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Abstract: Generator protection is an important aspect of power system. Neutral current detection is 

one of the various protection schemes applied for generator protection. Neutral grounding 

transformer is employed to give an artificial neutral point in the generator supply system where no 

direct grounding point is provided. Grounded neutral not only protect the system from damaging 

fault currents but it also gives reference point for the measurement signals. This paper explains how 

a neutral grounding transformer is designed for a special purpose generator. Waveforms are 

depicted from the neutral point of the neutral grounding transformer. 
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I.INTRODUCTION 

 Security in power system opened new horizons in planning, design and operation stages to deliver power to all by 

withstanding various disturbances1,2]. To withstand the consequences of severe eventualities, the power system must have the 

ability to do that, where this ability can be achieved by secure system which gives the power system a minimal probability of 

blackout and equipment damage3,4. This can only be achieved by selecting a group of severe contingencies that may be 

exposed to the power system during operation. 

 
Figure 1: Power generator used in short circuit testing. 

 

Electrical Generators are one of the most important components of the Power System, they are found in utilities as 

well as in industrial and commercial power systems. Electrical Generators can operate as the normal energy source of the 

power system, but also to provide energy for some special purposes. One of these purposes is short circuit testing in an 

electrical lab where a bulk amount of energy is required5. Short circuit test is one of the significant tests conducted on electrical 

power equipments by creating the actual fault which may happen in the field during their service time. It is the most critical 

among all the tests and a laboratory compatible of supplying high amount of electrical energy from a stable source is required. 

Short circuit test laboratories are either grid base or generator based. The generator based short circuit testing station uses a 

specially designed generator (popularly known as short circuit generator) as source of energy for the tests (fig. 1).  

Central Power Research Institute (CPRI), Bhopal has two short circuit generators which cater the testing needs of 

electrical equipment for the utilities and manufacturers. Rating of each of these generators is 1500 MVA, 12.5 kV, 69 kA, 50 

Hz and 3000 rpm. Short circuit generator is subjected to electrical stresses imposed on the insulation of the machine, 

mechanical forces acting on the various parts of the machine and temperature rise. These are the main factors which make 

protection necessary for the generator. Though short circuit generators are slightly different in design from the conventional 

power generators, protection techniques are very much common for the both. 

This paper deals with the various types of generator protection with special emphasis on neutral grounding 

techniques. 
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II.GENERATOR PROTECTION 

Like conventional generator short circuit generator can be subjected to either an internal fault or external fault or both. 

This generator is normally connected to a test circuit as shown in fig. 1. Any fault occurred in the system should also be 

cleared from the generator as soon as possible otherwise it may create permanent damage in the generator. That is why 

generator is protected with several protective schemes. Short circuit generator is having following protection system: 

 Three phase over current protection  

 Single phase over current protection 

 Over voltage protection  

 Over induction protection 

 Differential protection  

 Stator earth fault protection 

 Rotor earth fault protection 

 Neutral over current fault protection 

Different kinds of relays are put into service for the above protection schemes. In this paper the neutral over current 

fault protection is broadly discussed which is accomplished through a neutral grounding transformer. 

 

III.NEUTRAL GROUNDING 

Multiple ground faults can and do occur on ungrounded systems. While a ground fault on one phase of an ungrounded 

system may not initiate an automatic trip, the longer the ground is allowed to remain the greater is the likelihood of a second 

ground occurring on another phase, because the un-faulted phases have phase-to-phase voltage impressed on their phase-to-

ground insulation. In other words, the insulation is over-stressed by 73%. Also, there is an accelerated degradation of the 

insulation system due to the collective overvoltage impinged upon it through successive ground-faults over a period of several 

years. If the system insulation has not been selected for this duty, insulation degradation can accelerate even faster over time. 

