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1 Introduction 

 

Produce a special report describing applications of Rogowski Coils used for protective relaying in 

electric power systems. 

 

Rogowski Coils operate on the same principles as conventional iron-core current transformers 

(CTs).  The main difference between Rogowski Coils and CTs is that Rogowski Coil windings are 

wound over an (non-magnetic) air core, instead of over an iron core.  As a result, Rogowski Coils 

are linear since the air core cannot saturate.  However, the mutual coupling between the primary 

conductor and the secondary winding in Rogowski Coils is much smaller than in CTs.  Therefore, 

Rogowski Coil output power is small, so it cannot drive current through low-resistance burden like 

CTs are able to drive.  Rogowski Coils can provide input signals for microprocessor-based devices 

that have a high input resistance; therefore, these devices measure voltage across the Rogowski Coil 

secondary output terminals.  

In general, Rogowski Coil current sensors have performance characteristics that are favorable when 

compared to conventional CTs.  These characteristics include high measurement accuracy and a 

wide operating current range allowing the use of the same device for both metering and protection. 

This can result in reduced inventory costs since fewer sensors are needed for all applications.  Less 

variation in inventory requirements should also improve installation time when replacements are 

needed, reducing equipment downtime; thereby, lowering overall sensor costs to the utility or 

industrial company.  This is achieved through higher unification and standardization of products, 

which benefits manufacturers and users.  

In addition, Rogowski Coils make protection schemes possible that were not achievable by 

conventional CTs because of saturation, size, weight, and/or difficulty encountered when attempting 

to install current transformers around conductors that cannot be opened. 

An additional advantage of Rogowski Coil current sensors is significantly lower power 

consumption during operation. Rogowski Coils are connected to devices that have high input 

resistance, resulting in negligible current flowing through the secondary circuit. Conventional CTs 

contain a ferromagnetic core that also consumes energy/power due to hysteresis losses. Rogowski 

Coils have no core losses. In fact, an operating Rogowski Coil has much smaller power loss than 

conventional CTs ï which leads to significant savings of energy and ultimately reduced lifecycle 

costs. 

Rogowski Coils can replace conventional CTs for protection, metering, and control. Rogowski 

Coils have been applied at all voltage levels (low, medium, and high voltage).  However, unlike 

CTs that produce secondary current proportional to the primary current, Rogowski Coils produce 

output voltage that is a scaled time derivative di(t)/dt of the primary current.  Signal processing is 

required to extract the power frequency signal for applications in phasor-based protective relays and 

microprocessor-based equipment must be designed to accept these types of signals. 
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2 Rogowski Coils  

 

Conventional iron-core current transformers (CTs) are typically designed with rated secondary 

currents of 1 Amp or 5 Amps, to drive low impedance burden of several ohms.  Figure 2-1 shows 

the principle of a CT connection. ANSI/IEEE Standard C57.13Ê-2008 [1] specifies CT accuracy 

class for steady state and symmetrical fault conditions.  Accuracy class of  the CT ratio error is 

specified to be ±10% or better for a fault current 20 times the CT rated current and up to the 

standard burden.  CTs are designed to meet this requirement. But, if  the standard burden is 

connected to the CT secondary and the RMS value of a symmetric fault current exceeds 20 times 

the CT rated current or if the RMS value of a fault current is smaller than 20 times the CT rated 

current but contains DC offset (asymmetric current), the CT will saturate.  The secondary current 

will be distorted and the current RMS value reduced.  

Traditional Rogowski Coils consist of a wire wound on a non-magnetic core (relative permeability 

r=1).  The coil is then placed around conductors whose currents are to be measured (Figure 2-2).  

 

 

 

Figure 2-1.  Current Transformer  

Figure 2-2.  Rogowski Coil 

 

As Rogowski Coils use a non-magnetic core to support the secondary windings, mutual coupling 

between the primary and secondary windings is weak.  Because of weak coupling, to obtain quality 

current sensors, Rogowski Coils should be designed to meet two main criteria: 

 the relative position of the primary conductor inside the coil loop should not affect the 

coil output signal, and 

 the impact of nearby conductors that carry high currents on the coil output signal should 

be minimal. 

To satisfy the first criteria, mutual inductance M must have a constant value for any position of the 

primary conductor inside the coil loop. This can be achieved if the windings are:  
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1) on a core that has a constant cross-section S, 

2) perpendicular to the middle line m (dashed line in Figure 2-2 that also represents return 

wire through the winding), and  

3) built with constant turn density n.   

Mutual inductance M is defined by the formula: 

 0M n S     

Where 0 is permeability of air. 

