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I. INTRODUCTION 

One of the topics of interest in the business of 
electricity supply is represented by minimize losses due 
to fraudulent consumption or errors in meter assembly. 
Having regard that the largest amount of energy 
unmetered on the low voltage is supplied to major 
consumers, we will analyze the possibilities of 
detection and remediation of noncompliance in 
semidirect meters.  

The most used method of diagnosis meter 
installation is represented by vector diagram. Its 
interpretation has resulted in the identification of meter 
incorrectly assembled and allows detection of wrong 
connections. 

Installation requires knowledge of the correct phase 
sequence network and respecting this succession at the 
voltage terminals of the meter. It is also necessary to 
observe the match between meter terminals and 
terminals of current transformers, paying special 
attention to their polarity.  

 
 

II. SEMIDIRECT METERS    

If the current or voltage required by the user 

exceed the current or voltage nominal values of the 

energy meters, is need to use measurement 

transformers. These are auxiliary devices used in AC 

networks and they are designed to provide indirect 

connection of measuring instruments to the primary 

power circuits of consumer. 

Measurement transformers perform the following 

functions: 

- Converts primary values of current or voltage 

in standard values; 

- Provides isolation between high voltage circuits 

and low voltage circuits; 

- Allow placement of measurement instruments 

and low voltage devices from a safe distance from high 

voltage circuits; 

- Protects measuring devices through galvanic 

separation from any dangerous abnormal regimes; 

In terms of constructive, measurement 

transformers are divided into: 

a) Current transformers 

b) Voltage transformers 
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Since the present study treat issues related to 

consumers connected to low voltage network, we will 

further refer only to semidirect meters. This type of 

scheme involves the use of current transformers 

interposed between primary circuits of the consumer 

and current coils of the meter. For the current terminals 

of the meter are used secondary circuits of current 

transformers, and voltage circuits are connected directly 

as shown below: 

 
Fig. 1 Wiring diagram of a three-phase meter in semidirect 

installation with terminals arranged symmetrically to the 

longitudinal axis of the meter 

To ensure that the meter is correctly assembled 

must be respected correspondence between primary and 

secondary circuits of the current transformers. These 

terminals must be marked so that current flowing 

through the meter connected to the secondary winding 

have the same sense as when the meter would be 

connected directly to the primary circuit. Generally, 

current transformers used in power measurement 

schemes is connected with terminals K (P1) of the 

primary winding to the source, and the terminals L (P2) 

to consumer. In this case, terminals k (S1) of the 

secondary winding is connected to input terminals of 

the meter, and terminals l (S2) at the output terminals of 

the respective current coils. Obligatory, one of the 

terminals l (S2) must be connected to earth. 

III. VECTOR DIAGRAM    

Due to the frequent errors that can occur when 
mounting semidirect meters, a special attention should 
be paid to their installation and verification. Vector 
diagram is in fact the graphical representation of current 
and voltage vector measured directly at the meter 
terminal. Depending on the phase angle between 
current and voltage, from the diagram we can determine 
the type of the consumer: 

 

Fig. 2 Vector diagram according to the type of load 

IV. DIAGNOSIS METER 
ASSEMBLIES USING VECTOR 

DIAGRAM    

Depending on consumer type and possible errors in 
assembly, vector diagram can get one of the following 
forms: 
 a) Diagram obtained from a power analyzer 
CHAUVIN ARNOUX 8332 for a meter assemblies for 
an inductive consumer. It can be seen how current 
vectors on the three phases are behind voltage vectors. 

 

Fig. 3 Correct diagram of an inductive consumer 

 b) Diagram characterizing a meter assemblies with 
errors, current on phase 1 is reversed. 

 

Fig. 4 Reverse current on phase 1 

Possible causes that can lead to this anomaly are: 
- reversal of secondary circuit connections at 

current transformer on phase 1 (input/output); 
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- reversal of primary circuit connections at current 
transformer on phase 1 (input/output). 
 c) This possible case of failure is given by the lack 
of current on phase 2. 