Grounding is the intentional connection of the neutral points of transformers, generators and rotating machinery to earth 

ground to provide a reference point of zero volts. Almost all industrial and commercial installations power continuity is 

essential. Loss of production due to ground faults can have serious economic or operational consequences. Grounding offers 

many advantages over an ungrounded system. These are including: 

 Reduced magnitude of transient over-voltages 

 Simplified ground fault location 

 Improved system and equipment fault protection 

 Reduced maintenance time and expense 

 Greater safety for personnel 

 Improved lightning protection 

 Reduction in frequency of faults 

There are several methods of grounding6. These include solidly grounded, low-resistance grounded (LRG), effectively 

grounded, reactance grounded, high-resistance grounded (HRG), and grounding through neutral grounding transformer. A brief 

overview of each of these grounding methods is given below: 

 

3.1 Solidly Grounded System 

In a solidly grounded system, the neutral point is connected to ground with a conductor having negligible impedance. 

This reduces the problem of transient over-voltages found on the ungrounded system and aids in the location of faults. 

However, solidly grounded systems lack the current limiting ability of resistance grounding. Extra protection is must to 

safeguard the electrical equipment from damage and arcing ground faults. 

 

3.2 Low-Resistance Grounded System 

In low-resistance grounding of the source generator, the generator neutral is connected to ground through a resistor. 

The resistor limits the ground fault current to several hundred amperes (typically 200 – 600 A). The fault current is selected to 

minimize fault damage but at the same time allow sufficient current for selective tripping of the protective devices. There are 

many advantages which can be attained by using low-resistance grounding. These include sufficient fault current magnitudes 

to allow sensitive and selective relaying with feeders and bus-tie breakers, easy inclusion of additional sources, limitation of 

transient over voltages to moderate values, and potential cost savings over other grounding methods. There are some 

disadvantages associated with low-resistance grounding. The main disadvantage is the possibility of significant burning of the 

generator stator iron laminations from high ground fault currents. Also, with multiple ground sources, high currents due to 

parallel sources can cause severe fault damage, and large variations of available fault current can cause relay coordination 

problems. Consideration should be given to selecting appropriate surge arresters for the grounding method. 

 

3.3 Effectively Grounded System 

For effectively grounded systems, the neutral is connected to ground through sufficiently low impedance such that the 

ratio X0/X1 is positive and less than 3, and the ratio R0/X1 is positive and less than 1. These specific criteria are to limit the 

build-up of voltages in excess of limits established for apparatus, circuits, or systems so grounded. 

 

3.4 Reactance Grounded System 
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Low-reactance grounding of generators is normally reserved for special applications such as those unusual instances 

in which the generator is connected to a bus that serves distribution loads directly at the generator terminal voltage, and where 

some of the loads on the distribution feeders are single-phase and connected phase-to-ground. In this special case, natural 

unbalances between the loads on an individual phase results in a current flow through the generator neutral. Any significant 

impedance between the generator neutral and ground would inhibit this current flow and thereby interfere with the ability of 

the generator to serve this unbalanced load. Therefore, there is a need to minimize any neutral impedance in these applications. 

 

3.5 High-Resistance Grounded System 

A key advantage of high-resistance grounding is that transient over voltages can be substantially reduced from that an 

ungrounded system. 

3.5.1 System High-resistance Grounding 

In high-resistance grounding, the ground current magnitude is typically limited to 10 A or less, a value equal to the 

normal maximum charging current magnitude for an industrial power system. Industry practice through the years has shown 

that ground fault currents limited to lesser than 10 A produce minimal damage at the fault point. Therefore, the faulted circuit 

need not be tripped off-line immediately when the fault first occurs.  

 

3.5.2 Generator High-resistance Grounding 
When a generator is connected to the plant distribution bus at the medium voltage level, high-resistance grounding 

can be a good solution for grounding the generator neutral. The generator can be high-resistance grounded regardless of the 

grounding method used to ground the system. While high-resistance grounding is a good choice for minimizing damage to a 

generator, it does not lend itself to large systems where it may not be possible to keep ground fault currents to less than 10 A.  