The output voltage is proportional to the rate of change of measured current as given by the 

formula:  

 
( )

( )
p

s
di t

v t M
dt

 

Because the Rogowski Coil primary and secondary windings are weakly coupled (to prevent the 

unwanted influence from nearby conductors carrying high currents) Rogowski Coils are designed 

with two wire loops connected in electrically opposite directions.  This cancels electromagnetic 

fields coming from outside the coil loop.  One or both loops can consist of wound wire.  If only one 

loop is constructed as a winding, then the second wire loop can be constructed by returning the wire 

through (Figure 2-3) or near this winding (single-layer coils).  If both loops are constructed as 

windings, then they must be wound in opposite directions (multi-layer coils).  In this way, the 

Rogowski Coil output voltage induced by currents from the inside conductor(s) will be doubled if 

windings are identical. 

 

Figure 2-3. Rogowski Coil with the Return Wire Loop through the Winding 

Figure 2-4 shows the equivalent circuit of an iron-core current transformer.  Magnetizing current Ie 

introduces amplitude error and phase error.  Since the CT iron-core has a non-linear characteristic it 

saturates at high currents, or when a DC component is present in the primary current. When the CT 

saturates, the magnetizing current increases and the secondary current produced decreases (ie. CT 

ratio error increases).  This may negatively impact relay performance, resulting in delayed 

operation, non-operation, or unwanted operation in the case of differential protection schemes. 
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Figure 2-4. Current Transformer Equivalent Circuit 

Figure 2-5 shows the equivalent circuit of a Rogowski Coil.  The phase angle between the 

Rogowski Coil primary current and the secondary voltage is nearly 90 (displaced from 90 by a 

small angle  caused by the coil inductance Ls).  Figure 2-6 shows the Rogowski Coil vector 

diagram. 

 

Figure 2-5. Rogowski Coil Equivalent Circuit 

 

Figure 2-6. Rogowski Coil Vector Diagram 
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As the Rogowski Coil signal is a scaled time derivative, di(t)/dt of the primary current, signal 

processing is required to extract the power frequency signal for phasor-based protective relays.  

This may be achieved by integrating the Rogowski Coil output signals, or using non-integrated 

Rogowski Coil output signals in other signal processing techniques.  

Integration of the signals can be performed in the relay (by analog circuitry or by digital signal 

processing techniques) or immediately at the coil.  To use the Rogowski Coil non-integrated analog 

signal, it is necessary to perform the signal corrections for both the magnitudes and phase angles.  

For phasor-based protective relaying applications, the Rogowski Coil secondary signal must be 

scaled by magnitude and phase-shifted for each frequency. 

Because the Rogowski Coil output voltage is proportional to the rate of change of measured current 

(di/dt) enclosed by the coil, the waveform of the Rogowski Coil output signal is different from the 

waveform of the measured current. For symmetric primary current faults, the Rogowski Coil 

secondary voltage signal is shifted in phase by 90 versus the primary current as shown in Figure 

2-7a. For an asymmetric primary current fault, the DC offset will be attenuated by the Rogowski 

Coil and phase shifted as shown in Figure 2-7b. However, the integrated signal accurately 

reproduces the primary current waveform.  

 

 
 (a) Symmetric Primary Currents  (b) Asymmetric Primary Currents 

Figure 2-7. Rogowski Coil Non-Integrated Output Signals 



 

 

 

 

To achieve high accuracy, Rogowski Coils should be connected to devices that have high input 

impedance. Figure 2-8 shows the impact of the device input resistance on the secondary output 

voltage for an example of Rogowski Coil that produces 150 mV at rated current. In reality, different 

Rogowski Coils may have different requirements on the input resistance of connected devices. In 

addition, capacitances of the burden and/or connected cable may affect the phase error; nevertheless 

the effect of such capacitances is relatively small. 

 

Figure 2-8. The Impact of Burden on the Rogowski Coil Output Voltage 

Figure 2-9 illustrates characteristics of Rogowski Coils that can improve actual metering and 

protection system designs. When compared to conventional CTs, Rogowski Coils are linear and 

have a wide current range of application so one device can replace multiple conventional CTs and 

can be used as a multi -purpose sensor for both metering and protection. 

 

 

Figure 2-9. One Rogowski Coil can replace Multiple Current Transformers 

 

V
s

 [
m

V
]

Is
 [

A
]

Is

Vs

V
s

 [
m

V
]

Is
 [

A
]

Is

Vs

Is

Vs



 

 

 

 

 

Some iron-core current transformers are designed with an air gap in the core. In non-gapped core 

CTs, a remanent flux may remain in the core after a fault current interruption. In grain-oriented iron 

core CTs, when saturated, a remanent flux of 70-80% of saturation flux may remain in the core. 

Very little of the remanent flux can dissipate during normal CT operation and it will remain in the 

core until the CT is de-magnetized. An air-gap in the core reduces remanent flux. Typically, air 

gaps of 0.0001 ï 0.0003 per unit of mean length of the magnetic path reduce remanent flux to an 

acceptable level. The main advantages of gapped core CTs are smaller CT size, since the air gap 

reduces the large core size needed to avoid saturation. Disadvantages are increased CT phase error, 

and the need for more time to allow stored energy to dissipate. 

