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ABSTRACT 

Voltage dip is one of the power quality (PQ) problems 

that is causing major financial losses to industrial and 

commercial customers. To improve the quality of the 

network and to provide a supply voltage of sufficient 

quality, PQ monitors have been installed in the HV and 

MV networks. As the end-users are usually connected to 

the MV networks through Dyn transformers, measuring 

and then reporting dips based on the phase-to-ground 

measurement could result in unreliable information. In 

this paper, the transfer of voltage dips from the HV to the 

MV network, and then to the LV network is studied first. 

For phase voltage (field) measurements, improved ways 

of reporting dips are discussed. Then, better approaches 

of measuring and reporting dips are discussed, which 

bring a number of merits for the DSOs. The most 

appropriate measurement approaches are then proposed 

for monitoring dips in the HV and MV networks. 

INTRODUCTION 

Voltage dip is one of the PQ problems which is causing 
major financial losses and inconveniences to industrial 
and commercial customers [1]-[4]. This phenomenon is 
defined as the temporary reduction of the rms voltage 
below a specified start threshold followed by its quick 
recovery [5]. Voltage dip can be caused by the temporary 
rise of current during re-connection of big transformers 
and/or heavy loads (e.g. motors) at the customers’ 
installations, but mostly by short-circuit faults which 
occur mainly in the HV- and MV networks [6], [7]. 
Customers are highly interested in high quality of the 
supply as their processes are directly affected by the 
disturbances in the networks. Besides, there is an interest 
from the regulatory bodies to set a limit for voltage dips. 
In order to provide supply voltage with sufficient quality, 
it is important that the grid operators measure more data 
continuously for long periods; know more about the 
quality of the supply voltage and get insight into the 
performance of the customers’ equipment; and report the 
quality to the users. In the Dutch HV- and MV networks 
PQ monitors have been introduced and installed since 
2006/07 [2], [8]; and more monitors will be installed in 
2015 for dip measurements in the MV-networks. 
 
The issue of measurement is one of the important 
challenges for the monitoring and regulation of voltage 
dips. The PQ monitors that are installed in the HV and 
MV networks are meant to measure phase-to-ground (or 
phase-to-neutral) voltages; and then phase voltage dips 
are directly reported [8]-[10]. However, there is a critical 

difference between measured dips and their impacts to 
the end-users. There is substantial literature on the 
characteristics of different types of voltage dips [10]-[14]. 
Different methods of reporting voltage dip indices in 
terms of a two-dimension (magnitude and duration) 
characterization are discussed in [15], [16]. Representing 
voltage dips of different characteristics at a POC [17] in 
the same way and by only two-dimensions makes the 
reporting even less trustworthy. 
 
The measured data recorded by the monitoring devices 
which are installed at the most optimal locations of the 
HV- and MV [18] networks are far away from the 
terminals where the sensitive equipment are connected. 
Moreover, the propagation of voltage dips from the 
networks of high voltage-levels to the end-users is highly 
influenced by the types of HV/MV and MV/LV 
transformers [14], [19], [20]. In the Netherlands, the end-
users are usually connected to the MV networks through 
Dyn transformers; and they are hardly affected by phase 
voltage dips in the MV networks. Hence, reporting phase 
dips of monitors in the HV- and MV networks can result 
in misleading conclusions. It is also hardly possible to 
distinguish the contributions of the HV- and MV 
networks to the overall voltage dips at the distribution 
network affecting the end-users. Additionally, it is 
difficult for the grid operators to identify the weakest 
part(s) of the network in order to improve the quality of 
the supply voltage and the performance for the end-users. 
 
This paper firstly discusses the transfer of voltage dips 
from the HV to the MV, and then to the LV network. It 
relates the propagation of dips and the characteristics of 
voltages that affect the performance for the end-users. 
Improved ways of reporting dips are discussed and 
recommended for monitors which are meant to measure 
phase voltage dips. Besides that the paper concentrates on 
other approaches of measuring and reporting dips which 
can bring a number of merits for the DSOs. The merits 
and demerits of the different approaches are compared; 
and then the most appropriate approach is proposed for 
monitoring dips in the HV and MV networks. 

METHODLOGY 

The results presented in this paper are based on computer 

simulations and filed measurements. 

Computer Simulations 

To understand how dips are transferred from a HV to a 

LV network and to choose appropriate data of monitors 

for the HV and MV networks, an electrical system whose 

simplified network is shown in Figure 1 is modelled 

using DIgSILENT PowerFactory. 
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Figure 1: Simplified schematic for monitoring and transfer of dips 

 

As it can be seen in Figure 1, MV networks can be 

connected to the HV networks through YNyn or YNd 

transformers; whereas end-users at LV level are mostly 

connected to the MV network through Dyn transformers. 

