. The pairing code 

cannot be modified.
 � Name: allows you to specify the name displayed when pairing with the instrument. Only ASCII characters must be used
 � Visibility: allows you to hide the presence of the instrument from the search option of computers.
 � USB device name: gives the name of the instrument as displayed in the instrument list (not modifiable).
 � MAC address: gives the MAC address of the PEL.
 � Enable DHCP: a check box that enables/disables the use of DHCP by the PEL.
 � IP address: when DHCP is disabled, you can specify the IP address that the PEL is to use.
 � UDP port number: allows you to specify the port number to be used by the instrument.
 � Enable password protection: allows you to enable password verification when configuring the PEL.
 � Password: when password protection is enabled you can specify the password to be used.
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4.3.3. MEASUREMENT TAB OPTIONS

Figure 49

The Measurement tab contains the following items:
 � Distribution system: allows you to specify the type of distribution network the PEL is measuring. See § 3.4 for the distribution 

systems available with the PEL.
Selection of DC 2-, 3- or 4-Wire implies DC measurements only. Selection of other distribution systems implies AC measurements 
only.

 � Load/Source: used to check the hook up rotation phase. Select “Load” when energy is normally imported or “Source” when 
energy is normally exported.

 � Set a Voltage Transformer Ratio: allows you to enable a voltage ratio for the PEL.
 � Primary: allows you to specify the  primary voltage of the transformer ratio and whether it is phase-to-phase or phase-

to-neutral.
 � Secondary: allows you to specify the secondary voltage of the transformer ratio and whether it is phase-to-phase or 

phase-to-neutral.

Note: The PEL 103 LCD will displays a phase-to-phase voltage as secondary voltage if the primary voltage is phase-to-phase and 
a phase-to-neutral voltage as secondary voltage if the primary voltage is phase-to-neutral.

Voltage Transformer Ratios

Parameter Range Increment
Primary Voltage 50 V to 650,000 V 1 V
Secondary Voltage 50 V to 1000 V 1 V
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 � Nominal frequency: allows you to specify the default frequency of the distribution network.
 � Auto: PEL detect the mains frequency of the distribution network.
 � 50 Hz, 60 Hz and 400 Hz: PEL uses this frequency for measurements.

Note: Auto mode may lead to inconsistencies if the frequency varies in an unstable distribution system.

4.3.4. CURRENT SENSORS AND RATIOS

Current sensor ratios (and type) are automatically set with the identification of the current sensor detected on channel 1, or channel 
2 if the current sensor on channel 1 is missing, or channel 3 if the current sensors on channel 1 and channel 2 are missing. 

 
Note: The current sensors must all be of the same type. Otherwise, the type of sensor connected on I1 is used for current 
sensor selection.

See § 5.2.4 for detailed specifications of the current sensors.

 � AmpFlex®/MiniFlex® Range: allows you to select the current range for AmpFlex®/MiniFlex® probes.
 � Number of turns: allows you to specify the number of times the AmpFlex®/MiniFlex® is wrapped around the conductor.

Note: The maximum current of the selected AmpFlex®/MiniFlex®  range is divided by the number of wraps.

 � MN 93A for 5A range: allows you to specify the nominal primary current of an external transformer used with the MN93A 
clamp in the 5 A range.

 � 5A adapter: allows you to specify the nominal primary current of an external transformer used with the 5A adapter box.
 � BNC adapter: allows you to specify the nominal primary current of a current probe used with the BNC adapter. The output of 

the current probe is a voltage of 1 V at the nominal primary current. The voltage output will not exceed 1.7 Vpeak.

 
Warning: The potential of the internal conductors of the BNC adapter and the connected current sensor is the 
potential of the neutral terminal of the PEL. If the neutral terminal is accidentally connected to a phase voltage, 
the current sensor connected to the PEL via the BNC adapter may be at the phase voltage. To prevent electric 
shocks or short-circuits hazards, always use current probes fully complying with IEC 61010-2-032.

 
Note: When no ratio is entered, I nominal current is displayed on the PEL103 LCD (as primary current). No 
secondary current is displayed.

Current Transformer Ratios

Parameter Range Increment
Primary Current 5 A to 25000 A 1 A
Secondary Current 5 A -

Table 10

 
Note: The following conditions must be fulfilled or the configuration will be rejected by the PEL Transfer soft-
ware: 
- VT nominal primary voltage > VT nominal secondary voltage

 - VT nominal primary voltage x CT nominal primary current < 650 MVA
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4.3.5. RECORDING TAB OPTIONS

Figure 50

The Recording tab contains the following items:
 � Session Name: allows you to assign a name to the recording session.

 
Note: If %d is added to the session name, it will be incremented automatically for each subsequent session. 

 � Record Now: check box that, when selected, will start recording when the configuration is written.
 � Schedule Recording: check box that allows you to specify a date/time when recording will start.
 � Duration: drop-down menu for predefined recording times.
 � Trend demand interval: allows you to specify the aggregation period for smoothed measurements. Available periods = 1, 2, 

3, 4, 5, 6, 10, 12, 15, 20, 30 and 60 min
 � Record one second trends: used to indicate whether the “1s” data must be recorded.
 � Include one second current and voltage harmonics: allows you to specify if harmonic data is to be recorded or not.
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4.3.6. METERS TAB OPTIONS

Figure 51

The Meters tab contains the following items:
 � Reset total and partial energy meters: a check box used to reset the total meters in the instrument.

 
Note: Total and partial energy meters reset automatically each time a recording is started. 

 � Reset duration of power on: a check box that resets the Power On hour meter in the instrument.
 � Reset duration of voltage presence: a check box that resets the voltage presence hour meter.
 � Reset duration of current presence: a check box that resets the current presence hour meter.
 � Integration period: used to assign a period to the partial energy meters of the device.
 � Reset total energy meters at the start of each new session.
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4.4. PEL TRANSFER
The main menu at the top of the screen lists the following commands:

File

Open: loads a previously saved recording session.

Close: closes the currently selected session.

Save: saves the currently selected session.

Save As: saves the currently selected session under a different name.

Create Report: generates a report from the currently selected session.

Export to Spreadsheet: saves measurements from the currently selected session to a spreadsheet file.

Print: prints the contents of the data frame.

Print Preview: displays the contents of the data frame as it would look if printed.

Print Setup: allows you to specify various printing options.

Exit: closes the control panel.

Edit

Edit Address book: allows you to specify address information about the selected session.

Edit Session Parameters: allows you to modify various parameters associated with the selected session.

Delete 1s trend: allows you to remove the 1 second measurements from the selected session.

View

Customize Toolbar: allows you to add and remove items from the toolbar.

Zoom Tool: changes the cursor to the Zoom tool for zooming in a graph.

Zoom Previous: restores the zoom level of a graph to its previous state.

Zoom In: increases the magnification of level of the displayed graph.

Zoom Out: decreases the magnification of level of the displayed graph.

Zoom All: adjusts the magnification of the displayed graph such that all samples are displayed.

Zoom To: allows you to specify a time period for the displayed graph.
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Backwards: returns to the previous display.

Forwards: undoes a return to the previous display.

Instrument

Add an Instrument: add an instrument to the PEL Network list.

Remove an Instrument: removes the selected instrument from the PEL Network list.

Disconnect an Instrument: cuts off the connection with the selected instrument.

Reconnect Instruments: establishes a connection with the selected instrument.

Configure: opens the configuration dialog box for the selected instrument.

Download Recorded Data: downloads the selected session from the associated instrument.

Set Clocks for all instruments: opens the Date/Time dialog box to let you change the date of all connected instruments.

Start/Stop Recording: if the instrument is not recording, this menu option will read as Start Recording and when selected 
opens the Recording dialog box allowing you to start a recording.  If the instrument is recording, this menu option will 
read as Stop Recording and will terminate the recording when selected.

Delete a Session: removes the selected session from the instrument.

Status: displays status information about the selected instrument in the data frame.

Tools

Colors: allows you to specify the default colors to be assigned to graph traces associated with specific measurements.

Cache: displays a dialog box allowing you to specify cache options for downloaded data.

Select Report: opens the Templates dialog box used to specify the default template to be used when creating a report.

Options: allows you to specify various program-related options.

Help

Help Topics: displays the PEL Transfer help table of contents.

PEL Manual: displays the user manual for the instrument.