 

3.5.3 Unit-Connected Generator Grounding 

High-resistance grounding of a generator neutral is discussed above. Even though this method of grounding is 

typically utilized on unit-connected generators, it is gaining acceptance in the industrial arena. This scheme can be 

economically attractive since it allows the generator to have the optimum voltage for its size. High-resistance grounding of the 

generator utilizes a distribution transformer with a primary voltage rating greater than or equal to the line-to-neutral voltage 

rating of the generator and a secondary rating of 120 V or 240V. The distribution transformer should have sufficient 

overvoltage capability so that it does not saturate on single-line-to-ground (SLG) faults with the generator operated at 105% of 

rated voltage. 

 

3.6 Hybrid Grounded System 

The hybrid grounding scheme combines both high-resistance (HRG) and low-resistance (LRG) grounding7. The scheme 

adaptively switches the grounding in the generator neutral to HRG when a generator ground fault is detected by opening a 

high-speed switch to remove the LRG source. Hybrid grounding offers the best solution to limiting damage from arcing ground 

faults while still providing the required level of ground fault current under all operating conditions.  

 

IV.GROUNDING TRANSFORMER 

A grounding transformer or ear thing transformer8 is a type of auxiliary transformer used in three phase electric power 

system to provide an easy path to ground fault current during line-to-ground faults. To protect a system against earth fault 

currents, ear thing transformer is used to pass ground current during ground faults to return path for earth current9,10. If a single 

line to ground fault occurs on an ungrounded or isolated system, no return path exists for the fault current, thus no current 

flows. The system will continue to operate but the other two un-faulted lines will rise in voltage by the square root of 3 

resulting in overstressing of the transformer insulation, and other associated components on the system, by 173%. To cater this,  

an artificial neutral is created by a grounding transformer. It is used to provide a ground path to either an ungrounded star or a 

delta connected system and are used to: 

 Provide a relatively low impedance path to ground, thereby maintaining the system neutral at or near ground potential. 

 Limit the magnitude of transient over voltages when re-striking ground faults occur. 

 Provide a source of ground fault current or zero sequence current during line to ground faults. 

 Permit the connection of phase to neutral loads if desired. Sometimes they are used to convert a 3-wire, ungrounded circuit 

into a 4-wire, grounded circuit. 

 Although several different configurations of grounding transformer exist, by far the most popular in commercial and 

industrial system are the grounded wye-delta and zig-zag grounding transformer arrangement.  

 

V.DIFFERENCE BETWEEN GROUNDING TRANSFORMER AND POWER TRANSFORMER 

Although the operation is quite similar, but there are several differences between the grounding transformer and 

power transformer: 

 The direction of power flow is unidirectional for grounding transformers, whereas for power transformer the power flows in 

both directions. 

 The grounding transformer KVA is designed for short time overload, but the power transformer KVA ratings are designed 

for continuous operation. 

 Grounding transformers are used to derive a neutral point for ungrounded three phase system, whereas power transformers 

are used for transferring the power from one circuit to another, and changing the voltage levels. 
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 The fault current of grounding transformer is depended upon the system, sometimes it turns into few thousand amperes, but 

in power transformers the fault current is up to 25 times of normal rated current. 

 The leakage reactance is comparatively lesser in grounding transformers as compared to the power transformers. 

 Harmonic residual components are present in power transformer, but they are not seen in grounding transformers. 

 The efficiency is more in grounding transformers, and the cost is comparatively lesser than power a transformer, that is why 

it is very economical for use in wide variety of operations. 

 

VI.GROUNDING SYSTEM FOR SHORT CIRCUIT GENERATORS 

 Different grounding schemes are applied for two generators in CPRI Bhopal. Generator-1 is having RC grounding 

whereas generator-2 is grounded with a neutral grounding transformer. Descriptions of these systems are given below: 

 
Figure 2: Star point earthing system of 1500 MVA short circuit generator-1. 

 

6.1 Grounding System for Generator-1 

Each stator winding of three phase generator-1 is in two pieces; which can be connected either in series or parallel11. 

