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The possibility for evaluation of the quality of electrical energy for the purpose of calibration of ana-

lyzers is considered by using a periodic square-wave pulse signal instead of the traditionally used har-
monic signals. The square-wave pulse signal is represented in Fourier series, as each harmonic component 
is a function of the amplitude and the impulse signal duty ratio. A metrological analysis of the correction of 
the generated by the standard calibrator values of total harmonic distortion has been performed. 
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Някои особености и възможности при калибриране на анализатори на електрическа 
енергия по коефициент на нелинейни изкривявания (Пламен М. Цветков, Красимир С. Гълъбов, 
Иван Н. Коджабашев). За целите на калибрирането на анализатори за оценка на качеството на 
електрическата енергия се разглежда възможността да се използва периодичен правоъгълен 
импулсен сигнал вместо традиционно използваните хармонични сигнали. Правоъгълният импулсен 
сигнал се представя в ред на Фурие, като всяка негова хармонична съставка се явява функция на 
амплитудата и коефициента на запълване на импулсния сигнал. Направен е метрологичен анализ 
на поправката на генерираните от еталонния калибратор стойности на коефициента на 
нелинейни изкривявания  

Ключови думи: анализатор на електрическа енергия, калибриране, коефициента на 
нелинейни изкривявания. 

 

Introduction 
Electricity analyzers are the measurement devices 

that provide an adequate assessment of the quality of 
the electrical energy. These measuring instruments 
measure the values of more than ten electrical quanti-
ties and parameters of the electrical energy, process 
the collected measurement information and provide a 
quality estimate according to the established norma-
tive basis. 

The development of the technique and technology 
in economies, related to the creation and use of devic-
es and facilities, sensitive to the described disturb-
ances of the electricity network, requires adequate 
maintenance and traceability of the metrological char-
acteristics of the power analyzers. This is achieved by 
calibrating of these devices with respect to the rele-
vant quantities and parameters. 

Calibration by total harmonics distortion 
(THD) and mathematical model 

In calibrating of the electrical energy analyzer, re-
ferred further as the analyzer, the method of comparison 
of the measuring instrument with the traceable standard 
(reference calibrator, shortly - a calibrator), correspond-
ing to the requirements of the traceability chain, accord-
ing to the block diagram of Fig.1 is applied.  

Calibrator Analyzer of 
electric power 

 
Fig.1. Scheme of calibration. 

The calibration process determines the actual val-
ues of the corresponding total harmonic distortion of 
voltage or current. In the calibration the relationship 
between the reading of the analyzer and the realized 
by the calibrator total harmonic distortion voltage or 
current is established.  

The mathematical model for the estimate of the ac-
tual effective value of the voltage THD, according to 
[1] is the following: 

(1)     , , , , .U act U cal U et U res calTHD THD THD THD= − δ + δ , 

where: 

• ,U calTHD  - is the measured effective value of 
the THD voltage obtained by the calibrated ana-
lyzer, using in repeated measurements the esti-

mate , , ,
1

1 k

U cal U cal i
i

THD THD
k =

=  , determined as 

an average value of the individual observations 
(measurements) , ,n cal iU  
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• k  - is the number of measurements usually se-
lected 10k ≥  

• i  - is the measurement index 
• , .U res calTHDδ - is the correction of the measured 

value of the THD voltage, due to the resolution 
of the calibrated analyzer 

,U etTHDδ - is the correction of the set by the 
calibrator harmonic voltage, which is generally 
due to different reasons such as: 

− , .U s etTHDδ - a deviation of the set (generated) 
value of the calibrator due to combined effects 
by offsets, non-linearity, and other instrumental 
and methodic imperfections of the calibrator. 
This deviation can be determined from the cali-
brator technical documentation (while the cali-
brator is not calibrated) or from its calibration 
certificate as a correction of the calibration 
point ; 

− , .U dr etTHDδ - a drift of the generated by the cal-
ibrator value, compared to the calibrator's last 
calibration (a drift since its last calibration) 

− , .U t etTHDδ - a deviation of the calibrator value 
as a result from a change in the environment 
temperature; 

− , .U l etTHDδ - a deviation of the calibrator value 
due to changes in the supply voltage; 

− , .U z etTHDδ - a deviation of the calibrator as a re-
sult from the energy exchange of the calibrator 
due to the input impedance of the calibrated an-
alyzer. 

In calibration of a particular analyzer only these 
components should be considered which have the 
most significant contribution to the correction 

,U etTHDδ . 
The deviation of the calibrator set point value of 

the total harmonic distortion by voltage of the calibra-
tor , .U s etTHDδ  is determined by the relationship 

(2) , . ,U s et THDu et UTHD THDδ = δ ,  
where: 

- UTHD  is the effective value of the THD by 
voltage set by the calibrator, 

- ,THDu etδ is the relative error of the calibrator. 
Similarly, the mathematical model for estimating 

of the actual effective value current total harmonic 
distortion according to [1] has the form: 
(3)     , , , , .I act I cal I et I res calTHD THD THD THD= − δ + δ  , 
where the individual components for the harmonic 

currents in the expression are analogous to the com-
ponents of THD voltages in (1). 

In calibration of the analyzer using a voltage THD 
by the help of the calibrator, the nominal effective 
voltage value of the main (first) harmonic 

1 230nomU V=  and an effective value for the corre-
sponding (relevant) total harmonic distortion, for 
which the analyzer is calibrated, are set. This ap-
proach can be applied only if the calibrator has the 
ability to generate a periodic signal, which is the sum 
of two or more harmonic signals, one of which is the 
voltage of the main (first) harmonic with a frequen-
cy 50f Hz= . If the calibrator does not have such a 
possibility, in the calibration of the analyzer it is sug-
gested to use a periodic squarewave bipolar signal. 