Update: connects to the Chauvin Arnoux web site to determine the latest instrument software and firmware version.

About: displays the About dialog box.
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4.5. DOWNLOADING RECORDED INSTRUMENT DATA
Recorded measurements stored in the instrument are transferred to a database on the PC using the Download command. 

To Download a Recording:

1. Select a recorded session in the Recorded session branch of the PEL.

2. Select Download Recorded Data from the PEL Instrument menu or click on the Download button on the toolbar. This begins 
the transfer of recorded data to the computer.

Figure 52

3. Once the transfer is complete, select the session and click on Open. The session will be added to the My Open Sessions 
navigation tree.

4. Selecting different items under the session name in My Open Sessions will display the associated data in the data frame.

 1s harmonics and 1s trends cannot be downloaded from a recording in progress.

4.6. UPDATING THE SOFTWARE
With a view to providing, at all times, the best possible service in terms of performance and technical upgrades, Chauvin Arnoux 
invites you to update the embedded software of the device (firmware) and the application software (PEL Transfer).

4.6.1. UPDATING THE FIRMWARE

When your device is connected to PEL Transfer, you are informed that a new version of the software is available.

To update the firmware:
 � Connect the device via USB, because the volume of data is too large for the other types of connection.
 � Start the update.

  
Updating the embedded software may reset the configuration and causes the loss of the stored data. As a precaution, 
save the stored data to a PC before updating the embedded software.
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4.6.2. UPDATING PEL TRANSFER

When started up, PEL Transfer checks that you have the latest version. If not, it invites you to upgrade.

You can also download upgrades from our site:
www.chauvin-arnoux.com

Go to “Support”, then search on “PEL102/103”. 

http://www.chauvin-arnoux.com
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5. SPECIFICATIONS

5.1. REFERENCE CONDITIONS

Parameter Reference Condition

Ambient temperature 23  ± 2 °C 
Relative humidity [45% RH; 75% RH]
Voltage No DC component in AC, no AC component in DC (< 0.1 %)
Current No DC component in AC, no AC component in DC (< 0.1 %)
Phase voltage [100 Vrms; 1000 Vrms] without DC (< 0.5%)
Input voltage of current inputs (except AmpFlex® 

/ MiniFlex®)
[50 mV; 1.2 V] without DC (< 0.5%) for AC measurement, 
 without AC (< 0.5%) for DC measurement

Supply system frequency 50 Hz ± 0.1 Hz and 60 Hz ± 0.1 Hz 
Harmonics < 0.1%
Voltage unbalance 0%
Preheating Device powered for at least an hour

Common mode
Neutral input and enclosure are held at earth potential
Instrument powered on battery, USB disconnected.

Magnetic field 0 A/m AC
Electric field 0 V/m AC

Table 11

5.2. ELECTRICAL SPECIFICATIONS
5.2.1. VOLTAGE INPUTS

Operating Range:  up to 1 000 Vrms for phase-to-neutral voltages 
 up to 1 700 Vrms for phase-to-phase voltages

 
Note: Phase-to-neutral voltages lower than 2 V and phase-to-phase voltages lower than 2√3 are zeroed.

Input Impedance: 1908 kW (phase-to-neutral)

Max Overload: 1100 Vrms (phase-to-neutral)

5.2.2. CURRENT INPUTS

 
Note: Current sensor outputs are voltages.

Operating Range: 0.5 mV to 1.2 V (1 V = Inom) with crest factor = √2

Input Impedance: 1 MW (except for AmpFlex® / MiniFlex® current sensors): 
 12.4 kW (AmpFlex® / MiniFlex® current sensors)

Max Overload: 1.7 V



56

5.2.3. INTRINSIC UNCERTAINTY (EXCLUDING CURRENT SENSORS)

5.2.3.1. Specifications at 50/60 Hz 

Quantity Measurement Range Intrinsic uncertainty

Frequency (f) [42.5 Hz ; 69 Hz] ± 0.1 Hz
Phase to neutral voltage (V) [10 V ; 1000 V] ± 0.2% ± 0.2 V
Phase to phase voltage (U) [17 V ; 1700 V] ± 0.2%  ± 0.4 V

Current (I) without current sensor * [0,2% Inom ; 120% Inom] ± 0.2%  ± 0.02% Inom 

Active power (P)

PF = 1
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.5%  ± 0.005% Pnom

PF = [0.5 inductive ; 0.8 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.7%  ± 0.007% Pnom

Reactive power (Q)

Sin ϕ = 1
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 1%  ± 0.01% Qnom

Sin ϕ = [0.5 inductive ; 0.5 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 1%  ± 0.015% Qnom

Sin ϕ = [0.5 inductive ; 0.5 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 1.5%  ± 0.015% Qnom

Sin ϕ = [0.25 inductive ; 0.25 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 3.5%  ± 0.003% Qnom

Apparent power (S) V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom] ± 0.5%  ± 0.005% Snom

Power factor (PF)

PF = [0.5 inductive ; 0.5 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.05

PF = [0.2 inductive ; 0.2 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.1

Tan Φ

Tan Φ = [√3 inductive ; √3 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.02

Tan Φ = [3.2 inductive ;  3.2 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
 ± 0.05

Active energy (Ep) 

PF = 1
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.5% 

PF = [0.5 inductive ; 0.8 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 0.6 % 

Reactive energy (Eq)

Sin ϕ = 1
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
 ± 2% 

Sin ϕ = [0.5 inductive ; 0.5 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
 ± 2% 

Sin ϕ = [0.5 inductive ; 0.5 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
± 2.5% 

Sin ϕ = [0.25 inductive ; 0.25 capacitive]
V = [100 V ; 1000 V]

I = [5% Inom ; 120% Inom]
 ± 2.5% 

Apparent energy (Es) V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom]  ± 0.5% 
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Quantity Measurement Range Intrinsic uncertainty

Harmonics number (1 to 25)
PF = 1

V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom]

 ± 1%

THD
PF = 1

V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom]

 ± 1%

Table 12
 � Inom is the value of the measured current for a current sensor output of 1 V. See Table 27  and Table 28 for the nominal current 

values.
 � Pnom and Snom are the active power and apparent power for V = 1000 V, I = Inom and PF = 1.
 � Qnom is the reactive power for V = 1000 V, I = Inom, and Sin ϕ = 1.
 � *: The intrinsic uncertainty for input current (I) is specified for an isolated input voltage of 1 V = Inom. The intrinsic uncertainty 

of the connected current sensor should be added to this intrinsic uncertainty to determine the total intrinsic uncertainty. In the 
case of using sensors AmpFlex®  and MiniFlex®, intrinsic uncertainty is given in Table 28.
The intrinsic uncertainty for neutral current is the maximum intrinsic uncertainty on I1, I2 and I3.

5.2.3.2. Specifications at 400 Hz

Quantity Measurement Range Intrinsic uncertainty

Frequency (f) [340 Hz ; 460 Hz] ± 0.1 Hz
Phase to neutral voltage (V) [10 V ; 600 V] ± 0.5% ± 0.5 V
Phase to phase voltage (U) [17 V ; 1000 V] ± 0.5% ± 0.5 V 

Current (I) without current sensor * [0,2% Inom ; 120% Inom] *** ± 0.5% ± 0.05 % Inom 

Active power (P)

PF = 1
V = [100 V ; 600 V]

I = [5% Inom ; 120% Inom]
±2% ± 0.02% Pnom **

PF = [0.5 inductive ; 0.8 capacitive]
V = [100 V ; 600 V]

I = [5% Inom ; 120% Inom]
±3% ± 0.03% Pnom **

Active energy (Ep) 
PF = 1

V = [100 V ; 600 V]
I = [5% Inom ; 120% Inom]

± 2% ** 

Table 13
 � Inom is the value of the measured current for a current sensor output at 50/60 Hz. See Table 27 for the nominal current values.
 � Pnom is the active power for V = 600 V, I = Inom and PF = 1.
 � *: The intrinsic uncertainty for input current (I) is specified for an isolated input voltage of 1 V = Inom. The intrinsic uncertainty 

of the connected current sensor should be added to this intrinsic uncertainty to determine the total intrinsic uncertainty. In the 
case of using sensors AmpFlex®  and MiniFlex®, intrinsic uncertainty is given in Table 28.
The intrinsic uncertainty for neutral current is the maximum intrinsic uncertainty on I1, I2 and I3.