Single phase-to-ground (LG), double phase-to-ground 

(LLG), phase-to-phase (LL) and three phase (3L) faults 

are considered in the HV network; and the transfer of the 

dips through different types of transformers to the MV 

and LV networks are studied with the help of simulation 

results. To select the most appropriate measurements of 

monitors, three scenarios are discussed in this paper. 

 

Scenario I 

This is the case when all MV substations that are 

connected to the same HV monitoring point are star/delta 

substations (i.e. all DSOs connected to a TSO are with 

YNd transformers). The transfer of dips with this 

situation are explained in the Results and Discussion 

section; and the contribution of the MV network to the 

line dips at the monitoring point can be obtained using: 

MV MV HVLD TLD PD 
                          (1) 

where LDMV, TLDMV and PDHV in (1) are the line dips 

originating only from the MV network, total line dips 

monitored in the MV network, and phase dips monitored 

in the HV network respectively. 

Scenario II 

In contrast with scenario I, only star/star substations are 

assumed, with this scenario, to be connected to the same 

HV measurement point (i.e. all DSOs connected to a TSO 

are with YNyn transformers). The transfers of dips with 

this type of configuration are explained in the Results and 

Discussion section; and the contribution of the MV 

network to the line voltage dips at the monitoring point 

can be estimated by: 

MV MV HVLD TLD LD 
                         (2) 

Scenario III 

This case takes into an account that a combination of 

star/delta and star/star substations could possibly be 

connected to the same HV monitoring point (i.e. DSOs 

connected to a TSO could be with YNd and YNyn 

transformers). The transfer of dips to the end-users can be 

as in Scenario I or Scenario II; and the contribution of the 

MV network to the line voltage dips at the monitoring 

point of the MV network can be estimated as: 

,
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Filed Measurements 

In this paper, a four-year field measurement data set is 

used for reporting voltage dips in different ways. The 

data set is from a monitor that is installed at one of the 

10kV networks in the Netherlands; and its simplified 

schematic is shown in Figure 2. 
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Figure 2: Simplified schematic for a10kV (Nijkerk) network 

 

Figure 2 shows that measurements are taken from the 

main substation, which is the most appropriate location 

for monitoring dips [18]. The data set of the PQ monitor 

includes a four-year measurement of phase voltage dips 

originating from the HV and MV networks. 

RESULTS AND DISCUSSION 

In this section the transfer of dips, different approaches of 

measuring and reporting voltage dips and their 

consequences are discussed with the help of simulation 

results and field measurement data. 

Transfer of Voltage Dips to End-users 

Figure 3 and Figure 4 demonstrate the transfer of two-

phase and single-phase dips in the HV network to the MV 

network through YNyn and YNd transformers, and then 

to the LV network through a Dyn transformer. Table I 

and Table II show the general insight into the transfer of 

dips, because of different faults, to the end-users. 

 

As it can be seen in Figure 3 and Table I, the phase dips 

(Ua, Ub, Uc) and line dips (Uab, Ubc, Uca) in the HV 

network are transferred to the corresponding phase and 

line dips in the MV network through a YNyn transformer. 

Then, line dips in the MV network are transferred to 

phase dips in the LV network through a Dyn transformer.  
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Figure 3: Propagation of dips due to two phase-to-ground faults in the HV network through YNyn and Dyn transformers - (a) phase voltages at HV, 
(b) line voltages at HV, (c) phase voltages at MV, (d) line voltages at MV, (e) phase voltages at LV, (f) line voltages at LV 
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Figure 4: Propagation of dips due to single phase-to-ground faults in the HV network through YNd and Dyn transformers - (a) phase voltages at HV, 
(b) line voltages at HV, (c) phase voltages at MV, (d) line voltages at MV, (e) phase voltages at LV, (f) line voltages at LV 
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Table I: Transfer of different types of dips through YNyn and Dyn 
transformers 

Fault           Monitor at HV          Monitor at MV  POC at LV

at HV V a V b V c V ab V bc V ca V a V b V c V ab V bc V ca V a V b V c

LG 0.5 1.2 1.2 0.9 1.1 0.9 0.5 1.2 1.2 0.9 1.1 0.9 0.9 1.1 0.9

LL 1.1 0.7 0.6 1 0.4 0.9 1.1 0.7 0.6 1 0.4 0.9 1 0.4 0.9

LLG 1.3 0.4 0.4 0.9 0.4 0.9 1.3 0.4 0.4 0.9 0.4 0.9 0.9 0.4 0.9

3L 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

 