 

Traditionally, the problem of CT saturation was eliminated using linear couplers. A linear coupler is 

an air core mutual inductor that produces an output voltage proportional to the derivative of the 

primary current (Figure 2-10). Because there is no ferromagnetic material, linear couplers do not 

saturate. The number of secondary turns is much greater than in a conventional CT. The linear 

coupler V-I characteristic is a straight line having a slope of about 5 volts per 1000 ampere-turns at 

the rated frequency.  By agreement between manufacturer and customer the linear coupler V-I 

characteristic can have any slope. For differential protection of busbars, linear couplers are typically 

connected in a voltage-differential circuit.  For normal load or external-fault conditions, the sum of 

the voltages induced in the secondary is near zero. In actual operation, a small voltage exists due to 

effects such as different coil sensitivities resulting from manufacturing tolerances and external 

electromagnetic fields. Linear couplers will not be damaged and do not create a high voltage hazard 

for personnel when the secondary is open-circuited. 

A linear coupler is constructed as a single coil and in some designs a return path is included.  In the 

case of a Rogowski Coil, the return path geometry is critical to reduce the influence of external 

magnetic fields.  Linear coupler designs generally result in the ratio being dependent on the 

conductor position in the window and is susceptible to external electromagnetic fields. Linear 

couplers are scaled with a fixed primary conductor location in the window. 

 

Figure 2-10. Linear Coupler 



 

 

 

 

 

A comparison of V-I characteristics for non-gapped iron-core CTs, gapped iron-core CTs, linear 

couplers, and Rogowski Coils is shown in Figure 2-11. Non-gapped iron-core CTs are saturable and 

may retain remanent flux in the core up to 80% of the saturation flux. Gapped iron-core CTs are 

also saturable, but remanent flux is significantly reduced by the air gap. However, magnetizing 

current increases in a gapped iron-core CT, resulting in increased phase error. Linear couplers are 

air-core inductors and do not saturate, but are susceptible to external magnetic fields and do not 

have high accuracy. Rogowski Coils are linear and may be used for metering applications. Phase 

displacement is nearly 90. 

 

 

Figure 2-11. Comparative V-I Characteristics for Iron-Core CTs, Linear Couplers, and Rogowski Coils 

 

There are different Rogowski coil designs such as single- or multi-layer, and rigid or flexible. Rigid 

Rogowski Coils are wound over a non-magnetic core usually having toroidal shape. This core may 

be made of plastic, epoxy, or other insulating material. The main advantage of using non-

ferromagnetic material is obtaining the coil linearity since non-ferromagnetic material cannot 

saturate at high currents.  

Single-layer coils have lower values of mutual inductance, series self-inductance, series resistance, 

and distributed capacitance than multi-layer coils that consist of two windings wound over each 

other. These parameters should be taken into consideration when performing measurements when 

high-frequency and low phase-displacement is required. The winding capacitance of the multi-layer 

coil increases approximately linearly with the number of turns. The series self-inductance of the coil 

increases with the square of the number of turns. These parameters influence the coilôs frequency 

response. 
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Flexible Rogowski Coils may be wound over a silicone rubber core. In most cases, the winding is a 

single-layer style. The wire from the end of the coil winding óreturnsô along the length of the coil 

through a conductor along the axis of the core as illustrated in Figure 2-3. This arrangement reduces 

magnetic pick-up and ensures that the coil terminals are at the same end of the coil. Flexible 

Rogowski Coils are convenient for measuring electric current in large or ñawkwardly shapedò 

conductors, where space around the conductor is restricted or where only a lightweight transducer 

can be suspended on the conductor. Misalignment of the joining faces of a split Rogowski Coil has 

only a small effect on the amplitude and no effect on the phase. (Split iron-cored devices such as 

current transformers are subject to appreciable amplitude and phase errors if the halves are 

misaligned by even a small amount.) Flexible Rogowski Coils are usually delivered together with a 

device that integrates the coil output signal (Figure 2-12). Flexible Rogowski Coils are split-core 

style and can be installed without any need for electrical or mechanical interruption of the current-

carrying conductor, while also ensuring galvanic insulation. This makes them easy to use. Accuracy 

of flexible coils is not as high (can be improved by proper positioning of the primary conductor). 

   

 

Figure 2-12. Flexible Rogowski Coil with Integrator 

 

Paper [7] published in 1994 describes a combined current and voltage sensor for metering and 

protection in high voltage power systems. The sensor consists of an electric E-field voltage sensor 

and a magnetic H-field current sensor suitable for applications in 10 kV, 200 A. The H-field sensor 

shown in Figure 2-13 is in the form of a toroid having 1000 turns wound on an insulating former 

with an average diameter of 10.75 cm. It has an axial length of 10 cm, and radial thickness of 0.5 

cm. The output voltage at 60 Hz and 200 A is 140.38 mV. The coil is compensated against any stray 

axial magnetic fields by using a compensating turn and a potentiometer. 