 � **: Indicative maximum value of the intrinsic uncertainty. Higher uncertainties can be noted, in particular with EMI.
 � ***: For AmpFlex®  and MiniFlex®, the maximum current is limited to 60% Inom at 50/60 Hz, because of higher sensitivity.
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5.2.3.3. Specifications in DC

Quantity Measurement range Typical intrinsic uncertainty **

Voltage (V) V = [100 V ; 1000 V] ± 1%   ± 3 V
Current (I) without current sensor * I = [5% Inom ; 120% Inom] ± 1%  ± 0.3% Inom

Power (P) V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom] ± 1%  ± 0.3% Pnom

Energy (Ep) V = [100 V ; 1000 V]
I = [5% Inom ; 120% Inom] ± 1.5% 

Table 14
 � Inom is the value of the measured current for a current sensor output of 1 V. See Table 27 for the nominal current values.
 � Pnom is the power for V = 1000 V and I = Inom.
 � *: The intrinsic uncertainty for input current (I) is specified for an isolated input voltage of 1 V = Inom. The intrinsic uncertainty 

of the connected current sensor should be added to this intrinsic uncertainty to determine the total intrinsic uncertainty. In the 
case of using sensors AmpFlex®  and MiniFlex®, intrinsic uncertainty is given in Table 28.

 � The intrinsic uncertainty for neutral current is the maximum intrinsic uncertainty on I1, I2 and I3.
 � **: Indicative maximum value of the intrinsic uncertainty. Higher uncertainties can be noted, in particular with EMI.

5.2.3.4. Phase order

Conditions for a correct phase order: current phase orders, voltage phase orders and current vs voltage phase order are correct. 

Conditions of correct current phase order

Distribution system Abbreviation Voltage phase 
order Comments

1-phase 2-wire 1P-2W No

1-phase 3-wire 1P-3W Yes ϕ (I2, I1) = 180° +/- 30°

3-phase 3-wire ∆ (2 current sensors) 3P-3W∆2

Yes ϕ (I1, I3) = 120° +/- 30° 
No I2 current sensors3-phase 3-wire Open ∆ (2 current sensors) 3P-3W02

3-phase 3-wire Y (2 current sensors) 3P-3WY2

3-phase 3-wire ∆ (3 current sensors) 3P-3W∆3

Yes [ϕ (I1, I3), ϕ (I3, I2), ϕ (I2, I1)] = 120° +/- 30°3-phase 3-wire Open ∆ (3 current sensors) 3P-3W03

3-phase 3-wire Y (3 current sensors) 3P-3WY3

3-phase 3-wire ∆ balanced 3P-3W∆B No

3-phase 4-wire Y 3P-4WY Yes [ϕ (I1, I3), ϕ (I3, I2), ϕ (I2, I1)] = 120° +/- 30°

3-phase 4-wire Y balanced 3P-4WYB No

3-phase 4-wire Y 2½ 3P-4WY2 Yes [ϕ (I1, I3), ϕ (I3, I2), ϕ (I2, I1)] = 120° +/- 30°

3-phase 4-wire ∆ 3P-4W∆
Yes [ϕ (I1, I3), ϕ (I3, I2), ϕ (I2, I1)] = 120° +/- 30°

3-phase 4-wire Open ∆ 3P-4WO∆

DC 2-wire DC-2W No

DC 3-wire DC-3W No

DC 4-wire DC-4W No

Table 15
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Conditions of correct voltage phase order

Distribution system Abbreviation Voltage phase 
order Comments

1-phase 2-wire 1P-2W No

1-phase 3-wire 1P-3W Yes ϕ (V2, V1) = 180° +/- 10°

3-phase 3-wire ∆ (2 current sensors) 3P-3W∆2

Yes (on U) [ϕ (U12, U31), ϕ (U31, U23), ϕ (U23, U12)] = 120° +/- 10°3-phase 3-wire Open ∆ (2 current sensors) 3P-3W02

3-phase 3-wire Y (2 current sensors) 3P-3WY2

3-phase 3-wire ∆ (3 current sensors) 3P-3W∆3

Yes (on U) [ϕ (U12, U31), ϕ (U31, U23), ϕ (U23, U12)] 
= 120° +/- 10°3-phase 3-wire Open ∆ (3 current sensors) 3P-3W03

3-phase 3-wire Y (3 current sensors) 3P-3WY3

3-phase 3-wire ∆ balanced 3P-3W∆B No

3-phase 4-wire Y 3P-4WY Yes (on V) [ϕ (V1, V3), ϕ (V3, V2), ϕ (V2, V1)] = 120° +/- 10°

3-phase 4-wire Y balanced 3P-4WYB No

3-phase 4-wire Y 2½ 3P-4WY2 Yes (on V) ϕ (V1, V3) = 120° +/- 10° No V2

3-phase 4-wire ∆ 3P-4W∆
Yes (on U) ϕ (V1, V3) = 180° +/- 10° [ϕ (U12, U31), 

ϕ (U31, U23), ϕ (U23, U12)] = 120° +/- 10°3-phase 4-wire Open ∆ 3P-4WO∆

DC 2-wire DC-2W No

DC 3-wire DC-3W No

DC 4-wire DC-4W No

Table 16

Conditions of correct current vs voltage phase order

Distribution system Abbreviation Voltage phase 
order Comments

1-phase 2-wire 1P-2W Yes ϕ (I1, V1) = 0° +/- 60° for load 
ϕ (I1, V1) = 180° +/- 60° for source

1-phase 3-wire 1P-3W Yes [ϕ (I1, V1), ϕ (I2, V2)] = 0° +/- 60° for load 
[ϕ (I1, V1), ϕ (I2, V2)] = 180° +/- 60° for source

3-phase 3-wire ∆ (2 current sensors) 3P-3W∆2

Yes [ϕ (I1, U12), ϕ (I3, U31)] = 30° +/- 60° for load [ϕ (I1, U12), 
ϕ (I3, U31)] = 210° +/- 60° for source No I2 current sensor3-phase 3-wire Open ∆ (2 current sensors) 3P-3W02

3-phase 3-wire Y (2 current sensors) 3P-3WY2

3-phase 3-wire ∆ (3 current sensors) 3P-3W∆3

Yes
[ϕ (I1, U12), ϕ (I2, U23), ϕ (I3, U31)] = 30° +/- 60° for load 

[ϕ (I1, U12), ϕ (I2, U23), ϕ (I3, U31)] = 210° +/- 60° for 
source

3-phase 3-wire Open ∆ (3 current sensors) 3P-3W03

3-phase 3-wire Y (3 current sensors) 3P-3WY3

3-phase 3-wire ∆ balanced 3P-3W∆B Yes ϕ (I3, U12) = 90° +/- 60° for load 
ϕ (I3, U12) = 270° +/- 60° for source

3-phase 4-wire Y 3P-4WY Yes [ϕ (I1, V1), ϕ (I2, V2), ϕ (I3, V3)] = 0° +/- 60° for load 
[ϕ (I1, V1), ϕ (I2, V2), ϕ (I3, V3)] = 180° +/- 60° for source

3-phase 4-wire Y balanced 3P-4WYB Yes ϕ (I1, V1) = 0° +/- 60° for load 
ϕ (I1, V1) = 180° +/- 60° for source

3-phase 4-wire Y 2½ 3P-4WY2 Yes [ϕ (I1, V1), ϕ (I3, V3)] = 0° +/- 60° for load 
[ϕ (I1, V1), ϕ (I3, V3)] = 180° +/- 60° for source No V2

3-phase 4-wire ∆ 3P-4W∆
Yes

[ϕ (I1, U12), ϕ (I2, U23), ϕ (I3, U31)] = 30° +/- 60° for load 
[ϕ (I1, U12), ϕ (I2, U23), ϕ (I3, U31)] = 210° +/- 60° for 

source3-phase 4-wire Open ∆ 3P-4WO∆

DC 2-wire DC-2W No

DC 3-wire DC-3W No

DC 4-wire DC-4W No

Table 17
Load or source is set by configuration.
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5.2.3.5. Temperature

For V, U, I, P, Q, S, PF, and E:
 � 300 ppm/°C, with 5% < I < 120% and PF = 1
 � 500 ppm/°C, with 10% < I < 120% and PF = 0.5 inductive
 � DC offset  V: 10 mv/°C typical

  I: 30 ppm Inom /°C typical

5.2.3.6. Common mode rejection

The common mode rejection ratio on neutral input is 140 dB typical.
For example, 110 V applied on the neutral input will add 11 μV on AmpFLEX®/MiniFLEX® values which is a 230 mA error at 60 Hz. 
110 V applied on the neutral input will add 11 μV on other current sensors values which is a 0,01% Inom additional error.