Table II: Transfer of different types of voltage dips through YNd and 
Dyn transformers 

Fault           Monitor at HV          Monitor at MV  POC at LV

at HV V a V b V c V ab V bc V ca V a V b V c V ab V bc V ca V a V b V c

LG 0.5 1.1 1.1 0.8 1.1 0.9 0.8 1.1 0.9 1 1 0.8 1 1 0.8

LL 1.1 0.7 0.6 1 0.4 0.9 1 0.4 0.9 0.7 0.6 1.1 0.7 0.6 1.1

LLG 1.1 0.5 0.4 0.9 0.4 0.8 0.9 0.4 0.8 0.6 0.6 1 0.6 0.6 1

3L 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
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With YNd and Dyn transformers, simulation results in 

Figure 4 and Table II show that phase dips in the HV 

network become line dips in the MV network, except for 

single-phase faults, and then turn out to be phase dips in 

the LV network. For end-users connected to the MV 

network through Dyn transformers, which usually is the 

case in the Netherlands, the results show that the type of 

transformers affect the transfer of dips; and line dips in 

the MV network are very significant in analyzing the 

quality of supply voltage at their points of connections. 

Classical Approach of Measuring and Reporting 

Voltage Dips 

Reporting the phase voltage dips directly from the 

monitors of the HV- and MV networks can significantly 

overestimate the number of voltage dips seen by the end-

users. In Table III, a four-year dip profile that is 

measured at the Nijkerk 10kV substation is presented 

using the EN 50160 standard table. 

 
Table III: Phase voltage dips based on a four-year measurement data at 

the Nijkerk 10kV network 

Residual                                                   Duration (s)

voltage (pu) 0.01 ≤ t ≤ 0.2 0.2 < t ≤ 0.5 0.5 < t ≤ 1 1< t ≤ 5 5 < t ≤ 60

0.9 > u ≥  0.8 8 1 1 0 0

0.8 > u ≥  0.7 2 2 1 2 0

0.7 > u ≥  0.4 25 1 1 7 0

0.4 > u ≥ 0.05 6 1 0 1 0

u < 0.05 0 0 0 0 0

Total 59  
 

In Table III, all dips are added up and reported without 

any indication how significant the dips are to the grid 

operator and to the customers. One-phase faults are 

dominant in the HV- and MV networks [4]; but they are 

not perceived as dips in the LV networks. Thus, reporting 

all the phase voltage dips, in this way, may not give 

reliable information about the quality of the network and 

the impacts to the end-users. Moreover, the grid operator 

cannot easily identify the weakest part(s) of the network 

as it is not easy to distinguish the dips coming from the 

HV and MV networks affecting the end-users. 

Improved Ways of Reporting for Classically 

Measured Voltage Dips 

For monitors intended to measure phase voltages dips, 

two methods of reporting dips are recommended in this 

paper, which will deliver better information about the 

quality of the supply voltage and network performance 

for end-users than the classical approach. 

The first approach is by indicating the type of dips (1ph, 

2ph and 3ph for dips caused by single-phase, two-phase 

and three-phase faults respectively), in the standard dip 

table, while reporting phase voltage dips. Reporting dips 

in this way helps us obtain better insight into the 

occurrence of each dip type, the quality of the network 

and impact of the dips to the customers. With this 

approach, the four-year voltage dips recorded at the 

Nijkerk MV network are presented in Table IV.  

Table IV: Phase voltage dips recorded during 2010-2013 at the Nijkerk 
10kV network by indicating their source

                                                  Duration (s)

Residual 0.01 ≤ t ≤ 0.2 0.2 < t ≤ 0.5 0.5 < t ≤ 1 1< t ≤ 5 5< t ≤ 60

voltage (pu) 1ph 2ph 3ph 1ph 2ph 3ph 1ph 2ph 3ph 1ph 2ph 3ph 1ph 2ph 3ph

0.9 > u ≥  0.8 6 2 1 1 0 0 1 0 0 0 0 0 0 0 0

0.8 > u ≥  0.7 2 0 0 2 0 0 0 0 1 2 0 0 0 0 0

0.7 > u ≥  0.4 20 4 0 1 0 0 0 1 0 7 0 0 0 0 0

0.4 > u ≥ 0.05 4 2 0 0 1 0 0 0 0 0 1 0 0 0 0

u < 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 46 11 2  
 

As it can be seen from Table IV, most of the dips (~78%) 

stem from single-phase faults which do not affect the 

end-users. Thus, the grid operator and end-users should 

only consider the number of dips that affect to the quality 

of the network and the performance of the loads.  

