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Abstrac t-The harmonic active power is a useful power quality quantity. For example it is used in many algorithms for 
the detection of the harmonic source in a complex electrical network. The highest uncertainties in such kind of 
measurements are introduced by the transducers. In the paper is presented an experimental analysis of the effects of 
current transformer in the measurement of harmonic power. It is concluded that large phase angle errors can cause as 
larger errors as the phase shift between harmonic voltage and harmonic current get close to ±90. Moreover if such 
measurements are used to determine the power flow direction, i.e., if a load or consumer pollutes or is polluted, even 
high accuracy class CTs may yield unsatisfactory results.  
 

I. Introduction 
 
The modern standards on electrical measurements under distorted conditions, [1], introduce new definitions of 
harmonic active and “non active” powers. The measurement of these quantities are necessary to evaluate the harmonic-
distortion levels in a defined metering section. The key concept of the new definitions is the separation of the 
fundamental components of voltages and currents from all other components. This allows one to evaluate the 
performance of a correct measurement of the traditional billing quantities (active, reactive, and apparent powers and 
power factor). The remaining components of the apparent power can be used to assess the harmonic pollution level at 
the metering section. One of the defined quantity, which is able to detect the harmonic source, is the harmonic active 
power Ph, whose value is positive or negative when the harmonic content is due to the network or the load, respectively 
[2].  
The harmonic active power is not easily measurable because usually it is very small if compared to the fundamental 
power. In medium and low voltage network the impedances of the lines and of the most common loads are usually 
resistive-inductive. Thus by increasing the frequency the Thevenin equivalent resistance at the metering section become 
negligible in respect of the reactance. Therefore the phase shift between harmonic voltage and current can be close to   
± 90°. A particular attention should be put on the choice of the measurement instrumentation to be used [3]. First of all 
the Ph should be measured directly [4] and not from the difference Ph = P–P1 [1]. Moreover the power meter has to be 
able to measure harmonic active power with small power factor. Finally it should be taken into account the errors 
introduced by the voltage and current transducers. Most of the time this last point is the most important measurement 
problem. In this paper the attention has been focused on the presence of current transducer. In particular, it was 
analysed the influence of current transformers, CTs, which are the most widely used current transducers. The results of 
an experimental analysis of the effects of CT errors in the measure of harmonic power will be presented and discussed. 
 

II. Experimental test system 
 
The harmonic active power, according to the definition given in [1], is: 

Pph=Vh Iph cos(β h- αph )= Vh Iph cosθ h      (1) 

where: Vh and β h are the rms amplitude and the phase angle of the h-order harmonic voltage; Iph and αph are the rms 
amplitude and the phase angle of the h-order harmonic primary current; θ h is the phase shift between h-order harmonic 
of current and voltage. 
When a current transformer is used the measured current will be affected by an amplitude and a phase angle error. To 
characterize the measurement errors for each harmonic of a CT, two basics index can be used [5]: 

1. the h-order harmonic ratio error: 
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where: k=Ipn / Isn is the rated  transformation ratio (Isn and Ipn are the secondary and primary rated current, respectively); 
Ish is the rms value of the secondary h-order harmonic current; 

2. the h-order harmonic phase angle error: 

    phshh ααε −=   [rad]      (3) 

where: αsh is the secondary current phase angle. 
Thus when the CT is connected between the power meter and the measurement point the harmonic power measured by 
the instrument will be: 

Psh=Vh kIsh cos(β h- αsh )= Vh 
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The error of the harmonic power, by considering (1), (4), can be expressed as: 
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In this expression it was assumed that for practical situations eh and are close to zero [6].  
As said before the phase shift θ h can be close to ±90°and then, according to expression (5), the error EPh% can reach 
higher values as larger is εh.  
 