5.2.3.7. Magnetic field influence

For current inputs to which MiniFLEX® or AmpFLEX® flexible current sensors are connected: 10 mA/A/m typically at 50/60 Hz.

5.2.4. CURRENT SENSORS

5.2.4.1. Precautions for use

 
Note: Refer to the safety sheet or user’s manual that was supplied with your current sensors. 

Current clamps and flexible current sensors are used to measure the current flowing in a cable without opening the circuit. They 
also insulate the user from dangerous voltages in the circuit.

The choice of current sensor to be used depends on the current to be measured and the diameter of the cables.
When installing current sensors, have the arrow on the probe or sensor point towards the load.

5.2.4.2. Specifications

The measurement ranges are those of the sensors. In some cases, they may differ from the ranges that can be measured by the 
PEL. Refer to the users manual distributed with the current sensor.

a) MiniFlex® MA193
The MiniFLEX® MA193 Flexible Current Sensor can be used to measure the current in a cable without opening the circuit. It also 
serves to isolate the user from hazardous voltages in the circuit. This sensor can only be used as an accessory of an instrument. 
If you have several sensors, you can mark each of them before connecting it using one of the color-coded rings supplied with the 
instrument to identify the phase. Then connect the sensor to the instrument. 

 � Press the yellow opening device to open the sensor. Then, place it around the conductor through which the current to be 
measured flows (only one conductor per sensor).


 � Close the sensor. In order to optimize measurement quality, it is best to center the conductor in the sensor and make the shape 

of the sensor as circular as possible. 
 � To disconnect the sensor, open it and withdraw it from the conductor. Then disconnect the sensor from the instrument.
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MiniFlex® MA193

Nominal Range 100 / 400 / 2,000 / 10,000 Aac (provided that the conductor can be clamped)
Measurement Range 50 mA to 2400 Aac

Maximum Clamping Diameter Length = 250 mm; Ø =  70 mm
Length = 350 mm; Ø =  100 mm

Variation of the position of the 
conductor in the sensor ≤ 2,5% 

Adjacent conductor carrying 
alternating current ≤ 1% for a conductor in contact with sensor and ≤ 2% near the snap device

Safety IEC 61010-2-032, Pollution degree 2, 600 V CAT IV, 1000 V CAT III

Table 18

Note: Currents < 0.05% of the nominal range will be set to zero.
 The nominal ranges are reduced to 50/200/1000 Aac at 400 Hz.
 The 10,000 A range only works if you can clamp the conductor in the MiniFlex® sensor.

b) PAC93 clamp
Note: Power calculations are zeroed when the current is zeroed.

PAC93 clamp

Nominal Range 1000 Aac, 1400 Adc max
Measurement Range 1 to 1000 Aac, 1 to 1300 Apeak ac+dc
Maximum Clamping Diameter One 42 mm or two 25.4 mm conductors or two 50 x 5 mm bus bars
Variation of the position of the 
conductor in the clamp < 0,5%, DC to 440 Hz

Adjacent conductor carry ing 
alternating current < 10 mA/A, at 50/60 Hz

Safety IEC 61010-2-032, Pollution degree 2, 300 V CAT IV, 600 V CAT III

Table 19

Note: Currents < 1 Aac/dc will be set to zero in AC distribution systems.

c) C193 clamp

C193 clamp

Nominal Range 1000 Aac for f ≤1 kHz
Measurement Range 0.5 to 1200 Aac max (I >1000 A more than 5 minutes)
Maximum Clamping Diameter  52 mm
Variation of the position of the 
conductor in the clamp < 0,1%, DC to 440 Hz

Adjacent  conductor  car ry ing 
alternating current < 0,5 mA/A, at 50/60 Hz

Safety IEC 61010-2-032, Pollution degree 2, 600 V CAT IV, 1000 V CAT III

Table 20
Note: Currents < 0.5 A will be set to zero. 
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d) AmpFlex® A193

AmpFlex® A193

Nominal Range 100 / 400 / 2.000 / 10.000 Aac
Measurement Range 0.05 to 12000 Aac

Maximum Clamping Diameter Length = 450 mm; Ø = 120 mm
Length = 800 mm; Ø = 235 mm

Variation of the position of the 
conductor in the sensor ≤ 2% any position and ≤ 4% near snap device

Adjacent conductor carrying 
alternating current ≤ 1% any position and ≤ 2% near snap device

Safety IEC 61010-2-032, Pollution degree 2, 600 V CAT IV, 1000 V CAT III
Table 21

Note: Currents < 0.05% of the nominal range will be set to zero.
 The nominal ranges are reduced to 50/200/1000/5000 Aac at 400 Hz.

e) MN93 clamp

MN93 clamp

Nominal Range 200 Aac for f ≤1 kHz
Measurement Range 0.5 to 240 Aac max (I >200 A not permanent)
Maximum Clamping Diameter 20 mm
Variation of the position of the 
conductor in the clamp < 0,5%, at 50/60 Hz

Adjacent  conductor  carry ing 
alternating current ≤ 15 mA/A

Safety IEC 61010-2-032, Pollution degree 2, 300 V CAT IV, 600 V CAT III
Table 22

Note: Currents < 100 mA will be set to zero. 

f) MN93A clamp

MN93A clamp

Nominal Range 5 A and 100 Aac
Measurement Range 5 A: 0.01 to 6 Aac max;     100 A: 0.2 A to 120 Aac max
Maximum Clamping Diameter 20 mm
Variation of the position of the 
conductor in the clamp < 0,5%, at 50/60 Hz

Adjacent  conductor  carry ing 
alternating current ≤ 15 mA/A, at 50/60 Hz

Safety IEC 61010-2-032, Pollution degree 2, 300 V CAT IV, 600 V CAT III
Table 23 

The 5 A range of the MN93A is designed to work with secondary current transformers.
Note: Currents < 2.5 mA x ratio on the 5 A range and < 50 mA on the 100 A range will be set to zero with this probe.
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g) E3N clamp

E3N clamp

Nominal Range 10 Aac/dc, 100 Aac/dc
Measurement Range 0.01 to 100 Aac/dc
Maximum Clamping Diameter 11.8 mm
Variation of the position of the 
conductor in the clamp < 0,5%

Adjacent conductor carrying 
alternating current -33 dB typical, DC to 1 kHz

Safety IEC 61010-2-032, Pollution degree 2, 300 V CAT IV, 600 V CAT III
Table 24

Note: Currents < 50 mA will be set to zero in AC distribution systems.

h) J93 clamp

J93 clamp

Nominal Range 3500 Aac, 5000 Adc
Measurement Range 50 - 3500 Aac;  50 - 5000 Adc
Maximum Clamping Diameter 72 mm
Variation of the position of the 
conductor in the clamp < ± 2%

Adjacent conductor carrying 
alternating current > 35 dB typical, DC to 2 kHz

Safety IEC 61010-2-032, Pollution degree 2, 600 V CAT IV, 1000 V CAT III
Table 25

Note: Currents < 5 A will be set to zero in AC distribution systems.

i) 5A adapter box/Essailec® adapter

5 A adapter box / Essailec® adapter

Nominal Range 5 Aac
Measurement Range 0.005 to 6 Aac
Number of transformer inputs 3
Safety IEC 61010-2-032, Pollution degree 2, 300 V CAT III

Table 26

Note: Currents < 2.5 mA will be set to zero.
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5.2.4.3. Intrinsic uncertainty

The intrinsic uncertainties of the current and phase measured by the sensor must be added to the intrinsic uncertainties of the 
instrument for the quantity concerned (power, energy, power factor, tan Φ, etc.).

The following specifications are considered to be in the conditions of references of the current sensor.