 

Fig. 5 Missing current on phase 2 

This type of the diagram is reflected in the following 
situations: 

- secondary circuit of current transformer on phase 
2 is broken; 

- primary circuit of current transformer on phase 2 
is broken; 

- current transformer secondary terminals on phase 
2 are short circuited (because terminal S2 is connected 
to the neutral bar, secondary current will no longer go 
through the current coil of the meter but will go through 
the lower branch of resistance to the neutral bar); 

- wrong contact at the terminal block of meter at 
current circuit on phase 2 - on the tightening part of the 
wire insulation was not removed. 
 d) If the current on the phase 1 is mounted at the 
terminals of meter instead of current on phase 2, vector 
diagram will have the following shape:  

 

Fig. 6 Inverted current on phase 1 and 2 

 The main cause of this error is inversion of  
secondary current circuit on phases 1 and 2. 

 e) In case on one phase (phase 3) is missing 
voltage, in diagram representation will miss both 
current and voltage on that phase as shown below: 

 
Fig. 7 Missing voltage on phase 3 

 The most probable causes are: 
- voltage circuit is interrupted on phase 3; 
- wrong contact at voltage terminals on phase 3 - on 

the tightening part of the wire insulation was not 
removed. 

V. CHECKING THE METER 
INSTALLATION IN REMOTE MODE    

For real-time tracking of changes in meter assembly 
reflected in the vector diagram, we study the possibility 
of remote transmission of this information. 

If to a electronic meter with remote transmission we 
will modify the software and we will set to transmit not 
only consumption but also voltages, currents and phase 
angle between them, we can make a remote diagnosis 
of installation. Because the diagram drawing with 
classical method requires the existence of a human 
operator to read data transmitted, to draw the diagram 
on paper and then to interpret it, will try a software 
diagnostic solution. This is based on a program that 
draw the diagram according to data received from the 
meter. The programmer,  knowing consumer 
characteristics (inductive, capacitive, resistive, 
balanced, unbalanced, etc.), can established in software 
a certain range of variation of the diagram depending on 
the maximum variations that can occur at consumer. 
When the diagram shape changes significantly exceed 
the limits set, program will notify the user which will 
decide if necessary an inspection of the meter. 

If we take as an example the case of a symmetrical 
three-phase inductive consumer, diagram shape is as 
below: 
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Fig. 8 Symmetrical inductive three phase diagram 

Mathematical expressions for symmetrical voltage 
system are: 

 
Voltage phase angle is equally and is obtained by dividing 

the circle into three equal parts (360°/3=120°): 

 
Balanced load of the system is given by the currents 

and angles equality ( , ). 
Inductive nature is reflected in the current position 
vector located after voltage vector (should be 
considered that the rotation of voltage vectors is 
trigonometric, then counterclockwise). 

For example we consider the following: 

 
 
 

The software for diagram interpretation will 
consider the scheme in normal parameters for the 
values: 

- Voltage: 

 
 
 

Increasing voltage on one phase may cause damage 
to user receivers, and lower voltage below a certain 
value can cause abnormal functioning of consumer 
receivers.  

- Current: 

 

 

 
Currents of different values on the three phases 

leading to an unbalanced regime and the emergence of a 
negative values (-3A for example) lead to suspicion of 
an unauthorized intervention in the measurement 
scheme.  

- Phase angle: 

 

 

 
Phase angle changes are caused by changing 

consumption regime its transition from inductive to 
resistive or even capacitive load. 

At changes in voltage, current or phase angle over 
the limits set, monitoring program will send a warning 
to user. In rest of the time, computer will store and 
archive data of consumption evolution. This 
information can be accessed later by human operator to 
achieve the forecasts and possible strategies for network 
development. 

VI. CONCLUSION    

With remote transmission of data collected using an 
electronic meter and creating an customized software, 
can be monitored in real time evolution of energy 
consumption and mounting status of meter assembly. 
Knowledge of changes occurring at consumer meter 
assembly is important in terms of fraud prevention. 
Also detailed knowledge of consumer characteristics is 
important to improve power quality delivered to the 
consumer.  

The main advantage of the method is the reduction 
of errors in reading, drawing and interpretation of 
vector diagram by the human operator. Also there is no 
need for field trips for monthly readings and checks 
connection scheme. 
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