III. Experimental results 
 
A series of tests have been settled up on a CT whose rated values are reported in Table 1. The test bench used to 
measure EPh%, eh% and ε h is shown in Fig. 1. 
The voltage and the primary current were generated by a reference calibrator, whose accuracy specifications are 
available in [7], and acquired by a DAQ PCMCIA card with a 16 bits A/D converter and a maximum sampling rate of 
200 kS/s (single-channel). By means of LabVIEW software, a PC-based instrument was realized: it performs a 
frequency analysis of the acquired signals in order to evaluate the harmonic power, ratio and phase angle errors. To 
acquire the currents were used two 0.1 Ω non inductive shunts, Rsp for the primary current and Rss for the secondary 
current. The secondary burden, Zb=Rb+jωLb, is a standard burden for current transformers, according to IEC 60044-1. 
The calibrator was settled up to generate a voltage with a rms value of 1 V, which was directly acquired by the PC-
based instrument. Since the acquisition card has only one A/D converter and a multiplexer, the interchannel delay was 
corrected. To verify the accuracy of the acquisition system several tests were performed comparing the values of Pph 
measured by the PC-based instrument with the values of Phcalibr. declared by the calibrator. In these tests the errors EPh% 
were always below 1/10 of the errors obtained in the tests with the CT.  

Channel 1 Channel 2
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Vchannel I channel

Fig. 1: Test bench used to measure EPh%, eh% and h.     
The calibrator was settled up to generate a voltage and a current composed from a fundamental, with amplitude 
respectively of 1 V and 10 A and frequency f=50 Hz, and a harmonic, with an amplitude equal to 10% of the 
fundamental. The phase angles were settled up at αp1= β1=βh=0°, only αph was varied from -100° to -80° and from 80° 
to 100° in order to focus the attention on θ h close to ±90°. 
The harmonic power errors, EPh%, for 2nd, 3rd, 5th and 7th harmonic are shown in Fig. 2: in every graph are reported the 
results for four different tests, one for each harmonic. As can be seen for some harmonics the error EPh% is larger than 
10% even for θ h = ±80° or ±100°. Moreover as expected, the error strongly increases when θ h gets close to ±90°. The 

Table 1: Current transformer nominal data. 

 CT1 
(400 V) 

Kn=Ipn/Isn 10/5 A/A 
Standard burden. 10 VA 
Class 1 
Frequency 50 Hz 
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phase angle errors measured in the same conditions are shown in Fig 3. Comparing Fig .2 and 3 an exact 
correspondence can be found by means of the expression (5). For example for 80°<θ h<90° the phase angle errors are 
negative and so are the harmonic power errors, because tan(θ h)>0. Moreover as higher is the absolute value of phase 
angle error as higher is the harmonic power error. In the example for 80°<θ h<90° the smallest phase angle errors was 
found for the 2nd harmonic and so also was found for power harmonic errors; the biggest errors instead were found for 
the 3rd harmonic. 
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Figure 2: Harmonic active power errors for θ h close to ±90°. 
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Figure 3: Harmonic phase angle errors. 

 
Another important conclusion can be observed from Fig. 4, where the third harmonic power (P3) is shown. For -
90°<θ h<-89° it can be seen that the harmonic power generated, Pph, was positive and, due to the phase angle errors, the 
harmonic power measured, Psh , is negative. If the sign of the Ph was used for the detection of the source of harmonic 
distortion, a misleading indication would be obtained because the load absorbs harmonic power. Moreover Fig. 4 shows 
how the values of Pph are almost equals to the values declared by the calibrator Ph calibr. thus confirming the negligible 
influence of the acquisition system on the evaluation of the  harmonic power, ratio and phase angle errors. 
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Fig. 4: Harmonic active power measured when the current and the voltage was composed of the fundamental and the 

third harmonic. For -90°<θ h<-89° the sign of Psh is the opposite of Pph. 
 

II. Conclusions 
 
The current transformer can introduce large uncertainties on the measure of harmonic active power. This was proved in 
the paper with some experimental test on a current transformer. The errors introduced are as higher as the phase shift 
between harmonic voltage and current get close to ±90°. The harmonic active power errors depend mainly on the CT 
harmonic phase angle errors. When these errors are too large the Ph measured can have opposite sign of the Ph 
generated. If the sign of the Ph was used for the detection of the source of harmonic distortion, a misleading indication 
would be obtained indicating that a load absorbs harmonic power when in reality generates or vice versa.  
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