 



 

 

 

 

 

Figure 2-13. H-Coil with Compensating Turn and Potentiometer 

Figure 2-14 shows a Rogowski Coil design that uses piecewise straight (discrete) coils connected in 

series to create a chain. Each coil may have several layers in order to provide sufficient output 

voltage. This chain may form a circle as a toroidal Rogowski Coil. In comparison to classical 

Rogowski Coils, this discrete coil solution is smaller and is thus suitable for applications with small 

space available. Due to the fact that the coils are straight, their production is easier than in the case 

of a continuously wound toroidal core. However, in this design the number of turns per unit length 

is no longer constant over the whole length of the winding of the measuring device. A structural 

discontinuity exists due to the fact that the last turn of one coil is joined with the first turn of the 

next coil through a wire. The mutual induction coefficient between the device and an external 

circuit is not zero. As a result, the impact from the external electromagnetic field is larger than in 

designs with a continuous winding. This impact can be reduced by implementing a larger number of 

discrete coils. 

 

Figure 2-14. Rogowski Coil consisting of piecewise straight coils 
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Figure 2-15 shows a design that uses piecewise straight (discrete) coils implemented on PCBs. 

Several coils are connected in series forming a circular shape. The use of more PCB coils results in 

higher accuracy, lower sensitivity to positioning the conductor, and better external field rejection 

performance. Another advantage of this solution is lower production costs. 

 

 

Figure 2-15. Rogowski Coil designed with Discrete Coils made on Printed Circuit Boards 

 

Figure 2-16 shows a design where two windings are implemented on one single PCB. Two 

windings are wound in opposite directions to reduce magnetic pick-up from nearby conductors. 

Figure 2-17 shows a design using two PCBs sandwiched together as a multilayer PCB design. Each 

PCB has an imprinted coil. To reduce magnetic pick-up from nearby conductors, coils are wound in 

electrically opposite directions. The output voltage of PCB Rogowski Coils is smaller than the 

output voltage of Rogowski Coils designed with conventional wire wound over an ñair-coreò since 

the core cross-section area is smaller. However, this design allows precise coil manufacturing, 

resulting in high accuracy and higher immunity to external fields. Rogowski Coils have also been 

designed using the PCB design technique in a split-core style for installation around primary 

conductors without the requirement to open the primary conductors. 

 

 

Figure 2-16. Rogowski Coil Designed on One Single Printed Circuit Board 
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Figure 2-17. Rogowski Coil Designed on Two Printed Circuit Boards 

The accuracy of flexible split-core Rogowski Coils is about 1%-3% and the position accuracy is 

about 2%.  Figure 2-18 shows designs of non split-core Rogowski Coils from three different 

manufacturers. The accuracy of each coil depends on the coil design and operating conditions. 

Generally, the accuracy class is 0.5%, but coils can be designed for 0.1% accuracy class, making 

them suitable for metering and protection applications. 

Non split-core style printed circuit board Rogowski Coil designs from three different manufacturers 

are shown in Figure 2-19. The accuracy of PCB coils depends on the coil design. Generally, the 

accuracy class is 0.2%-0.5%, but coils can be designed for 0.1% accuracy class, making them 

suitable for metering and protection applications. For installation of non split-core style coils, 

primary conductors must be opened. Figure 2-20 illustrates a split-core Rogowski Coil design for 

installation around primary conductors that cannot be opened. Figure 2-20 also shows a split-core 

Rogowski Coil used to measure current in multiple conductors and one application measuring 

current in a water-cooled conductor with a large cross-section. PCB coil designs have usually lower 

output voltages compared to rigid Rogowski coils due to small turn area, therefore special care must 

be taken to protect low-output signal from external disturbances. 

 

Some companies have manufactured combined voltage and current sensors as one device. As 

Rogowski Coils can be made much smaller than conventional CTs and there exist technologies that 

could replace conventional VTs as well, there is a great benefit to combining these separate devices 

into one unit. A combined classical inductive transformer is a bulky device, having big size and 

weight. The combination of Rogowski Coil and some Low-power voltage sensor can fit basically 

into the same body as a classical block-type CT with a lot of margin or can be made much smaller. 

Some companies are using these advantages and they have manufactured combined voltage and 

current sensors as one device. Figure 2-21 shows designs from two different manufacturers. 
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Figure 2-18.  Rigid Non-Split-Wound-Core Rogowski Coil Designs 



 

 

 

 

 

Figure 2-19. Printed Circuit Non-Split Core Board Rogowski Coils 

 

 

  



 

 

 

 

 

 

Figure 2-20.  Split-Core PCB Rogowski Coil Design (design illustration, coil measuring current in six conductors, 
and coil measuring current in one water-cooled conductor) 



 

 

 

 

 

 
 

 

 
 

 

Figure 2-21. Combination Voltage and Current Sensors 
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Rogowski Coils are wound over a non-magnetic (air core) material, instead of over an iron core like 

a conventional CT.  As a result, Rogowski Coils are linear since the air core cannot saturate. Figure 

2-22 shows the Rogowski Coil linearity in the current range of 1 A to 100 kA. 