The calibration of the analyzer of the electric pow-
er based on a current total harmonic distortion is anal-
ogous to the calibration of voltage THD. The only 
difference is the use of relationship (3) instead of (1), 
therefore, the present paper considers only the pro-
cess, the features and the possibilities for calibration 
of the total harmonic distortions by voltage. 

Calibration of total harmonic distortion using a 
periodic squarewave bipolar signal 

The periodic squarewave pulse signal is one of the 
most common reference signals. In Figure 2 the shape 
of a periodic squarewave bipolar pulse signal (volt-
age) ( )u t  is shown.  

T

τ

t

mU

mU−

( )u t

 
Fig.2. Timing diagram of periodic bipolar  

squarewave signal. 

It is described by the expression: 

(4) ( ) 0,
,

m

m

U t
u t

U t T
+ ∈ τ

= − ∈τ
 

where: 
- mU  is the amplitude of the impulse, 
- τ  - is the duration of impulse, 
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- T  - is the period of the pulse signal 
An important parameter of the periodic pulse sig-

nal is its duty cycle μ , which depends on the duration 
of the impulse and the period of the pulse signal and is 

determined by the expression 
T
τμ = . 

By applying the decomposition of the periodic bi-
polar squarewave signal in Fourier series [2], [3] 
according to (4), the following expression is obtained: 

(5)  
( )

( )
1

( ) 2 0,5

sin4 2cos

m

m

n

x t U

nU n t
n T

∞

=

= μ − +

πμ π +  π  


, 

and the total harmonic distortion according to [4] is 
the following: 

(6) 
2

2
(1 ) 1

2sin ( )UTHD μ − μ π= −
πμ

, за 0 1< μ < , 

From equation (6) it is seen that the only parame-
ter, which affects the coefficient of non-linear distor-
tion of the spectrum of the periodic squarewave pulse 
signal is its duty cycle μ . Graphically this relation is 
represented in Figure 3. Thus, for calibrating the ana-
lyzer by total harmonic distortion values for the duty 
cycle μ  can be set. 

Analysis of error in calibration using total har-
monic distortions by voltage, through setting duty 
cycle by periodic squarewave pulse signal 

In this case, it is interesting to study the influence 
of the error with which a duty cycle is set μ  on the 
error setting of the total harmonic distortion THD . To 

determine this influence it is necessary to find the 
sensitivity using equation (6). By definition it is  

(7) U
THDu

dTHDS
d

=
μ

,  

After differentiating (6) with respect to the variable 
μ  the following expression is obtained 
(8) 

( ) ( ) ( ) ( ) ( )
( )

( ) ( )

2 2 3
2 2 3

2
2

cos1 1 1 11 1
2 2sin sin sin

1 12 1 1
2 sin

THDuS

πμ
π −μ − π μ −π −μ μ

πμ πμ πμ
=

 
− + π −μ μ 

πμ  
 The relative error of the calibrator, determined from 
(7), is U THDudTHD S d= μ and hence the relative error 
of the calibrator is 

(9) ,
U THDu THDu

THDu et
U U U

dTHD S Sd а
THD THD THD μ μ μ

μ
δ = = μ = δ = δ  

where аμ  is the coefficient of influence of the rela-
tive error of the duty cycle μ . 

In this case, it is interesting to study the influence 

factor function ( ) THDu

U

Sа а
THDμ μ

μ
= μ =  for 0 1< μ < , 

which is graphically represented in Fig. 4. It is seen 
that the range of the variation of the duty cycle 
0 0,5< μ <  ensures a smaller value of the relative 
error and it is preferable to range in 0,5 1< μ < . This 
should be taken into account when realizing a value of 
the amplitude of a particular total harmonic distortion. 

Using the expression (9) and the relationship (2) it 
is obtained 

 

0

0,5

1

1,5

2

2,5

0,
10

0,
13

0,
16

0,
19

0,
22

0,
25

0,
28

0,
31

0,
34

0,
37

0,
40

0,
43

0,
46

0,
49

0,
52

0,
55

0,
58

0,
61

0,
64

0,
67

0,
70

0,
73

0,
76

0,
79

0,
82

0,
85

0,
88

𝜇 

𝑇𝐻𝐷  

 
Fig.3. Graphical relation of ( )UTHD f= μ . 
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(10) , . ,U s et THDu et U U THDuTHD THD а THD Sμ μ μδ = δ = δ = μδ  

Conclusions 
1. The method for calibration by THD using a 

periodic bipolar squarewave signal is appropriate 
when the reference calibrator cannot generate two or 
more THD signals. 

2. The only parameter, which determines the er-
ror of setting the THD is the duty cycle μ . 

3. The values of the harmonic voltages nU  in-
cluding the main (first) harmonic 1U  do not affect the 
error of THD. 

4. The values of the duty cycle μ  should be in 
the range of 0 to 0,5 in order to ensure operation in the 
range of the smaller values of the influence factor 
аμ of the relative error of the duty cycle. 

5. The values of the amplitude of the squarewave 
impulse mU  and the duty cycle μ  of the periodic 
bipolar squarewave signal should be chosen to ensure 
both: nominal value of the main harmonic and a spe-
cific value of THD for which the analyzer is calibrat-
ed. This is not always possible because the amplitude 
of the set periodic squarewave pulse signal is limited. 
Then these two parameters are chosen to realize the 
desired effective value of the THD at the greatest pos-
sible value of the main harmonic. 
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Fig.4. Graphical relation of ( )а fμ = μ  
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