Current sensors with 1 V output at Inom specifications

Sensor type I nominal Current 
(RMS or DC)

Intrinsic 
uncertainty 
at 50/60 Hz

Intrinsic 
uncertainty

on ϕ  
at 50/60 Hz

Typical 
uncertainty on 

ϕ at 
50/60 Hz

Typical 
uncertainty  

on ϕ  
at 400 Hz

PAC93
clamp 1000 Adc

[1 A; 50 A[ ± 1.5% ± 1 A - -

[50 A; 100 A[ ± 1.5% ± 1 A ± 2.5° -0.9°

- 4.5°@ 100 A[100 A; 800 A[ ± 2.5%
± 2°

- 0.8°

[800 A; 1000 A[ ± 4% - 0.65°

C193
clamp 1000 Aac

[1 A; 50 A[ ± 1% - -

[50 A; 100 A[ ± 0.5% ± 1° + 0.25°
+ 0.1°@ 1000 A

[100 A; 1200 A[ ± 0.3% ± 0.7° + 0.2°

MN93
clamp 200 Aac

[0,5 A; 5 A[ ± 3% ± 1 A - - -

[5 A; 40 A[ ± 2.5% ± 1 A ± 5° + 2° - 1.5°@ 40 A

[40 A; 100 A[ ± 2% ± 1 A ± 3° + 1.2° - 0.8°@ 100 A

[100 A; 240 A[ ± 1% + 1 A ± 2.5° ± 0.8° - 1°@ 200 A

MN93A
clamp

100 Aac
[200 mA; 5 A[ ± 1% ± 2 mA ± 4° - -

[5 A; 120 A[ ± 1% ± 2.5° + 0.75° - 0.5°@100 A

5 Aac
[5 mA; 250 mA[ ± 1.5% ± 0,1 mA - - -

[255 mA; 6 A[ ± 1% ± 5°  + 1.7° - 0.5°@ 5 A

E3N
clamp

100 Aac/dc
[5 A; 40 A[ ± 4% ± 50 mA ± 1° - -

[40 A; 100 A[ ± 15% ± 1° - -

10 Aac/dc [50 mA; 10 A[ ± 3% ± 50 mA ± 1.5° - -

J93
clamp

3500 Aac
5000 Adc

[50 A; 100 A[ ± 2% ± 2.5 A ± 4° - -

[100 A; 500 A[ ± 1.5% ± 2.5 A ± 2° - -

[500 A; 3500 A[ ± 1% ± 1.5° - -

]3500 Adc; 5000 Adc[ ± 1% - - -

5A / Essailec® 

Adapter 5 Aac
[5 mA; 250 mA[ ± 0.5% ± 2 mA ± 0.5°

- -
[250 mA; 6 A[ ± 0.5% ± 1 mA ± 0.5°

Table 27
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AmpFlex®  and MiniFlex® specifications

Sensor type I nominal Current 
(RMS or DC)

Typical intrinsic 
uncertainty 
at 50/60 Hz

Intrinsic 
uncertainty
at 400 Hz

Intrinsic 
uncertainty on 

ϕ at 
50/60 Hz

Typical 
uncertainty  

on ϕ  
at 400 Hz

AmpFlex® 
A193 *

100 Aac
[200 mA; 5 A[ ± 1.2 % ±  50 mA ± 2 % ±  0,1 A - -

[5 A; 120 A[ * ± 1.2 % ±  50 mA ± 2 % ±  0,1 A ± 0.5° - 0.5°

400 Aac
[0,8 A; 20 A[ ± 1.2 % ±  0.2 A ± 2 % ±  0,4 A - -

[20 A; 500 A[ * ± 1.2 % ±  0.2 A ± 2 % ±  0,4 A ± 0.5° - 0.5°

2000 Aac
[4 A; 100 A[ ± 1.2 % ± 1 A ± 2 % ± 2 A - -

[100 A; 2400 A[ * ± 1.2 % ± 1 A ± 2 % ± 2 A ± 0.5° - 0.5°

10,000 Aac
[20 A; 500 A[ ± 1.2 % ± 5 A ±2 % ± 10 A - -

[500 A; 12000 A[ * ± 1.2 % ± 5 A ± 2 % ± 10 A ± 0.5° - 0.5°

MiniFlex® 
MA193 *

100 Aac
[200 mA; 5 A[ ± 1 % ±  50 mA ± 2 % ±  0,1 A - -

[5 A; 120 A[ * ± 1 % ±  50 mA ± 2 % ±  0,1 A ± 0.5° - 0.5°

400 Aac
[0,8 A; 20 A[ ± 1 % ±  0.2 A ± 2 % ±  0,4 A - -

[20 A; 500 A[ * ± 1 % ±  0.2 A ± 2 % ±  0,4 A ± 0.5° - 0.5°

2000 Aac
[4 A; 100 A[ ± 1 % ± 1 A ± 2 % ± 2 A - -

[100 A; 2,400 A[ * ± 1 % ± 1 A ± 2 % ± 2 A ± 0.5° - 0.5°

Table 28

*: The nominal ranges are reduced to 50/200/1000/5000 Aac at 400 Hz. 

5.3. BLUETOOTH
Bluetooth 2.1, 
Class 1 (range: 100 m)
Nominal output power: +15 dBm 
Nominal sensitivity: -82 dBm
Rate: 115,2 kbits/s

5.4. POWER SUPPLY
AC Power (external power supply) 

 � Operating Range: 110 - 250 V @ 50/60 Hz 
 � Max Power: 30 VA

Battery Power
 � Type: Rechargeable NiMH battery
 � Charge Time: 5 hours approx
 � Recharging Temperature: 10° to 40°C

 
Note: When the instrument is off, the real-time clock is saved for more than 2 weeks.

Autonomy
 � 30 minutes minimum
 � 60 minutes typical
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5.5. MECHANICAL SPECIFICATIONS
 � Dimensions: 256 x 125 x 37 mm
 � Weight: < 1 kg
 � Drop Test: 1 m in the most severe position without permanent mechanical damage or functional deterioration
 � Degrees of protection: provided by enclosure (IP code) according to IEC 60529

IP 54 instrument not connected (de-energised)
IP20 instrument connected (operating)

5.6. ENVIRONMENTAL SPECIFICATIONS
 � Altitude: Operating: 

 � 0 to 2000 m; 
 � Non-Operating: 0 to 10000 m

 � Temperature and % RH:

H.R. [%]

95

85

75

45

10

-20 0 20 26 35 50

3 2 1 4

70
T [°C]

%RH

Figure 53

1= Range of reference
1+2= Operating range
1+2+3= Storage range with batteries 
1+2+3+4= Storage range without batteries

5.7. SAFETY SPECIFICATIONS
The instrument complies with IEC 61010-1 and IEC 61010-2-030 for the following:

 � Measurement inputs and enclosure: 600 V CAT IV / 1000 V CAT III, pollution degree 2
 � Power supply: 300 V overvoltage category II, pollution degree 2

Conforms to UL Std. UL 61010-1
Conforms to UL Std. UL 61010-2-030
Cert. to CAN/CSA Std. C22.2 No. 61010-1-12
Cert. to CSA Std. C22.2#61010-2-030

For the current sensors, see § 5.2.4
The current sensors comply with IEC 61010-2-032
The test leads and crocodile clips comply with IEC 61010-031

5.8. ELECTROMAGNETIC COMPATIBILITY
Emissions and immunity in an industrial setting compliant with IEC 61326-1.
With an influence of 0,5 % typical of the full scale (5 A maximum).

4009819
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6.  MAINTENANCE

  
  The instrument contains no parts that can be replaced by personnel who have not been specially trained and 
accredited. Any unauthorized repair or replacement of a part by an “equivalent” may gravely impair safety.

6.1. BATTERY
Your instrument is equipped with an NiMH battery. This technology offers several advantages:

 � Long battery charge life for a limited volume and weight.
 � Significantly reduced memory effect: you can recharge your battery even if it is not fully discharged.
 � Respect for the environment: no pollutant materials such as lead or cadmium, in compliance with the applicable regulations.

After prolonged storage, the battery may be completely discharged. If so, it must be completely recharged.

Your instrument may be unable to function during part of this recharging operation.

Full recharging of a completely discharged battery may take several hours.

  
In this case, at least 5 charge/discharge cycles will be necessary for your battery to recover 95% of its 
capacity.

To make the best possible use of your battery and extend its effective service life:
 � Only charge your instrument at temperatures between 10°C and 40°C (50°F and 104°F).
 � Comply with the conditions of use.
 � Comply with the storage conditions.

6.2. BATTERY INDICATOR
The Yellow/Red LED (#6 - see Table 4) indicates  the status of the battery. 
When power is on, the battery is charged until it is full.

