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Abstract. The impact of power quality indicators and synchronized vector measurement device errors on 

electrical mode parameter assessment is examined with using a model of a simple industrial power supply 

system. There are underestimated requirements for the accuracy of synchronized vector measuring devices 

(SVMDs) with regard to their use in technical solutions designed to control the power supply modes at 

industrial enterprises. 

1 Introduction  

As shown in [1], electricity quality (EQ) is the most 

important factor affecting the efficiency of power supply 

systems in industrial enterprises. 

The issue of increasing EQ is the most acute in 

industrial networks, to which a large number of receivers 

are connected, with asymmetrical, sharply variable and 

non-sinusoidal operation. 

Voltage deviations, oscillations, non-sinusoidality 

and asymmetry in the networks are random values and 

can lead to consequences such as: 

- the correct functioning of safety equipment and 

automation; 

- measurement errors of values characterizing the 

operating parameters of the industrial power grid; 

- disruption of technological processes. 

Connection to the power grid of receivers with non-

linear voltamper characteristics affecting EQ leads to 

interference not only in the industrial plant's power grid, 

but also in the generator buses. In order to manage the 

mode of the industrial power network, it is necessary to 

have reliable information about the voltage values at 

different points in the company's network, the current 

values in the lines and the amount of power transmitted 

via feeders. SVMDs are at present widely used to 

accomplish this task. 

2 Values of electromagnetic 
interference introduced into the 
network by industrial electrical 
receivers 

Let us consider the levels of electromagnetic interference 

(EMI) introduced into the network by the most common 

industrial electrical receivers. 

Electrical Arc furnaces (EAFs). Among electro-

technological installations, EAFs generate the highest 

levels of interference [2], of which the main ones are: 

deviations, dips and voltage fluctuations, non-sinusoidal 

and unbalanced voltage. At the same time, the greatest 

interference values are observed when the furnace is 

operating in the metal melting mode, Table 1 [2].  

Table 1. EMI limits in the buses feeding EAFs 

EAFs voltage, kV Voltage deviations, % 
Voltage 

fluctuations, % 

The total voltage  

harmonics, % 
C2U, % 

6–10 from -6 to +6 1–7 0.5–5 1–6 

35 from -5 to +5 1–6 0.7–4 0.5–5 

110 from -6 to +7 0.5–3 0.1–2 0.5–3 

 

Electro-slag refining furnaces. These furnaces have a 

quiet operation mode with a gradual reduction in current 

consumption by the end of the melting process [3]. 

Single and two-phase furnaces create voltage 

asymmetries of up to 4% in the grid. 

Welding machines in their operation create voltage 

gaps in the grid of which the magnitude depends on the 

capacity of the welding machine and the power source 

[3]. For example, embossed and spot welding machines 

create voltage dips up to 7% deep. Voltage dips of up to 

19% are created by butt and spot welding machines in 

their work. At the same time the duration of voltage dips 

for spot, embossed, multi-point and spot welding 
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machines ranges from 0.02 to 1.0sec. and for butt 

welding machines from 0.2 to 20sec. 

The value of the asymmetry coefficient in welding 

networks ranges on average from 1 to 5%. It should be 

noted that these asymmetry coefficient values are short-

lived with large pauses between them [3]. 

Table 2 shows the harmonic content in current and 

voltage generated by the various electric welding 

machines at the generator buses [3]. 

Table 2. Harmonic component values 

Harmonics numbers 

Amplitude range for current harmonics (% ) of 

the total current amplitude 

Amplitude range for voltage harmonics (%) of 

the total voltage amplitude 

Single point welding 

machines 

Multi-point welding 

machines 

Single point welding 

machines 

Multi-point welding 

machines 

2 0.3–5.0 0.1–4 0.05–1,0 0.08–0.8 

3 12–30 4–26 1–3.5 1–2.5 

4 0.2–3.0 0.08–3 0.02–0.7 0.01–0.8 

5 4–15 3–10 0.7–2 0.4–2.3 

6 0.2–0.25 0.07–2,2 0.02–0,4 0.03–0.75 

7 2–8 1,3–5 0.4–2 0.2–1.6 

8 0.2–2 0.07–1,5 0.02–0.3 0.07–1.5 

9 1–5 1.1–5 0.02–1.5 0.4–1.1 

10 0.1–1.5 0.07–1,3 0.03–0.3 0.04–0.5 

11 0.3–2.5 0.6–4 0.2–1.2 0.2–0.8 

Rolling mills. Synchronous, asynchronous and DC 

motors are used as electric drives in rolling mills. 