 

Figure 2-22. Rogowski Coil Linearity 

 

Figure 2-23 shows a comparison in transient response between conventional CTs and Rogowski 

Coils. When the iron-core current transformer saturates, its secondary current waveforms are 

distorted. The Rogowski Coil output signals cannot be distorted. The integrated signal accurately 

reproduces the original waveform. In Figure 2-23, the Rogowski Coil output signal overlays the 

primary current waveform. To visually depict the difference in transient response between CTs and 

Rogowski Coils, Figure 2-24 shows the calculated RMS values of the primary current from Figure 

2-23. Trace (a) is the original primary current with DC offset. Traces (b) and (c) are the RMS values 

derived by the relay for the same primary current when the DC offset is filtered by the relay. Trace 

(b) is the RMS value using Rogowski Coils, and Trace (c) is the RMS value using current 

transformers when saturated. The shaded area is the reduced RMS value of the primary current that 

the relay cannot sense due to CT saturation. 

Figure 2-25 shows non-integrated and integrated Rogowski Coil signals for high power tests at 68 

kA fault currents. The Rogowski Coil preserves linearity at high fault currents. The non-integrated 

Rogowski Coil signal attenuates the primary circuit DC component. However, the integrated 

Rogowski Coil signal accurately reproduces the primary currents. 
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Figure 2-23. Comparison of Current Transformer and Rogowski Coil Transient Response 

 

Figure 2-24. Comparison of the Rogowski Coil Integrated Secondary RMS Signal and the Saturated Current 
Transformer Secondary RMS Current for an Asymmetrical Fault Current 
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Figure 2-25. Laboratory Test Results of a Rogowski Coil Transient Response 

 

Rogowski Coil designs generally have high frequency response relative to conventional CTs. 

Depending on the design, the Rogowski Coil frequency response can be significantly higher than 1 

MHz which makes them suitable for traveling wave-based protection applications. Rogowski Coils 

are frequency-dependent devices. However, the Rogowski Coil output signals are linearly 

proportional to the frequency. Integrated signals are frequency-independent (see Figure 2-26) over 

typical operating ranges of frequency until the self resonance point of the sensor is reached. 

 

Figure 2-26. Rogowski Coil Frequency Response 
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Influence from nearby conductors is one of the most important tests to determine the Rogowski Coil 

current sensor accuracy.  The effectiveness of Rogowski Coils in rejecting an external 

electromagnetic field depends on the coil design. The main factors are consistency in the coil core 

cross section, winding implementation, and counter loop designs. The effectiveness in rejecting an 

external electromagnetic field for printed circuit board Rogowski Coils designed by imprinting 

windings on two separate boards sandwiched together is shown in Figure 2-28. Tests were 

performed in a high power laboratory at test current magnitudes of 60 kARMS. The test setup is 

shown in Figure 2-27. For comparison, two Rogowski Coils were tested. RC1 was installed to 

measure the test current and RC2 was located 2 inches next to the primary conductor to test the 

influence from the primary conductor.  Since the induced signal in RC2 was very small, a x100 

amplifier was used to increase the signal to the level acceptable by the recorder.  The results are 

shown in Figure 2-28.  The influence from the primary conductor was below 0.01%, verifying very 

good coil immunity to the external magnetic fields.  In most applications, Rogowski Coil current 

sensors will be installed at a distance from nearby conductors.  Since the magnetic field from a 

current carrying conductor declines proportional to the distance squared, the influence will be near 

zero. 

 

  

Figure 2-27. High Power Test Setup for Testing the Impact of External Electromagnetic Fields 
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Figure 2-28. Influence from the Nearby Conductor 

 

 

 

2.10.1 Accuracy  

Rogowski Coils can be used for metering, protection, and control. Traditionally, separate secondary 

windings for measurement and protection have been used. The wide range linearity of sensors 

makes it possible to combine sensors for measurement and protection in one single device, resulting 

in smaller sensor dimensions, simpler low-voltage circuit cabling, and more uniform cubicle design.  

2.10.2 Linearity  (No Saturation) 

Rogowski Coils are linear over a wide range of currents. No order-specific calculation for various 

primary currents is necessary. There is no need for calculation of accuracy limit factors. 

2.10.3 No Accuracy versus Burden Calculation 

Rogowski Coils are used with micro-processor IEDs that have high input impedance. Therefore, no 

calculation for accuracy versus burden is required. 

2.10.4 Size 

Rogowski Coils are small and compact. They can easily be combined with voltage sensors in one 

device: a combi-sensor. They can be integrated into other equipment like switches, reclosers, circuit 

breakers, and power transformers. They can be installed around bushings or post insulators, 



 

 

 

 

resulting in more compact equipment and switchgear. 

2.10.5 Weight 

Rogowski Coils are lightweight, especially compared to conventional current transformers with 

heavy cores. An even bigger weight/size benefit results from the use of combined units, comprising 

both current and voltage sensors. 