 � LED OFF: Battery full (with or without power supply)
 � Yellow LED ON/Not blinking: Battery is charging
 � Yellow LED blinks twice per second: Battery is being recharged after a full discharge
 � Red LED blinks twice per second: Low battery (and no power supply)

6.3. CLEANING

  
Disconnect the instrument from any source of electricity. 

Use a soft cloth, dampened with soapy water. Rinse with a damp cloth and dry rapidly with a dry cloth or forced air. Do not use 
alcohol, solvents, or hydrocarbons.

Do not use the instrument if the terminals or keyboard are wet. Dry it first.

For the current sensors:
 � Make sure that no foreign body interferes with the operation of the snap device of the sensor.
 � Keep the clamp jaws as clean as possible. Do not splash water directly on the clamp
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7. WARRANTY 

Except as otherwise stated, our warranty is valid for 24 months starting from the date on which the equipment was sold. Extract 
from our General Conditions of Sale provided on request. 

The warranty does not apply in the following cases:
 � Inappropriate use of the equipment or use with incompatible equipment;
 � Modifications made to the equipment without the explicit permission of the manufacturer’s technical staff;
 � Work done on the device by a person not approved by the manufacturer;
 � Adaptation to a particular application not anticipated in the definition of the equipment or not indicated in the user’s manual;
 � Damage caused by shocks, falls, or floods.



69

8. APPENDIX

8.1. MEASUREMENTS
8.1.1. DEFINITION

Calculations are done according to IEC 61557-12 and IEC 61000-4-30.

Geometric representation of active and reactive power:

Figure 54

Diagram in accordance with clauses 12 and 14 of IEC 60375.
The reference of this diagram is the current vector (fixed on the right-hand part of the axis).
The voltage vector V changes its direction according to phase angle ϕ.
The phase angle ϕ between voltage V and current I is taken to be positive in the the counterclockwise sense.

8.1.2. SAMPLING

8.1.2.1. Sampling Period

Depends on mains frequency: 50 Hz, 60 Hz or 400 Hz.
The sampling period is calculated every second.

 � Mains frequency f = 50 Hz
 � From 42.5 to 57.5 Hz (50 Hz ±15%), the sampling period is locked to the mains frequency. 128 samples are available for 

each mains cycle.
 � Outside the range 42.5 to 57.5 Hz, the sampling period is 128*50 Hz.

 � Mains frequency f = 60 Hz
 � From 51 to 69 Hz (60 Hz ±15%), the sampling period is locked to the mains frequency. 128 samples are available for 

each mains cycle.
 � Outside the range 51 to 69 Hz, the sampling period is 128*60 Hz.

 � Mains frequency f = 400 Hz 
 � From 340 to 460 Hz (400 Hz ±15%), the sampling period is locked to the mains frequency. 16 samples are available for 

each mains cycle.
 � Outside the range 340 to 460 Hz, the sampling period is 16*400 Hz.

A pure DC measured signal is considered to be outside the frequency ranges. The sampling frequency is then, according to the 
preselected mains frequency, 6.4 kHz (50/400 Hz) or 7.68 kHz (60 Hz).

8.1.2.2. Locking of Sampling Frequency

 � By default, the sampling frequency is locked to V1
 � If V1 is missing, the sampling frequency attempts to lock to V2, then V3, I1, I2 and I3

V

P

φ

S

Q

Export active power Import active power

Import reactive 
power

Export reactive 
power
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8.1.2.3. AC/DC

The PEL makes  AC and DC measurements for alternating current and direct current distribution systems. Selection of AC or DC 
is by the user.

AC +DC values are not available with PEL. 

8.1.2.4. Measurement of Neutral Current

The PEL102 and PEL103 calculate the neutral current according to the distribution system. 

8.1.2.5. “1-second” Quantities

The instrument calculates the following quantities every second, according to § 8.2.

“1-second” quantities are used for:
 � Real-time values
 � “1-second” trends
 � Aggregation of values for “aggregated” trends (see § 8.1.2.6)
 � Min and max determination for “aggregated” trends

All “1 second” quantities are saved on the SD-Card during the recording time.

8.1.2.6. Aggregation

An aggregated quantity is a value calculated for a defined period, according to the formulas specified in Table 30.
 
Aggregation periods always start on rounded hours/minutes. The aggregation period is the same for all quantities. The period is 
one of the following: 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30 and 60mn.

All aggregated quantities are saved on the SD-Card during the recording session. They can be displayed in the PEL Transfer (see 
§ 4.4).

8.1.2.7. Min and Max

Min and Max are the minimum and maximum values of the “1-second” quantities for the considered aggregation period in question. 
They are saved with the date and time of the Min and Max (see Table 30 for the available values). The Max aggregated values of 
some quantities are displayed directly.

8.1.2.8. Energy calculations

Energies are calculated every second.
The “Total” energy is the demand during the recording session.

The “Partial” energy can be determined during an integration period with the following values: 1 h, 1 day, 1 week, 1 month. The 
partial energy index is available only in real-time. It is not recorded.

However, the “Total” energy is available with the recording session data. 
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8.2. MEASUREMENT FORMULAS
PEL measures 128 samples per cycle (16 at 400 Hz) and calculates the voltage, current and active power quantities over one cycle. 

PEL instruments calculate the aggregated value for 50 cycles (50 Hz), 66 cycles (60 Hz) or 400 cycles (400 Hz).  (“1 second” quantities).

Quantities Formula Comments

AC RMS phase-to-neutral voltage 
(VL)

vL = v1, v2 or v3 elementary sample
N = Number of samples

DC voltage (VL)
L = v1, v2 or v3 elementary sample

N = Number of samples

AC RMS phase-to-phase voltage 
(UL)

ab = u12, u23 or u31 elementary sample
N = Number of samples

AC RMS Current (IL)
iL = i1, i2 or i3 elementary sample

N = Number of samples

DC Current (IL)
iL = i1, i2 or i3 elementary sample

N = Number of samples

Voltage crest factor (V-CF) CFVL is the ratio of average crest values to the RMS 
value of 10/12 periods

Current crest factor (I-CF) CFIL is the ratio of average crest values to the RMS 
value of 10/12 periods

Unbalance (u2)
real-time only

with

 
22

31
2
23

2
12

4
31

4
23

4
12

)( fundfundfund

fundfundfund

UUU
UUU

++

++
=β

Active Power (PL)
L = I1, I2 or I3 elementary sample

N = Number of samples PT[1s]= P1[1s] + P2[1s] + 
P3[1s]

Reactive Power (QL)

Reactive power includes harmonics.
"sign[1s]" is the reactive power sign

The total reactive power calculated QT[1s] is a vector.

Apparent Power (SL)
The total apparent power ST[1s] is an arithmetic value

Power Factor (PFL)
 

Cos ϕL

Cos ϕL [10/12] is the cosine of the difference between 
the phase of the fundamental of the current I and the 

phase of the fundamental of the phase-to-neutral 
voltage V for 10/12 cycles values

Tan Φ Q[10/12] and P[10/12] are the 10/12-period values for 
Q and P.

AC consumed active energy (EP+)
 

∑ ++ = xTP PE

AC generated active energy (EP-)
 

( ) ∑ −− ×−= 1 xTP PE

AC reactive energy in quadrant 
1 (EQ1)

 
∑= 11 xqTQ QE

AC reactive energy in quadrant 
2 (EQ2)

 
∑= 22 xqTQ QE
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Quantities Formula Comments

AC reactive energy in quadrant 
3 (EQ3)

 
( ) ∑×−= 1 33 xqTQ QE

AC reactive energy in quadrant 
4 (EQ4)

 
( ) ∑×−= 1 44 xqTQ QE

AC consumed apparent energy 
(ES+)

 
∑ ++ = xTS SE

AC generated apparent energy 
(ES-)

 
∑ −− = xTS SE

DC consumed energy (EPdc+)
 

∑ ++ = xTdcP PE
dc

DC consumed energy (EPdc-)
 

( ) ∑ −− ×−= 1 xTdcP PE
dc

Phase-to-neutral voltage harmonic 
distortion rate THD_VL (%)

 THD is calculated as % of fundamental 
VH1 is the value of the fundamental

Phase-to-phase voltage harmonic 
distortion level THD_Uab (%)

THD is calculated as % of fundamental 
UH1 is the value of the fundamental

Current harmonic distortion level 
THD_IL (%)

THD is calculated as % of fundamental 
IH1 is the value of the fundamental 

Table 29

8.3. AGGREGATION
Aggregated quantities are calculated for a defined period according to the following formulas based on “1 second” values. They 
may be calculated by arithmetic or quadratic averaging, or other methods.