Further three phase configuration can be done in star or delta. These are made to get a wide range of voltages.  Stator winding 

star point is grounded with a parallel combination of 4 kΩ resistance and 1µF capacitance (fig. 2). The equivalent star point 

impedance to ground can be calculated as: 

Zeq = R x XC / (R + XC) = 1772 Ω 

Where,  XC  = 1/2πfC = 3183 Ω 

According to Cl 6.103.2 of IEC 62271-10012, ‘The neutral of the supply source may be earthed through a resistor, the 

resistance of which is as high as possible and, expressed in ohms, in no case less than U/10, where U is the numerical value in 

volts of the voltage between lines of the test circuit’. To maintain the condition given in the clause, grounding impedance (Zeq) 

should be higher than 12500/10 = 1250 Ω. Hence the values of resistance and capacitance are suitably selected to give an 

equivalent impedance of 1772 Ω for this grounding. 

The shortcomings of this technique are non-availability of ground point in case of delta connected generator and high 

value of resistance with appropriate insulation level. 

 

6.2 Grounding System for Generator-2 

Unlike generator-1 the generator-2 has single winding in each phase. Further this generator can also be configured 

either in star or delta depending upon the necessity. It is not possible to limit and detect the single phase fault currents through 

a neutral resistor connected to the star point of the generator windings. Hence star point of this generator is not directly earthed. 

A grounding transformer is connected in the output busbars of the generator to limit the total fault current under the highest 

voltage condition (i.e. 12.5kV). Primary of this grounding transformer is star connected with a voltage rating of 12.5kV which 

is the same as generator maximum output voltage. Secondary of this grounding transformer is of only 80 V with an open delta 

connection (fig. 3). Star point of this transformer is connected to the ground through a single phase CT (of ratio 5/5) to detect 

the fault and trip the generator. A zero phase sequence over-current relay is connected in the CT secondary that will detect 

current greater than 5% of 5.8 A to protect 95% of the stator windings under rated condition. The relay will trip the generator 

under any stator unbalance conditions. 

 

Figure 3: Grounding transformer connected to 1500 MVA short circuit generator. 
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6.2 Grounding System for Generator-2 

Unlike generator-1 the generator-2 has single winding in each phase. Further this generator can also be configured 

either in star or delta depending upon the necessity. It is not possible to limit and detect the single phase fault currents through 

a neutral resistor connected to the star point of the generator windings. Hence star point of this generator is not directly earthed. 

A grounding transformer is connected in the output bus bars of the generator to limit the total fault current under the highest 

voltage condition (i.e. 12.5kV). Primary of this grounding transformer is star connected with a voltage rating of 12.5kV which 

is the same as generator maximum output voltage. Secondary of this grounding transformer is of only 80 V with an open delta 

connection (fig. 3). Star point of this transformer is connected to the ground through a single phase CT (of ratio 5/5) to detect 

the fault and trip the generator. A zero phase sequence over-current relay is connected in the CT secondary that will detect 

current greater than 5% of 5.8 A to protect 95% of the stator windings under rated condition. The relay will trip the generator 

under any stator unbalance conditions. 

 

Design of Grounding System 

 The equivalent circuit of the star grounded/open delta grounding transformer is depicted in figure 4. 

 
Figure 4: Grounding transformer equivalent circuit. 

Where,  

U1N = transformer primary ph-ph rated voltage 

U2N = transformer secondary ph-ph rated voltage  

3IR1 = primary limiting fault current 

3IR2 = secondary fault current 

ZT = transformer impedance per phase 

R = secondary resistance 

VO = zero phase sequence voltage 

EO = primary zero phase sequence EMF 

E’O = secondary zero phase sequence EMF 

VR = voltage across the secondary resistor 

 

According to clause no. 6.103.2 of IEC 62271-100, an equivalent neutral resistor is greater than or equal to: 

12500/10= 1250 Ω 

 

When the generator is at its rated output voltage, the equivalent neutral resistor limits the fault current to: 

3IR1=
12500

√3𝑥 1250
 = 5.8 A 

=> IR1 = 1.9 A 

The value of the secondary resistor connected across the secondary open-delta has to be calculated. 