Rolling mills with synchronous and asynchronous 

electric drives are sources of voltage fluctuations and 

dips. Mills with current converters generate interference 

in the form of fluctuations, dips and non-sinusoidal 

voltage. Table 3 shows the limits of variation in the 

interference value generated by different types of mills 

[4]. 

Table 3. Electromagnetic disturbances caused by rolling mills with 6, 10kV 

Types of mills 
Voltage 

deviations, % 

Voltage 

fluctuations, % 

The total coefficient of voltage 

harmonics, % 

Hot-rolled sheets from -10 to +5 1–2 4–14 

Blooming, slabbing, reversing cold mills from -10 to +5 5–20 10–30 

Unreversing cold mills from -10 to +5 10–30 – 

Presses at work create voltage dips. The maximum 

range of voltage dips during press operation is 1-1.8% 

with a frequency of up to 0.2Hz. Automatic press lines 

create voltage dips up to 5% deep with a frequency of up 

to 0.17Hz.   

Conveyors, fans and compressors are sources of 

voltage dips at the moment the equipment starts up. The 

depth of voltage dips do not exceed: 1.2% for conveyors, 

3 -5% for fans, and 4-6% for compressors. 

 

3 Influence of electric energy quality 
parameters on digital processing of 
current and voltage 

The peculiarities of processing current and voltage 

signals under conditions of their sinusoidal distortions 

are well studied in scientific and technical literature [5]. 

A number of authors have proposed algorithms [5, 6, 7, 

8] that reduce the negative impact of EQ disturbances on 

the incorrect operation of digital measuring devices in 

industrial power supply systems. 

In order to build an electricity supply system that 

takes into account electromagnetic compatibility, it is 

necessary to know the nature and the level of 

interference generated by the electrical receivers that are 

part of the system. The presence of a large number of 

electronic and digital elements in smart industrial power 

supply systems that are sensitive to conductive 

interferences requires a detailed study of the effects of 

these electromagnetic interferences.  If the power supply 

system is designed without taking into account the effect 

of EQ indicators, or a new source of distortion in the 

form of an emergent non-linear load, the system may end 

up in unplanned, dangerous and even emergency modes. 

The development of existing power supply systems is 

impossible without modern monitoring systems based on 

digital measurements and processing of current and 

voltage signals. An important role in such systems will 

be assigned to SVMDs, as well as protection and control 

devices, including SVMDs. The most important 

problems associated with the organization of 

synchronized measurements in industrial power supply 

systems are related to their topology: shorter feeder 

lengths; buses located at short distances from each other 

and causing small angular differences in the 

measurement of current and voltage complexes; higher 

harmonic content; wider ranges of negative impact of 
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frequency deviations caused by emergency events in 

industrial power supply areas. 

4 Requirements for digital processing 
of current and voltage signals in 
intelligent industrial power supply 
systems 

Many protection and control devices with integrated 

SVMDs capabilities may have errors in the evaluation of 

currents and voltages in transient modes, especially 

under conditions of deviations in industrial frequency [5, 

6]. 

The deviation of current and voltage signal 

parameters has a number of limitations [9], which are 

normalised for SVMDs in standards [10] by setting 

permissible errors. According to [10], the main accuracy 

indicators of synchronised vector measurements are: 

Total Vector Error (TVE - Total Vector Error), 

Frequency Error (FE - Frequency Error) and Speed 

Error. 

TVE determines the error between the theoretical 

value of the complex current or voltage vector and its 

measured value as a percentage. However, it must be 

stated that TVE is a reliable tool only in stationary 

modes and does not meet the requirements for accuracy 

of measurements in transient modes, especially 

considering the requirements of TVE in industrial power 

supply systems. Thus,  calculating TVE can serve as a 

comprehensive indicator for calculation accuracy in 

regards of current and voltage parameters, It can also be 

used to assess the modes of intelligent power supply 

systems. 

TVE includes three sources of interdependent errors: 

amplitude, phase angle and synchronization error in the 

time of instantaneous discrete values. The total allowable 

change range for TVE must be within 1%. If only one of 

the above error sources is selected, 1% TVE can be 

obtained with amplitude error ±1%; phase angle error 

±0.573° or synchronisation time error ±31μs for 50Hz 

[10]. 