Quantities Formula

Phase-to-neutral voltage (VL)  
(RMS)

 
]1[1][

1

0

2 sV
N

aggV
N

x
xLL ∑

−

=

×=

 

Phase-to-neutral voltage (VL)  
(DC)

 
∑
−

=

×=
1

0

]200[1]agg[
N

x
LxL msV

N
V

Phase-to-phase voltage (Uab)  
(RMS)

 
∑
−

=

×=
1

0

2 ]1[1]agg[
N

x
abxab sU

N
U

 
ab = 12, 23 or 31

Current (IL)  
(RMS)

 
∑
−

=

×=
1

0

2 ]1[1][
N

x
LxL sI

N
aggI

Current (IL)  
(DC)

 ∑
−

=

×=
1

0

]200[1]agg[
N

x
LxL msI

N
I

Voltage crest factor (CFVL)
 ∑×=

N

VLVL sCF
N

aggCF
1

]1[1][

Current crest factor (CFIL)
 ∑×=

N

ILIL sCF
N

aggCF
1

]1[1][

Unbalance (u2)
 ∑×=

N

su
N

aggu
1

22 ]1[1][
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Quantities Formula

Frequency (F)
 ∑

−

=

×=
1

0

]1[1][
N

x
x sF

N
aggF

 

Active Power exported (PSL)
 

∑
−

=

×=
1

0

]1[1][
N

x
SLxSL sP

N
aggP

 

Active Power imported (PLL)
 

∑
−

=

×=
1

0

]1[1][
N

x
LLxLL sP

N
aggP

 

Reactive Power exported (QSL)
 ∑

−

=

×=
1

0

]1[1][
N

x
SLxSL sQ

N
aggQ

 

Reactive Power imported (QLL)
 

∑
−

=

×=
1

0

]1[1][
N

x
LLxLL sQ

N
aggQ

 

Apparent Power (SL)
 

∑
−

=

×=
1

0

]1[1][
N

x
LxL sS

N
aggS

Export Power Factor (PFSL) with associated quad-
rant 

 ∑
−

=

×=
1

0

]1[1][
N

x
SLxSL sPF

N
aggPF

 

Import Power Factor (PFLL) with associated quad-
rant

 
∑
−

=

×=
1

0

]1[1][
N

x
LLxLL sPF

N
aggPF

 

Cos (ϕL)S at source with associated quadrant   
∑
−

=

×=
1

0
SxS ]1[)Cos(1][)Cos(

N

x
LL s

N
agg ϕϕ

Cos (ϕL)L at load with associated quadrant  
∑
−

=

×=
1

0

]1[)Cos(1][)Cos(
N

x
xLLLL s

N
agg ϕϕ

Tan ΦS at source
 ∑

−

=

×=
1

0

]1[)Tan(1][)Tan(
N

x
SxS s

N
agg ϕϕ

Tan ΦL at load
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]1[)Tan(1][)Tan(
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xLL s

N
agg ϕϕ

Phase-to-neutral voltage harmonic distortion level 
THD_VL (%)

 
∑
−

=

×=
1

0

]1[_1][_
N

x
LxL sVTHD

N
aggVTHD

Phase-to-phase voltage harmonic distortion level 
THD_Uab (%)

 ∑
−

=

×=
1

0

]1[_1][_
N

x
abxab sUTHD

N
aggUTHD

 

Current harmonic distortion level THD_IL (%) ∑
−

=

×=
1

0

]1[_1][_
N

x
LxL sITHD

N
aggITHD

Table 30

Note: N is the number of “1 second” values for the considered aggregation period (1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30 or 60 min).

8.4. SUPPORTED ELECTRICAL NETWORKS
The following types of distribution systems are supported:

 � V1, V2, V3 are the phase-to-neutral voltages of the installation under test [V1=VL1-N; V2=VL2-N; V3=VL3-N]. 
 � Lower-case letters (v1, v2, v3) are used for sampled values 
 � U12, U23, U31 are the phase-to-phase voltages of the installation under test. 
 � Lower-case letters [u12 = v1-v2; u23= v2-v3, u31=v3-v1] are used for sampled values
 � I1, I2, I3 are the currents flowing in the phase conductors of the installation under test. 
 � Lower-case letters i1, i2, i3  are used for sampled values
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Distribution 
system Abbreviation Phase 

order Comments Reference 
diagram

Single phase 
(1-Phase 2-Wire) 1P- 2W No

Voltage measurements are made between L1 and N.
Current measurements are made on the L1 conductor.

see § 3.4.1

Dual phase
(1-Phase 3-Wire) 1P-3W No

Voltage measurements are made between L1, L2  
and N.
Current measurements are made on the L1 and L2  
conductors.
The neutral current is calculated: iN = i1 + i2

see § 3.4.2

3-Phase 3-Wire ∆
[2 current sensors] 3P-3W∆2

Yes

The power measurement is made by the 2-wattmeter 
method with virtual neutral.
Voltage measurements are made between L1, L2  
and L3.
Current measurements are made on the L1 and L3 
conductors. The I2 current is calculated (no current sensor 
connected on L2): i2 = - i1 - i3
The neutral is not available for the current and voltage  
measurements 

see § 3.4.3.1

3-Phase 3-Wire 
Open ∆
[2 current sensors]

3P-3WO2 see § 3.4.3.3

3-Phase 3-Wire Y
[2 current sensors] 3P-3WY2 see § 3.4.3.5

3-Phase 3-Wire ∆ 
[3 current sensors] 3P-3W∆3 

Yes

The power measurement method is made by the 3 
wattmeter method with virtual neutral.
Voltage measurements are made between L1, L2 and L3.
Current measurements are made on the L1, L2 and L3 
conductors.
The neutral is not available for the current and voltage  
measurements

see § 3.4.3.2

3-Phase 3-Wire 
Open ∆ 
[3 current sensors]

3P-3WO3 see § 3.4.3.4

3-Phase 3-Wire Y 
[3 current sensors] 3P-3WY3 see § 3.4.3.6

3-Phase 3-Wire ∆ 
balanced 3P-3W∆B No

The power measurement is made by the 1-wattmeter 
method.
Voltage measurements are made between L1 and L2.
Current measurements are made on L3 conductor.
U23 = U31 = U12.
I1 = I2 = I3

see § 3.4.3.7

3-Phase 4-Wire Y 3P-4WY Yes

The power measurement method is made by the 
3-wattmeter method with neutral.
Voltage measurements are made between L1, L2 and L3.
Current measurements are made on the L1, L2 and L3 
conductors. 
The neutral current is calculated: iN = i1 + i2 + i3.

see § 3.4.4.1

3-Phase 4-Wire Y 
balanced 3P-4WYB No

The power measurement is made by the single phase 
wattmeter method.
Voltage measurements are made between L1 and N.
Current measurements are made on the L1 conductor.
V1 = V2 = V3
U23 = U31 = U12= V1 x √3.
I1 = I2 = I3

see § 3.4.4.2

3-Phase 4-Wire 
Y 2½ 3P-4WY2 Yes

This method is called the 2½ element method.
The power measurement method is made by the 3 
wattmeter method with virtual neutral.
Voltage measurements are made between L1, L3 and N. 
V2 is calculated: v2 = - v1 - v3, u12 = 2v1 + v3, 
u23= - v1 - 2v3. V2 is assumed to be balanced. 
Current measurements are made on the L1, L2 and L3 
conductors.
The neutral current is calculated: iN = i1 + i2+i3

see § 3.4.4.3
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Distribution 
system Abbreviation Phase 

order Comments Reference 
diagram

3-Phase 4-Wire ∆ 3P-4W∆

No

The power measurement method is made by the 
3-wattmeter method with neutral, but no power information 
for individual phases is available.
Voltage measurements are made between L1, L2 and L3.
Current measurements are made on the L1, L2 and L3 
conductors. 
The neutral current is calculated for only one transformer 
branch: iN = i1 + i2 

see § 3.4.5.1

3-Phase 4-Wire 
Open-∆ 3P-4WO∆ see § 3.4.5.2

DC 2-Wire DC-2W No Voltage measurements are made between L1 and N.
Current measurements are made on the L1 conductor. see § 3.4.6.1