 

The second approach is reporting the line voltage dips 

that can be obtained from the phase voltages recorded by 

the monitors of the MV substations. Table V presents the 

line dips which are attained from the phase dips of the 

Nijkerk MV network recorded in the period 2010-2013. It 

is very clear that only 12 dips (~20%) of the total phase 

dips in the MV network affect the end-users. 

 
Table V: Line dips at the Nijkerk 10kV network during 2010-2013

Residual                                                   Duration (s)

voltage (pu) 0.01 ≤ t ≤ 0.2 0.2 < t ≤ 0.5 0.5 < t ≤ 1 1< t ≤ 5 5 < t ≤ 60

0.9 > u ≥  0.8 4 0 1 0 0

0.8 > u ≥  0.7 0 1 0 0 0

0.7 > u ≥  0.4 5 0 0 0 0

0.4 > u ≥ 0.05 0 1 0 0 0

u < 0.05 0 0 0 0 0

Total 12  
 

Both approaches give better insights into the dips that 

influence the quality of supply voltage and performance 

for end-users. All of the ‘2ph’ dips, in the first approach, 

may not always be experienced by the customers. The 

second approach requires extra task of extracting line 

dips externally from the monitoring system if phase dips 

are only recorded. From such data of only the distribution 

networks, it also remains difficult (in both approaches) to 

distinguish the contributions of the HV and MV networks 

to the total dips; and to identify the weakest network(s). 

Proposed Approach of Measuring and Reporting 

Voltage Dips 

The simulation results, about transfer of dips, prove that 

line voltage dips in the MV network affect the quality of 

the supply voltage and performance for the end-users. 

However, the phase or line dips in the HV network may 

become line dips in the MV network depending on the 

configuration type of HV/MV transformers. Considering 

the three scenarios that are discussed in this paper, Table 

VI gives a summary of the most appropriate approaches 

of measuring and reporting voltage dips that are proposed 

in this paper for adoption. Based on this approach, it is 

recommended that monitors of the MV networks record 

line dips. Then, the dips can be directly reported without 

losing information and without misleading conclusions. 
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Table VI: Proposed measuring and reporting approaches of PQ monitors 
in the HV- and MV networks 

Scenario Monitoring dips at the 

HV network 

Monitoring dips at the 

MV network 

Scenario I Phase voltages Line voltages 

Scenario II Line voltages Line voltages 

Scenario III Phase and line voltages Line voltages 

 

If the dips originating from the HV network are also 

properly monitored (in the HV), the contributions of the 

HV- and MV networks to the total dips affecting the end-

users of the distribution network can be estimated using 

(1)-(3). This approach solves the limitations that emanate 

from the classical and improved approaches of reporting 

dips. Besides that this approach is very useful as it avoids 

overestimated numbers of dips seen by end-users and 

evades further calculations of dip data externally from the 

monitor. Moreover, this approach can undoubtedly help 

in the efforts of setting limits to voltage dips. 

CONCLUSION 

Statistics of voltage dips can lead to misleading 

conclusions if the specific dips are not monitored and 

reported properly. With the PQ monitor settings, where 

monitors in the HV- and MV networks are meant to 

measure phase voltage dips, better information of voltage 

dips in the MV substations can be gathered by including 

the source of the dips (1ph, 2ph or 3ph faults) while 

reporting. The fact that one-phase dips of the HV and 

MV networks hardly affect the end-users paves the way 

to paying more attention to the (two-phase and three-

phase) dips which significantly affect the customers. By 

recalculating the line voltage dips in the MV network, in 

which one-phase dips from the HV and MV networks are 

not seen by end-users, it is also possible to focus on the 

dips that ultimately affect the end-users. With more 

reliable information, line dips of the MV networks can 

then be reported using the standard dip table in EN 

50160. With these approaches, it still remains difficult to 

determine the contributions of the HV- and MV networks 

to the total voltage dips in the distribution networks. 

 

By relating the transfer of dips to the characteristics of 

voltages that affect the end-users, it is recommended that 

line voltage dips should be monitored and reported in the 

MV networks. To distinguish the contributions of the 

HV- and MV networks to the total number of dips 

monitored in the MV networks, the monitors of the HV 

networks are recommended to measure phase and/or line 

voltage dips. This approach can assist the grid operators 

to gain better insight into the quality of the networks; and 

the end-users can receive reports of voltage dips with 

more reliable information than the classical approach.  

 

The impact of dips to the customers greatly depend on the 

design and robustness of process equipment. Immunity of 

process equipment to dips, possible mitigation techniques 

and costs involved with dips are part of future study. 
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