2.10.6 Safety 

Low Secondary (Transmitted) Voltage. Figure 2-29 shows hazardous voltages that may exist 

when a conventional CT secondary opens. The Rogowski Coil output signal is low enough to be 

harmless to secondary equipment and people, even when the highest currents and voltages occur on 

the primary side. A broken circuit or short-circuit in the signal cable will cause no hazards or 

damage. Even under fault conditions such as a primary short-circuit, the transmitted signal is 

approximately 10 V (depending on scale factor in specific application) or less. In addition, 

Rogowski Coils have a small mutual inductance so they cannot produce significant current, even if 

the terminals are shorted. These voltage levels are generally below the values where operating 

personnel need to apply specific safety precautions and cannot cause hazards to secondary 

insulation and instruments. Therefore, there is no need to calculate an instrument security factor. 

 

 

Figure 2-29. Hazardous Voltages for an Open CT Secondary 

 

Terminal Blocks Not Required. Rogowski Coils are interconnected to relays by shielded cables 

and connectors (Figure 2-30). Terminal blocks are not used since Rogowski Coils can be open-

circuited without any risk of developing voltages dangerous for personnel. In addition, a cable is a 

part of the Rogowski Coil and the whole setup is accuracy tested. Therefore, there is no need for 

additional cabling and calculation of burden impedance/influence and providing fast installation on-

site without any tools. 
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Figure 2-30.  Interface to Relays for CTs and Rogowski Coils 

2.10.7 Simplified Ordering 

Since one Rogowski Coil basic design can cover a wide range of applications, the amount of 

product versions is considerably small. Order-specific actions are minimal and the logistic process 

short. As a result, the delivery time for standard sensors may be shorter than for traditional 

instrument transformers. 

2.10.8 Improved Switchgear Design and Performance 

Rogowski Coils enable improving switchgear design by reducing switchgear dimensions and 

improving metering, control, and protection performance. This is possible because Rogowski Coils 

accurately reproduce primary currents under normal and fault conditions, including harmonics and 

high-frequency disturbances.  

Switchgear features enhanced by modern relays and sensors: 

 Better selectivity 

 Improved fault location 

 Better disturbance analysis 

 Power quality measurements 

 Remote monitoring and control 

 Easy maintenance 

 Optimized maintenance program 

 Simplified IED testing 

 Faster installation within switchgear 

 Optimized wiring 
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 Lower weight 

 Small Rogowski coil size contributes to improved air-flow (cooling) inside switchgear 

 Lower total costs of ownership 

2.10.9 Environmental Aspects 

Less use of raw materials. Sensors with small dimensions enable design of compact and 

uncomplicated cubicles. 

Less copper inside cast resin. The amount of copper in a single Rogowski Coil current sensor is 

only a fraction of that used in a corresponding multi-core current transformer. The absence of iron 

cores makes the recycling of the primary winding possible.  

Small Power Consumption. The efficiency of a sensor is high when compared with instrument 

transformers. In addition, there are no losses in the secondary cabling. 

2.10.10 Relay Design Simplification 

Current transformers have traditionally been used for protection and measurement applications in 

part because of their ability to produce the high power output required by electromechanical 

equipment. Microprocessor-based equipment does not require high power sensor output and allows 

the use of novel high performance sensors, such as Rogowski Coils for current measurements.  

Figure 2-31b shows simplification in the relay input board design when using Rogowski Coils 

compared to a conventional CT based input board shown in Figure 2-31a. In addition, this design 

requires less space inside the relay, and the weight and cost of the relay can be reduced. However, 

the relay may be designed to have input boards that accommodate both technologies. 

 

 
    a) Input Board for Conventional CTs         b) Input Board for Rogowski Coils 

Figure 2-31. Relay Input Board for Conventional CTs and Rogowski Coils 



 

 

 

 

3 Standard Requirements for Protective Relaying and Metering  

Standards IEEE C37.92Ê-2005, IEC 60044-8, IEC 61850-9-1, and IEC 61850-9-2 define the 

interface between low-power sensors and protective relays or other substation intelligent electronic 

devices. IEEE Std C37.235Ê-2007 provides guidelines for the application of Rogowski Coils used 

for protective relaying purposes. Existing Standard IEC 60044-7 and 60044-8 will migrate into the 

new structure of IEC 61869. 

International Standard IEC 61869 is a family of standards that specify requirements for 

conventional and non-conventional instrument transformers. Standard IEC 61869-10 specifies 

requirements for Low Power Stand Alone Current Sensors (LPCS). This Standard is based on the 

IEC 61869-1 and IEC 61869-9-1 and shall be read in conjunction with the IEC 61869-1 and the IEC 

61869-9-1. This section includes selected paragraphs from Standard IEC 61869-10. 