DC 3-Wire DC-3W No

Voltage measurements are made between L1, L2 and N.
Current measurements are made on the L1 and L2 
conductors.
The negative (return) current is calculated: iN = i1 + i2

see § 3.4.6.2

DC 4-Wire DC-4W No

Voltage measurements are made between L1, L2, L3 and N.
Current measurements are made on the L1, L2 and L3 
conductors.
The negative (return) current is calculated: iN = i1 + i2 + i3

see § 3.4.6.3

Table 31

8.5. QUANTITIES ACCORDING TO THE SUPPLY SYSTEMS
 = YES = NO

 

Quantities 1P-2W 1P-3W
3P-3W∆2
3P-3WO2
3P-3WY2

3P-3W∆3
3P-3WO3
3P-3WY3

3P-3W∆B 3P-4WY 3P-4WYB 3P-4WY2 3P-4W∆
3P-4WO∆ DC-2W DC-3W DC-4W

V1
RMS      

V2
RMS   (1) (1) 

V3
RMS  (1)  

V1
DC   

V2
DC  

V3
DC 

U12
RMS      (1) (1) 

U23
RMS   (1)  (1) (1) 

U31
RMS   (1)  (1)  

I1
RMS         

I2
RMS  (2)  (1)  (1)  

I3
RMS   (1)  (1)  

IN
RMS (2) (2) (4) (2) (2)

I1
DC   

I2
DC  

I3
DC 

IN
DC (2) (2)

VCF1      

VCF2   (1) (1) 

VCF3  (1)  

ICF1         

ICF2  (2)  (1)  (1)  

ICF3   (1)  (1)  

u2   (4)  (4) (4) (3)

F         
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Quantities 1P-2W 1P-3W
3P-3W∆2
3P-3WO2
3P-3WY2

3P-3W∆3
3P-3WO3
3P-3WY3

3P-3W∆B 3P-4WY 3P-4WYB 3P-4WY2 3P-4W∆
3P-4WO∆ DC-2W DC-3W DC-4W

P1         

P2   (1) (1)   

P3  (1)   

PT (6)      (1)   (6)  

P1 Sour         

P2 Sour.   (1) (1)   

P3 Sour.  (1)   

PT Sour. (6)      (1)   (6)  

P1 Load         

P2 Load   (1) (1)   

P3 Load  (1)   

PT Load (6)      (1)   (6)  

Q1      

Q2   (1) (1) 

Q3  (1)  

QT (6)      (1)  

Q1 Sour.      

Q2 Sour.   (1) (1) 

Q3 Sour.  (1)  

QT Sour. (6)      (1)  

Q1 Load      

Q2 Load   (1) (1) 

Q3 Load  (1)  

QT Load (6)      (1)  

S1      

S2   (1) (1) 

S3  (1)  

ST (6)      (1)  

PF1      

PF2   (1) (1) 

PF3  (1)  

PFT (6)      (1)  

PF1 Sour.      

PF2 Sour.   (1) (1) 

PF3 Sour.  (1)  

PFT Sour. (6)      (1)  

PF1 Load      

PF2 Load   (1) (1) 

PF3 Load  (1)  

PFT Load (6)      (1)  

Cos ϕ1      

Cos ϕ2   (1) (1) 

Cos ϕ3  (1)  

Cos ϕT (6)      (1)  

Cos ϕ1 Sour.      

Cos ϕ2 Sour.   (1) (1) 

Cos ϕ3 Sour.  (1)  

Cos ϕM Sour. (6)      (1)  
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Quantities 1P-2W 1P-3W
3P-3W∆2
3P-3WO2
3P-3WY2

3P-3W∆3
3P-3WO3
3P-3WY3

3P-3W∆B 3P-4WY 3P-4WYB 3P-4WY2 3P-4W∆
3P-4WO∆ DC-2W DC-3W DC-4W

Cos ϕ1 Load      

Cos ϕ2 Load   (1) (1) 

Cos ϕ3 Load  (1)  

Cos ϕT Load (6)    (3)  (1)  

Tan Φ     (3)   (1) 

Tan Φ Sour.     (3)    

Tan Φ Load     (3)    

Hi_V1 i=1  
to 50
(5)

     

Hi_V2   (1)  

Hi_V3  (1)  

Hi_U12 i=0  
to 50
(5)

     (1) (1) 

Hi_U23   (1)  (1) (1) 

Hi_U31   (1)  (1)  

Hi_I1

i=0  
to 50
(5)

        

Hi_I2  (2)  (1)  (1)  

Hi_I3   (1)  (1)  

Hi_IN (2) (2) (4) (2) (2)

THD_V1      

THD_V2   (1) (1) 

THD_V3  (1)  

THD_U12      (1) (1) 

THD 
_U23

  (1)  (1) (1) 

THD 
_U31

  (1)  (1)  

THD_I1         

THD_I2  (2)  (1)  (1)  

THD_I3   (1)  (1)  

THD_IN (2) (2) (4) (2) (2)

(1) Extrapolated  
(2) Calculated 
(3) Not a significant value 
(4) Always = 0
(5)  Rank 7 for 400 Hz
(6)  P1 = PT , ϕ1 = ϕT , S1 = ST , PF1 = PFT , Cos ϕ1 = Cos ϕT

8.6. GLOSSARY
ϕ Phase shift of the phase-to-neutral voltage with respect to the phase-to-neutral current.

 Inductive phase shift.
   Capacitive phase shift.

° Degree.
% Percentage.
A Ampère (current unit).  
Aggregation Different averages defined in § 8.3.
CF Crest factor (Peak Factor) in current or voltage: ratio of the peak value of a signal to the RMS value.
cos ϕ Cosine of the phase shift of the fundamental voltage with respect to the fundamental current.
DC DC component (current or voltage).
Ep Abbreviation for active energy.
Eq Abbreviation for reactive energy.
Es Abbreviation for apparent energy.
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Frequency number of full voltage or current cycles in one second.
Fundamental component: component at the fundamental frequency.
Harmonics in electrical systems, voltages and currents at frequencies that are multiples of the fundamental frequency.
Hz Frequency of the network.
I Abbreviation for current.
I-CF Crest (peak) factor of current
I-THD  Total harmonic distortion of current
Ix-Hh Current value or percentage for harmonic order n.
L Phase of a polyphased electrical power network.
MAX Maximum value.
Measurement method: Any measurement method associated with an individual measurement.
MIN Minimum value.
Nominal voltage: Reference voltage of a network.
Order of a harmonic: ratio of the frequency of the harmonic to the fundamental frequency; a whole number.
P Abbreviation for active power.
PF Power Factor: ratio of active power to apparent power. 
Phase temporal relationship between current and voltage in alternating current circuits.
Q Abbreviation for reactive power.
RMS RMS (Root Mean Square) value of current or voltage. Square root of the mean of the squares of the instantaneous 

values of a quantity during a specified interval.
S Abbreviation for apparent power.
tan Φ Ratio of reactive power to active power.
THD Total Harmonic Distortion. The total harmonic distortion describes the proportion of the harmonics of a signal with 

respect to the RMS value of the fundamental or to the total RMS value without DC.
U Phase-to-phase voltage.
U-CF Phase-to-phase voltage crest factor
u2 Phase-to-neutral voltage unbalance.
Ux-Hn Phase-to-phase voltage (value or percentage) for harmonic order n.
Uxy-THD Total phase-to-phase voltage harmonic distortion
V Abbreviation for phase-to-neutral voltage or the unit “volt”.
V-CF Voltage crest (peak) factor
VA Apparent power unit (Volt-Ampere).
var Reactive power unit.
varh Reactive energy unit.
V-THD Total harmonic distortion of phase-to-neutral voltage.
Voltage unbalance in a polyphased electrical power network: State in which the RMS voltages between conductors (fundamental 

component) and/or the phase differences between successive conductors are not equal.
Vx-Hn Phase-to-neutral voltage (value or percentage) for harmonic order n.
W Active power unit (Watt).
Wh Active energy unit (Watt-hour). 

Prefixes of International System (SI) units

Prefix Symbol Multiplies by

milli m 10-3

kilo k 103

Mega M 106

Giga G 109

Tera T 1012

Peta P 1015

Exa E 1018
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