
Chapter 4 

4.0 Prevention before Cure 

4.1 Why prevention? 

This power quality problem is not something new to the world. From the day of power 

distribution the problem is experienced. Different type of solutions is available in the 

industry from a range of brand names. Unfortunately industrial practice over this quality 

issue has been cure rather than prevention. Cost factor for harmonic filters can be named 

as one reason for a curing process rather than prevention in the initial stage. 

What is forgotten by power consumers is that how much the facility is losing in terms of 

energy and process inefficiencies due to not incorporating a quality power system. The 

losses associated with this power quality problem were discussed in detail in the previous 

chapter and I will be discussing few remedial measures in this chapter. 

4.2 Prevention of current imbalance 

As already discussed unbalance in current will cause several problems in the system and 

is the cause for the unbalance in voltage. Heavy neutral current, cable overloading, 

breakers overloading, temperature rise of cables and components are to name a few. 

There is no complex current balancing method other than proper load distribution to 

phases and analysis of currents in phases in regular maintenance work. The most 

economical and viable methodologies is feeder swapping to balance load currents. This 

can be done during a maintenance program after identifying the correct swapping. 

4.2.1 Electrical system designer's role in avoiding the problem 

The discussions and interviews conducted with most junior and senior electrical 

installation designers prove that they have a major role to play in reducing the current 

imbalance and neutral current problems. Lot of issues arising after the installation during 

operation can be solved at the level of designing. As the installation designer is the first 

person who come into play of the distribution system it is important he plays a correct 
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role. Some facilities encounter unsolvable problems due to bad designs. Common 

proposals are given below for the designer to follow. 

• Design in a way that 3 phase power is supplied to all major load points, to the 

lowest point downstream of the network. 
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Figure 14 : A well designed network for easy phase balancing 

• Take extra effort in dividing the loads to 3 phases. This will need a clear 

understanding of the loading patterns of the facility with the diversity and 

simultaneity ofthe loads. 

4.2.2 Electrical maintenance engineer's role in avoiding the problem 

Maintenance engineers of the electrical network are the persons who will be closest to 

this problem of phase unbalance. They will exactly know at what periods which phases of 

which feeder gets overloaded. Most of the time they will encounter the first glimpse of 

the problem either as an overheating or high neutral current. Sometimes unfortunately 

they will not realize until the problem worsens to a breaker failure or short circuit due to 

insulation damage. 
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collect as much as data by power analysis for possible swapping during the next 

maintenance. The criterion should be minimum energy loss or in other words lowest 

neutral current in the network. The saving in the system will be enormous in terms of 

energy loss, reduced maintenance costs and reduced nuisance tripping. 

A logical unit is proposed in the next chapters for easy guidance to solve the above 

problem. If correct data can be inserted to the system a suggestion for load transfer is 

given as an output. 

4.3 Prevention of voltage imbalance 

Establishment of zero voltage unbalance on a distribution system is clearly impossible 

due to the randomness of the connection and disconnection of single phase loads, uneven 

distribution of single-phase loads on the three phases and inherent asymmetry of the 

power system. However, there are utility system level mitigation techniques as well as 

plant level mitigation techniques that can be used to improve the voltage unbalance and 

its effects. 

Utility level techniques: 

• Redistribution of single-phase loads equally to all phases. 

• Reduction of the system unbalance that arise due to system impedances such as those 

due to transformers and lines. 

• Single-phase regulators have been suggested as devices that can be used to correct the 

unbalance but care must be exercised to ensure that they are controlled carefully not 

to introduce further unbalance. 

• Passive network systems and active power electronic systems such as static var 

compensators and line conditioners also have been suggested for unbalance correction. 

Compared to passive systems, active systems are able to dynamically correct the 

unbalance. 
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Plant level techniques: 

• Load balancing. 

• Use of passive networks and static var compensators. 

• Equipment that is sensitive to voltage unbalance should not be connected to systems 

which supply single-phase loads. 

• For certain applications, there is a possibility of reducing unbalance by changing the 

operating parameters. In order to reduce the influence of negative sequence currents, 

causing negative sequence voltage drops, on the supply voltage, low internal system 

impedance is required. This may be achieved by connecting the unbalanced loads at 

points with higher short circuit level, or by other system measures to reduce the 

internal impedance. 

• Effect of voltage unbalance on ac variable speed drives can be reduced by properly 

sizing ac side and de link reactors. 

4.4 Prevention of harmonic problems 

There are a number of approaches to avoiding harmonic problems. These include: 

I. Specifying equipment that does not create harmonics 

2. Correcting harmonics 

3. Oversizing neutral wiring 

4. K-rated transformers 

Specifying equipment that does not create harmonics 

In the case of networking equipment, the problem is solved because of the IEC 

regulations. In the case of PCs, it is more difficult since a large amount of the harmonic 

contribution comes from the monitor. One approach is to use PCs and monitors with 

lower power draw overall, such as the use of LCD monitors or laptop PCs. This avoids 

both building wiring and transformer problems. 
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If a UPS is used in conjunction with the equipment, then in some cases the UPS can 

correct or eliminate the harmonics. Some single phase UPS like the APC Symmetra 

eliminates neutral current entirely. If a power factor correcting UPS is used to power 

clusters of PCs, the harmonics problem cannot pass upstream to the building wiring or 

power transformers. This approach has the advantage that it can be retrofit to an existing 

building, and used with existing loads. It also corrects both the wiring and the transformer 

issues. For other types of loads, such as large industria~ motor drives which are not 

covered by the harmonic regulations, specialized products are available that can absorb 

harmonics near the source. 
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Figure 15 : Filtration for non linear loads 

I e.' 

lb' 
No~lin3ar 

Load 

lc' (A :ombin:~tio1 
ot smgle-phase 
ani thrPP-~ha;p 

11' In loe.ds) 

In! 

• Select all equipment which conforms to international standards in harmonics 

levels. These equipments are labelled with the "CE" marking. 

• Segregate loads producing high harmonics in such a way that a filtering 

mechanism can be easily incorporated. 

• As a standard practice estimate the possible harmonics levels of sub panels and 

use filters for eliminating harmonics. 
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Passive approach for neutral current reduction 
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Figure 16 :An active power filter used to eliminate negative and zero sequence 
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