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Chapter 2 

2.0 Problems Faced Due To Heavy Neutral 
Currents 

2.1 Introduction 

The problems faced due to the unbalance issues are enormous across different type of 

industries, distribution systems, commercial and residential installations. The problems 

are faced mostly in operations by maintenance and operational staff. Most problems are 

detected only after engaging the system into operations, which is quite unprofessional. 

Some problems remain unsolvable due to the unplanned design and high investment 

required to change. Considerable amount of time, money and losses could have saved if 

proper initial design was done. However some common problems to a range of industries 

will be discussed in this chapter. Some of the cases are my personal experiences as an 

operational engineer and a consultant. 

2.2 Voltage unbalance problems 

2.2.1 Three phase motors 

Voltage unbalance is extremely harmful to the proper operation and life of a three-phase 

motor. Probably the highest impacts ever recorded due to unbalance. When line voltages 

supplying an induction motor are not equal in magnitude several problems occur. These 

are AC asynchronous machines with internally induced rotating magnetic fields. The 

magnitude is proportional to the amplitude of the direct and/or inverse components. The 

rotational sense of the field of the inverse component is opposite to the field of the direct 

component. Hence, in the case of an unbalanced supply, the total rotating magnetic field 

becomes 'elliptical' instead of circular. Induction machines face three kinds of problems 

due to unbalance. 
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First, the machine cannot produce its full torque as the inversely rotating magnetic field 

of the negative-sequence system causes a negative braking torque that has to be 

subtracted from the base torque linked to the normal rotating magnetic field. [2] 
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Figure 5 : Torque- speed curves under unbalance conditions 

Figure 5 shows the different torque-speed characteristics of an induction machine under 

unbalanced supply. The actual steady-state curve is the weighted sum of these curves with 

the squared unbalance ratios as weights as the torque scales with the square of the load. It 

can be seen that in the normal operating region, being the almost straight line section of 

the 'Direct' curve (the part starting at the top of the curve, eventually crossing the 

horizontal axis at synchronous speed), 'Inverse' curve and 'Homopolar' curve are both 

negative. 
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Secondly, the bearings may suffer mechanical damage because of induced torque 

components at double system frequency. 

Finally, the stator and, especially, the rotor are heated excessively, possibly leading to 

faster thermal ageing. This heat is caused by induction of significant currents by the fast 

rotating (in the relative sense) inverse magnetic field, as seen by the rotor. To be able to 

deal with this extra heating, the motor must be derated, which may require a machine of a 

larger power rating to be installed. 

Unbalanced voltages on three-phase motors produce large unbalanced currents, 

overheating of the motor, shorter insulation life, excessive losses and wasted energy. 

Also, significantly unbalanced line currents make the problem of providing adequate 

overload protection more difficult. 
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Figure 6 : Variation of current and efficiency of a motor with voltage unbalance [ 1] 

The above graph in Figure 6 illustrates the variation of the current with the variation of 

the voltage unbalance. Unbalanced voltage produces a corresponding negative sequence 

flux causing unbalanced currents in excess of those under balanced voltage conditions. It 

is important to note that excessive current creates excessive heat, which in turn, shortens 

insulation life; insulation breakdown is permanent. In the phase with the highest current, 

the percentage increase in temperature rise will be approximately two times the square of 
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the percentage voltage unbalance. Thus, a 3% voltage unbalance will increase 

temperature rise about 3x3x2 or 18%. Such an unbalance could also result in 

electromechanical vibration, leading to bearing failures. In addition, noise and vibration 

will be particularly severe on high rpm motors. 

Also the graph describes how the efficiency of the motor drops with the variation of the 

imbalance. It is important to keep the voltages balanced to save on energy, whilst 

obtaining the maximum output from the motor. 
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Figure 7: Motor overheating with voltage imbalance [1] 
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The above graph in Figure 7 is a classic example of temperature rise with the voltage 

imbalance. A danger zone is marked to describe the risk of degradation of insulation due 

to the temperature rise. Higher the voltage imbalance higher will be the probability for an 

insulation failure. NEMA stands for National Electrical Manufacturers Association, 

which allows a voltage imbalance of 5% for safer operation. 
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Figure 8 : Decrement of rated power with voltage imbalance [ 1] 

The plot above in Figure 8 shows how the rated power output of a motor will reduce with 

the increase ofthe imbalance. 

2.2.2 Electrical network 

The capacity of transformers, cables and lines is reduced due to negative sequence 

components. The operational limit is in fact determined by the RMS rating of the total 

current, being partially made up of 'useless' non-direct sequence currents as well. This 

has to be considered when setting trigger points of protection devices, operating on the 

total current. The maximum capacity can be expressed by a derating factor, to be supplied 

by the manufacturer, which can be used to select a larger system, capable of handling the 

load. 