 

Factor by which the value of the secondary voltage is to be multiplied to obtain the value of the 

primary current. 

sr

pr

sf
U

I
k  

Where  

ksf  is the scale factor; 

Ipr  is the r.m.s. value of the rated primary current; 

Usr  is the r.m.s. value of secondary voltage at rated primary current.  

Note: This definition is only related to rated burden and rated frequency. It does not take into 

account direct signal components (Usdc = 0) as well as harmonic and sub-harmonic components 

(ip res(t) = 0, up res(t) = 0). 

Note:   Scale factor is determined for each individual sensor.  

Rogowski coils can be used under different system frequencies without any change in design and 

without loss of accuracy. However, when the system frequency is different from the rated 

frequency, the rated scale factor must be calculated by using the following equation 

r

sr

pr

sf

f

f
U

I
k  

Where  

r is the rated frequency; 

 is the system frequency. 



 

 

 

 

 

3.2.1 Metering LPCS 

The standard accuracy classes for measuring LPCS are: 

0.1 ï 0.2 ï 0.5 ï 1 ï 3  

Limits of current error and phase displacement for LPCS. For classes 0.1 ï 0.2 ï 0.5 and 1, the 

current and phase errors at rated frequency and at rated burden shall not exceed the values given in 

Table 3-1.  

Note 1:   In general, the prescribed limits of current and phase errors are valid for any given position 

of an external conductor spaced at a distance in air not less than that required for insulation in air at 

the highest voltage for equipment.  

Note 2: Proper positioning of primary conductor should be defined by manufacturer in the 

installation instructions 

 

Table 3-1 Limits of current and phase errors for measuring LPCS (classes from 0.1 to 3) 

 

Accuracy 
class 

± percentage current (ratio, 
scale factor) error at primary 

current shown below 

± phase error at primary current shown below 

Minutes Centiradians 

0.05Ipr 0.2Ipr Ipr Kpcr Ipr 0.05Ipr 0.2Ipr Ipr Kpcr Ipr 0.05Ipr 0.2Ipr Ipr Kpcr Ipr 

0.1 

0.2 

0.5 

1.0 

3.0 

0.4 

0.75 

1.5 

3.0 

- 

0.2 

0.35 

0.75 

1.5 

4.5 

0.1 

0.2 

0.5 

1.0 

3 

0.1 

0.2 

0.5 

1.0 

3 

15 

30 

90 

180 

- 

8 

15 

45 

90 

- 

5 

10 

30 

60 

- 

5 

10 

30 

60 

- 

0.45 

0.9 

2.7 

5.4 

- 

0.24 

0.45 

1.35 

2.7 

- 

0.15 

0.3 

0.9 

1.8 

- 

0.15 

0.3 

0.9 

1.8 

- 

 

For classes 0.2 S and 0.5 S, the current error and phase error of current transformers for special 

applications at rated frequency shall not exceed the values given in Table 3-2. 

 

Table 3-2 Limits of current and phase errors for measuring LPCT for special applications 

Accuracy 
class 

± percentage current (ratio, 
scale factor) error at 

primary current shown 
below 

± phase error at primary current shown below 

Minutes Centiradians 

0.01 
Ipr 

0.05
Ipr 

0.2 
Ipr 

Ipr Kpcr 
Ipr 

0.01 
Ipr 

0.05
Ipr 

0.2 
Ipr 

Ipr Kpcr 
Ipr 

0.01 
Ipr 

0.05
Ipr 

0.2 
Ipr 

Ipr Kpcr 
Ipr 

0.2 S 

0.5 S 

0.75 

1.5 

0.35 

0.75 

0.2 

0.5 

0.2 

0.5 

0.2 

0.5 

30 

90 

15 

45 

10 

30 

10 

30 

10 

30 

0.9 

2.7 

0.45 

1.35 

0.3 

0.9 

0.3 

0.9 

0.3 

0.9 

 

3.2.2 Protective low-power stand-alone current sensors 

Rated accuracy limit primary current . The standard accuracy limit currents are: 

5000 ï 7500 ï 12500 ï 25000 ï 31500 ï 40000 ï 50000 ï 63000 A  



 

 

 

 

NOTE:  Depending on the application, other values can be used.  

Accuracy class designation. For protective electronic current transformers, the accuracy class is 

designed by the highest permissible percentage composite error at the rated accuracy limit primary 

current prescribed for the accuracy class concerned, followed by the letter ñPò (meaning protection) 

or by the letters ñTPEò (meaning transient protection electronic classes). 

Standard accuracy classes. The standard accuracy classes for protective LPCS are: 

5 P, 10 P, and 5TPE. 

Limits of error . At rated frequency and at rated burden, the current (ratio or scale factor) error, 

phase error and composite or composite scale factor error and, during application of specified duty 

cycle if transient performance is specified, the maximum peak instantaneous error shall not exceed 

the values given in Table 3-3. The phase error indicated in the tables of limits of errors are the 

values remaining after the compensation of the rated delay time. 