Turns ratio, k = U2N / 
U1N

√3 
 

VO = ZT IR1 + EO 

VR = R IR2  = 3 E’O 

=>E’O = R IR2  / 3 

EO = - E’O / k = -R IR2  / 3k 

Now IR2  = - IR1 / k 

 

Hence, EO = R IR1  / 3k2 

and VO = ZT IR1 + EO= ZT IR1 + R IR1  / 3k2 

= (ZT+ R/ 3k2) IR1 

Zero phase sequence impedance is equal to 

ZO = VO / IO = VO / IR1 = ZT+ R/ 3k2 

=> R = 3k2 (ZO - ZT)        .....................................(i) 

If we neglect the transformer impedance we have: 

R = 3k2 ZO                               .....................................(ii) 

Now, ZO = VO / IR1 

In case of single phase fault VO = U1N / √3  

Hence, ZO = U1N / IR1√3  
Putting the value of ZO in eq. (ii) 
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R = 3k2 ZO = 3x3 (U2N)2 / (U1N)2
U1N

IR1√3 
 

= 9 (U2N)2 / (√3 U1N IR1) 

 

Power dissipated under fault condition is equal to: 

S = 3VO IR1 = 3 ZO (IR1)2 = 3
U1N

√3 
 IR1 = √3 U1N IR1 

Voltage across the secondary resistor is equal to: 

VR = 3E’O = -3k EO 

If we neglect ZT; VO = EO 

Hence VR = -3k VO 

Now VO = 
U1N

√3 
and k = U2N / 

U1N

√3 
 

Then VR = -3k VO = -3 (U2N / 
U1N

√3 
)

U1N

√3 
 = -3 U2N 

 

Power dissipated in the resistor is equal to: 

P = (VR)2 / R = 9(U2N)2 / R 

The current is equal to: 

IR2 = VR / R = 3 U2N / R 

 

 Now grounding transformer should also limit the fault current to 1.9 A. For this purpose secondary winding is made 

as an open delta which is closed through a small resistance. Value of this secondary resistance (R) is calculated as: 

R = 9 (U2N)2/ √3  U1N IR1 = 1.4 Ω 

Where, U1N = primary winding voltage = 12500 V and U2N = 80 V secondary winding voltage. 

The power dissipated under fault condition in the transformer is equal to: 

                                        S = √3  U1N IR1 = √3 x12500x1.9 = 41 kVA i.e. rounded at 50 kVA. 

The transformer must withstand 50 kVA during 10 s. 

The power rating of the secondary resistance is equal to: 

                                     P = 9 (U2N)2/ R = 9 (80)2 / 1.4 = 41 kW rounded at 50 kW. 

 The neutral grounding transformer must operate at 12.5 kV (for star connected generator) or 7.2 kV (for delta 

connected generator) without any ratio error or distortion which could lead to protection relay malfunction.  

 

VII.CONCLUSIONS 

An ungrounded system has many operating disadvantages such as high transient over-voltages and difficulty of fault 

location. A system with a solidly grounded neutral provides greater safety for personnel and aids in fault location. However, 

the fault current is not limited and the system must be shut down after the first fault. Resistance grounded neutrals limit the 

magnitude of transient over voltages thereby reducing equipment damage. In addition, the fault current is limited to a 

predetermined value established by a simple ohms law calculation. On this concept grounding system of generator-1 is 

designed. Generator-2 has implemented a grounding transformer for it ear thing. This also detects any unbalances in phase 

voltages with high sensitivity.  

Preventive measures must be taken against overloads and abnormal conditions of the machine so that it can serve 

safely. Even ensuring an efficient design, construction, operation, and preventive means of protection the risk of a fault cannot 

be completely eliminated from any machine. The devices used in generator protection, ensure that when a fault arises, it is 

eliminated as quickly as possible. This should be noted that no protective relay can prevent fault, it only indicates and 

minimizes the duration of the fault to prevent high temperature rise in the generator otherwise there may be permanent damage 

in it. 
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