Transformers subject to negative sequence voltages transform them in the same way as 

positive-sequence voltages. The behaviour with respect to homopolar voltages depends 

on the primary and secondary connections and, more particularly, the presence of a 

neutral conductor. If, for instance, one side has a three-phase four-wire connection, 

neutral currents can flow. If at the other side the winding is delta connected, the 

homopolar current is transformed into a circulating (and heat-causing) current in the 

delta. The associated homopolar magnetic flux passes through constructional parts of the 
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, ransfixmer causing parasitic losses in parts such as the tank, sometimes requiring an 

;dditJonal derating. 

~.3 Current unbalance problems 

: urrent unbalance is seen much as a starting point for this whole problem. In a most 

,)mmon distribution system there will be a 4 wire system with a single set for each phase 

md a neutral wire. Some critical problems are listed below with regard to phase current 

, 111 balances. 

• Overloading of single set of cables 

• Heating ofhigh current carrying cable 

• Possible insulation failure ofthe high current carrying cable 

• Neutral overloading 

• Energy loss in neutral current 

• Failures in breakers, contactors, terminals etc. 

( urrent unbalance occurs with a bad design of load division. Special care has to be taken 

when multiple single phase loads are included in a load centre. The diversity and 

simultaneity ofthe single phase loads need to be considered. Following is a classic case in 

a Sri Lankan industrial installation. The current imbalance is more than 25%. The current 

RMS values logged over a period oftime are given below. 

load Phas~ Currents 

,ll ,]•·1'1 1 1 J', 

Figure 9: Phase currents of an industrial installation 
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The problem raised concern over several parties due to a constant failure of the contactors 

of the change over switch. One phase contactor failed for the second time after two 

replacements of the change over switch which revealed a subsequent over loading in that 

phase. Previous change over switch was replaced by the client without proper 

investigation of the cause of the problem. The following is a picture (Figure 1 0) of the 

single phase burnt change over switch. The burnt phase is clearly visible with burnt marks. 

Figure 10 : Burnt change over switch of an installation 

2.4 Harmonics problem 

Harmonic currents generated by non linear mainly office equipment mcrease power 

system heat losses and the power bills of end users. Generally harmonic problems in 

office buildings are caused by nonlinear loads causing harmonic current injection[5]. The 

injected current is propagated to all distribution circuits and leads to harmonic voltage 

distortion on the system. Harmonic currents can cause such problems as 

o Overloading neutral conductors 

o Damaging of capacitor banks 

o Resonance 

o Malfunction of electronic equipment 

o Communication interference 

o Logic faults in digital devices 

o Errors in power metering 

o Inadvertent thermal tripping of relays, circuit breakers and protective devices. 
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The 3rd and other triplen harmonic currents are additive as they return in the neutral 

conductor. Because of this, neutral conductors will often carry very heavy currents when 

non-linear loads are present. These currents have been known to cause overheating and 

failures of the neutral conductor. In addition, harmonics will increase eR and eddy 

current losses in transformers and other distribution equipment such as UPS systems. 

These excessive losses can cause transformers to overheat even when they are relatively 

lightly loaded. This is further described in the following eqyations and the waveforms 

given below. As it is illustrated the third harmonic components present in the phase 

currents will not cancel out in the neutral but add up. Therefore at times the neutral 

current could be more than the phase current. 

I N,rms = ~(12 a,rms + 12 
b,rms + e c,rms) 

IN,rms = ~3 * lphase,rms 

13 



.. 

-JL----+-- -- +--
_/ 

---

-7 
·--+-----+---+---~ 

--

., 

Figure II: Effects of presence ofharmonics in phases to the neutral 

'\jon-linear loads, such as computers, emergency lighting, fluorescent lighting, etc, are 

hecoming ever more present and create high levels ofharmonic current which can add-up 

111 the neutral, creating ever serious problems. Some plots of common equipment used in 

the day today lite are given below in Figure 12. The distortion in these current waveforms 

wi II he seen due to harmonics. [ 6] 
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Figure 12 : Current waveforms of different loads 

For fluorescent lighting fixtures with conventional magnetic ballasts, the third harmonic 

content is typically in the range of 13% to 20% of the fundamental 50 Hz frequency. 

Electronic ballasts generate an even higher third harmonic component, as high as 80%. 

Overheated transformers (K Factor), motors, and standby generators that are exposed to 

significant levels of harmonic currents can suffer serious increases in operating 

temperature. In addition, excessive current in the neutral conductors not only overheats 

the conductors, possibly causing damage to insulation, but also can be reflected back into 

the 3-phase transformer winding as a circulating current, causing additional heat. Power 

Factor Correction Capacitors (PFCC's) can also overheat due to harmonic distortion on 

line voltage in the power system. Since the impedance of a capacitor decreases as the 

frequency of the applied voltage increases, excessive current can flow through the 

capacitor. Capacitors can also form a resonant circuit with inductive elements in the 

system, which will create a measurable increase in the voltage across the capacitor. 

Lighting ballast capacitors are also susceptible to heat caused by high-frequency currents; 

frequent failures of this type are indicative of the presence of harmonics in the system. 

Harmonics can be cause of inefficient distribution of power, power line carrier (PLC), eg. 

Clocks and Energy Management Systems (EMS) 
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