5 Influence of SPMD errors on power 
transmission parameters 

Let's look at the simplest diagram (Figure 1) explaining 

the relationship between the supply voltage U1 and the 

consumer load U2. Figure 1 shows examples of radial (a) 

and main (b) power supply schemes for industrial 

consumers. In the case of Figure 1a points 1 and 2 (the 

SVMD installation sites) are located in 10kV buses of 

the main step-down substation and 10kV buses of the 

shop step-down substation. In the case of Figure 1b, 

points 1 and 2 are located in 10kV buses in the TS1 and 

TS2 shop substations. 

In Figure 1 P1 and Q1 the active and reactive power 

measured in the generator buses; P2 and Q2 represent the 

active and reactive power flows in the load buses; Z is 

the complex impedance of the electric-power 

transmission line; U̇1 и İ1 - the complex voltage and 

positive-sequence current in the generator buses; U̇2 и İ2 

- the complex voltage and positive-sequence current in 

the load buses; 1 and 2 – the locations of installation of 

SVMDs. 
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Fig. 1. An example for assessing the accuracy of power transmission measurements for radial (a) and main (b) power supply 

schemes, (c) replacement scheme (TS - transformer substation; PS - power system). 

Let us assess the impact of TVE related to voltage 

measurements on the power flow. The following 

correlation is characteristic of the model (Figure 1) 

U̇1=U̇2+Z∙İ2,       (1) 

therefore, the equation for the current in the load buses is 

as follows: 

İ2=(U̇1-U̇2)/Z. 

When presenting the current İ2 in polar coordinates, 

we receive 

İ2=(|U̇1|∙e
jφ1-|U̇2|∙e

jφ2)/|Z|∙ejα, 

İ2=(|U̇1|/|Z|)∙ej(φ1-α)-(|U̇2|/|Z|)∙ej(φ2-α). 

The total power transmitted in the load buses is as 

follows: 

E3S Web of Conferences 216, 01068 (2020)
RSES 2020

https://doi.org/10.1051/e3sconf/202021601068

3



 

S2=P2+jQ
2
=U̇2∙İ2

∗
, 

S2=(|U̇1||U̇2|/|Z|)ej(α-φ1+φ2)-(|U̇2|
2
/|Z|)∙ejα. 

Introducing the variable characterizing the difference 

in voltage angles β=φ1-φ2, we come to the expressions 

of active and reactive powers in the form of 

P2=(|U̇1||U̇2|/|Z|) ∙cos (α-β) -(|U̇2|
2
/|Z|) ∙cos α ,    (2) 

Q
2
=(|U̇1||U̇2|/|Z|) ∙sin (α-β) -(|U̇2|

2
/|Z|) ∙sin α .    (3) 

Assuming that the resistance Z is constant and fully 

consistent with the  transmission line parameters, and 

that the amplitude and phase values of voltage can vary 

within an error of 1% TVE, the equations (2), (3) can be 

used to estimate the accuracy of active and reactive 

power measurements. 

 

 

    
(а) 

 

   
(b) 

 

Fig. 2. Error calculation results in determining the active and reactive power transmitted to the receiver by CLs in the event of an 

error in the estimation of the voltage amplitude under the conditions of voltage distortion: a) with CLs of 1.0km. length; b) with CLs 

of 1.5km. length. 

6 An example of calculating estimation 
errors for active and reactive power 
parameters 

In order to analyze the adequacy of measurements, let us 

assume that the measurements are carried out under 

normal conditions, which are not extreme, in terms of 

generating a maximum level of interference (e.g. Tables 

1-3). Under conditions of absolute measurement 

accuracy conducted by SVMDs, we believe that the TVE 

in a voltage amplitude measurement is 1% and is caused 

by electromagnetic interference. 

For the analysis by expressions (2) and (3) we will 

consider the option of feeding receivers with a cable line 

(CL) of 10kV and a cross section of 70mm2. We will 

take the resistivity of 10kV CLs (Figure 1) equal to 

0.443+j0.086Ohm/km (corresponding to the ratio 

X/R=0.194). In general, we have a three-phase 10kV 

transmission line with a maximum transmission capacity 

of 1300kVA. Suppose the load capacity of the electric-

power transmission line is 1086.0kVA 

(1000.0kW+j422.98kvar, which gives a power factor of 

0.92). 