 

Table 3-3 Limits of error  

Accuracy 
class 

Current (ratio, 
scale factor) error 
at rated primary 

current 

% 

Phase error at rated 
primary current 

Composite 
(composite scale 

factor) error at rated 
accuracy limit 

Primary current 

% 

At accuracy limit 
condition  

Maximum peak 
instantaneous error 

% 
Minutes Centiradians 

5TPE 

5 P 

10 P 

± 1 

± 1 

± 3 

± 60 

± 60 

- 

± 1,8 

± 1,8 

- 

5 

5 

10 

10 

- 

- 

NOTE 1 Information on transient conditions related to class TPE and classes (PR and PX) defined in IEC 60044-1 
and other classes (TPS, TPX, TPY, TPZ) defined in IEC 60044-6 are given in annex A. 

 

 

Multipurpose electronic current transformers (ECT) are designed for both measurement and 

protection. Multipurpose ECT should comply with all the clauses of Standard IEC 61869. 

 

The standard values of rated primary currents are: 

25 ï 50 ï 100 A 

and their decimal multiples or fractions.. 

NOTE:  The same LPCS could be used in a wide range of primary current values. Selection of 

proper primary and secondary rated values should be done in line with input limits of the measuring 

equipment.  

 

The standard values for rated extended primary current factor are: 



 

 

 

 

5 ï 10 ï 20 ï 50 ï 100 

and their decimal multiples or fractions. 

NOTE: The same LPCS could be used in a wide range of primary current values. Selection of 

proper primary and secondary rated values should be done in line with input limits of the measuring 

equipment. 

 

The rated continuous thermal current shall not be lower than the rated primary current or the rated 

extended primary current if specified. 

 

The standard r.m.s. values of rated secondary voltage at rated primary current are: 

 

22.5 mV and 200 mV 

  

NOTE: Typical electronic relays and meters can easily accommodate a small variation in the rated 

value of the standard rated secondary voltage. For example, an electronic relay expecting a 

secondary voltage of 200 mV can easily accommodate secondary voltage of 150 mV and 225 mV. 

For existing designs, the following r.m.s. values of rated secondary voltage at rated primary current 

are also allowed 

225 mV for LPCT delivering an output voltage proportional to the current 

150 mV for Rogowski coil delivering an output voltage proportional to the derivative of the current. 

NOTE: The same LPCS could be used in different applications requiring different rated secondary 

voltage values. Selection of proper primary and secondary rated values should be done in line with 

input limits of the measuring equipment. 

 

The standard values of rated burden in ohms are:  

2 kɋ ï 20 kɋ ï 100 kɋ ï 1 Mɋ ï 4 Mɋ 

The burden connected to LPCS has to be equal to, or higher than, the rated burden. 

NOTE: Attention should be paid to the parallel capacitance of electrical measuring instruments or 

electrical protective devices. 

 

Figure 3-1 shows the accuracy limits of a multipurpose ECT (i.e. an ECT which obeys measuring 

and protective requirements), which is also specified for transient response. 

The marks show at which primary current the accuracy is actually tested during type tests. The lines 



 

 

 

 

show in which primary current range the accuracy is supposed to be maintained. 

 

Figure 3-1. Accuracy Limits of a Multi-Purpose ECT 

If an application requires a small deviation between the phase and/or amplitude error between the 

ECTs on different phases, the user shall select a set of electronic current transformers with similar 

calibration data, as is also done with conventional transformers. The calibration data is available 

from routine testing. A special test is not required. 

 



 

 

 

 

4 Rogowski Coil Application Designs  

Rogowski Coils have been designed and applied at all voltage levels (low, medium, and high 

voltage). They have been designed for indoor and outdoor installations and applied for metering, 

protection, and control. This section reviews different designs and applications. 

 

Figure 4-1 shows low-voltage switchgear that uses Rogowski Coils for metering and protection. 

Circuit breakers are equipped with self-powered, microprocessor-based trip-devices to sense 

overload and short circuit conditions.   Rogowski Coil accuracy is better than 1%. 

 

 

Figure 4-1. Rogowski Coil Applications in Low Voltage Switchgear 

 



 

 

 

 

 

Figure 4-2 shows flexible Rogowski Coils for energy measurements in applications such as 

industrial production machines, supermarkets, data centers, schools, and TV studios. 

 

Figure 4-2. Rogowski Coil Application for Energy Measurements 

 

 

Figure 4-3 and Figure 4-4 show applications of Rogowski Coils combined with voltage sensors.  

  

 

Figure 4-3. Rogowski Coil Applications in Medium Voltage Switchgear (combined current and voltage sensor) 
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Figure 4-4. Outdoor Application of Rogowski Coils Combined with Voltage sensors 

 

 

Figure 4-5. Rogowski Coil Integration with Medium Voltage Circuit Breakers 
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Figure 4-6. Rogowski Coil Applications in Medium Voltage Switchgear (Rogowski coil integrated into bushings) 

 

 

 

Figure 4-7. Rogowski Coil Applications in Medium Voltage Switchgear 






































