To solve this problem, the complex voltage in the 

load bus were set at 0.9950ej0o.e. In order to transmit the 

given power flow period, the complex voltage in the 

generator buses were 0.9998e-j0.058o.e. Due to the fact 

that SVMDs are located at different ends of the 

transmission line, their measurements (including TVE) 

are independent, so SVMD errors caused by the 

reduction of SVMDs are not mutually correlated with 
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errors of other sources. Let us assess the potential errors 

of SVMDs that meet the requirements of 1% of TVE, 

but meet different conditions. 

Let us assume that there is no phase angle error in 

voltage measurements, and the 1% TVE error is related 

only to the amplitude estimates generated by each 

SVMD. Thus, the amplitude of voltages can vary within 

the range of 0.9998±(0.01·0.9998)o.e. and 

0.9950±(0.01·0.9950)o.e. in the generator buses and the 

load ones respectively. 

The results of the error calculations performed to 

determine the active power and the reactive power 

delivered to the recivers via CLs 1.0km long are shown 

in Figure 2a. For CLs of 1.5km length, the results are 

shown in Figure 2b. 

Calculations using expressions (2) and (3) show that 

the maximum error in the calculation of the active power 

and the reactive power exceeds 100% and there is a trend 

towards an increase in the error calculation when the 

feed line is short. In addition, the values of negative 

active power and reactive power have been identified, 

which can be described as the changes in power flow 

direction, the presence of capacitive load, or voltage 

regulator based on a shunt capacitor. However, none of 

these conditions correspond to the current scheme-mode 

conditions. 

For these options, the largest errors were found when 

the voltages in the generation buses and the load ones are 

+1% and -1% TVE respectively. 

A similar amalysis was carried out by assuming a 1% 

TVE phase error. The condition was accepted that the 

amplitude estimates do not have errors. The phase angle 

deviations in the generator and load buses are within 

(-0.0580°±0.5730°) and (00.0°±0.5730°) respectively. 

The results of the error calculations in determining 

the active power and the reactive power transmitted to 

receivers via CLs of 1.0km and 1.5km length are shown 

in Figure 3a,b respectively. 

The active and reactive power error calculations have 

demonstrated their essential value which has been more 

than 50% for the active power and more than 600% for 

the reactive power. Moreover, the highest values were 

found when the error of the phase angle in the SVMD 

voltage in the generator buses was close to +1% TVE but 

on another SVMD was close to -1%. 

Similarly, dependencies were formed when 

considering the option of feeding the load with a 10kV 

overhead power line (OL) 1.5km and 1.0km long. For 

the option of measuring the amplitude of the complex 

voltage, the maximum error in determining the active 

power and the reactive power was ±97% and ±61% for 

1.5km of overhead power lines (±145% and ±92% for 

1.0km of overhead power lines). For the option of the 

phase angle deviation measurement error, the maximum 

error in determining the active power and the reactive 

power was ±59% and ±65% respectively for 1.5km of 

overhead lines (±88% and ±1025% for 1.0km of 

overhead lines). 

 

  
(а) 

 

  
(b) 

 

Fig. 3. Error calculation results in determining the active and reactive power transmitted to the customer via the CLs in the event of 

phase error in voltage distortion: a) with CLs of 1.0km length; b) with CLs of 1.5km length..
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From the calculations presented, it becomes clear that 

the shorter the length of the feeders, the higher the power 

flow calculation error, and the 1% TVE error does not 

meet the requirements of intelligent power supply 

systems. 

It should be noted that taking into account the 

possibilities of managing modes in industrial power 

districts with distributed generation [11], the results of 

the simulation showed that it is necessary to increase the 

accuracy of SPMD to 0.1% of TVE. 

Conclusions 

The organization of regime management in modern 

intelligent industrial power supply systems requires the 

acquisition and collection of data at various points in the 

power network using synchronized vector measurements 

and digital processing of current and voltage signals. 

The analysis of errors in measuring voltage 

parameters indicates that the requirements of existing 

standards for synchronized vector measurements do not 

meet the requirements of the existing standards for the 

assessment of the modes of operation of industrial power 

supply systems under conditions of electromagnetic 

interference. 
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