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Introduction 

The GreenPAK device can be used for the 

protection of utility power equipment. In this 

application note, we will explain how to design 

and implement the differential protection of a 

single-phase transformer using the GreenPAK3. 

This design will help to protect the transformer 

from internal faults, i.e. inter-turn faults, bushing 

faults, single phase to ground faults, double line 

to ground fault, etc. Two analog inputs from the 

current transformer are monitored and those are 

used to detect faults in a power system. 

 

Problem Statement 

Faults are inevitable in power system generation, 

transmission and distribution. Protection devices 

are designed to overcome these unavoidable 

conditions and increase the reliability of the 

system. The transformer is the most important 

and costly equipment in a power system. 

Therefore, proper protection of the transformer is 

required. 

 

Transformer Background 

A Power System deals with the generation, 

transmission and distribution of electrical energy 

from the source to load end, and devices that are 

connected to such systems include generators, 

transformers, and motors.  

The transformer is the major component of the 

power system that is used to step up or down the 

voltage levels so that transmission line losses 

might be reduced. 

It has two windings: one is known as a primary 

winding and the second one is known as 

secondary winding. The winding with high voltage 

is called HV (High Voltage) winding and other with 

low voltage is called LV (Low Voltage) winding. 

Transformers have been used at power generating 

stations to step up the voltage levels for the 

transmission purposes over long distances. At 

substations, transformers step down the voltage 

somewhat so that transmission lines can pass 

through populated areas without the induction 

phenomenon. Then finally distribution 

transformers are used to step-down the voltage 

levels for the load end use. There is an 

appropriate requirement to protect the 

transformer from faults that occur in the power 

system so that further damage can be avoided. 

A Protective Relay is a device designed to trip a 

circuit breaker when a fault is detected. Relays 

may be categorized as Differential Relay, Distance 

Relay, Over-Current Relay, Under-Voltage Relay, 

etc. Of these, Differential Relay is primarily used 

for the protection of a transformer that has the 

boundaries HV CT (High Voltage Current 

Transformer) and LV CT (Low Voltage Current 

Transformer).  

Figure 1. Transformer zone in Power System 
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Utility Transformer Protection using GreenPAK 

Since the transformer is an integral part of the 

bulk power system, it will probably require more 

sophisticated relays in terms of design and 

redundancy. The transformer zones in a power 

system are shown in Fig. 1 

The HV and LV side currents are first stepped 

down to 5A or 1A using CT and then the 

difference of magnitude is taken between the two 

currents. In normal conditions, the difference is 

zero. But when a fault occurs then the difference 

is not equal to zero and transformer needs 

protection from faults to avoid the detrimental 

effects. Based on the difference value, a trip 

signal is generated and it is sent to the circuit 

breaker. The circuit breaker opens the circuit on 

both sides of the transformer and in this way the 

transformer can be protected from the faults. 

Block diagram for single phase protection of 

transformer is in Fig. 2. 

There are two CTs that are connected at the HV 

and LV sides of the transformer. HV CT has a turn 

ratio of 1:n1 and LV CT has a turn ratio of 1:n2. 

CT is basically used to step down the current so 

that it can be measured accurately and easily. 

Thus, small and accurate instruments can be used 

to measure the current and then actual current 

flowing in the power system can be found by 

multiplying the measured current value with the 

turn ratio.  

Mathematically, turn ratio can be written as: 

Turn Ratio=Np/Ns=Is/Ip 

Np = Number of turns in the primary winding; 

Ns = Number of turns in the secondary winding; 

Ip = Current in the primary winding; 

Is = Current in the secondary winding; 

To find Is, we have: 

Is=Ip (Np/Ns) 

Different ratings of CT are available in the market. 

It may be either 100/1, 200/1, 300/1, 400/1, 

100/5, 200/5, 400/5, 800/5, 1200/5, etc. The 

numerator shows the primary current in amperes 

and denominator shows the secondary current of 

CT. 

In three-phase protection of a transformer, three 

single phase differential relays are used to protect 

the transformer. It has total of six CTs, three on 

HV side and three on LV side.  

Figure 2. Single Phase Transformer Protection 
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Utility Transformer Protection using GreenPAK 

If the transformer has delta winding configuration 

on HV side, then CT connected on HV side will be 

in star winding connection and vice versa 

configuration is applied on LV side. It is used to 

cancel the effect of 30-degree phase shift that 

occurs due to Delta-Star connection of 

transformer windings. The Block diagram for the 

three-phase protection of transformer is shown in 

Fig. 3. 

 

The complete flow process for single phase 

transformer protection that starts from two 

outputs of CTs: take the difference between them 

and based on the difference value, the circuit 

compares and trips if needed. This is repeated to 

monitor whether there is normal current or fault 

current flowing through the power system. A flow 

diagram for the differential protection of 

transformer is depicted in Fig. 4. The top-level 

schematic for the designed differential protection 

of transformer is shown in Fig. 5. 

Figure 3. Three Phase Transformer Protection 

Figure 4. Flow Diagram of Differential Relay 
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Utility Transformer Protection using GreenPAK 

 

GreenPAK Design 

To implement differential protection of a 

transformer in GreenPAK, we are using the SLG 

46721V. Required components are analog input 

pins, comparators, look up tables, VDD, ground, 

etc. Green PAK configuration for the Differential 

protection of a transformer is shown in Fig. 7. 

 

GreenPAK Configuration Description 

In this configuration, we have used CT of 1A 

secondary current that supplies current at the 

analog input terminals. Therefore, during normal 

conditions 1A current flows through CT secondary 

but when a fault occurs then it increases, 

depending upon the fault intensity. During normal 

flow of current that is 1A, all the LEDs are turned 

off.  

Figure 5. Connection Diagram 

Figure 6. Connection to GreenPAK 
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Utility Transformer Protection using GreenPAK 

The LEDs turn on only due to the fault in the 

power system. If LED_D is turned on, then it 

shows a minor fault on HV side and if LED_C is 

turned on then it shows a severe fault on HV side. 

Similarly, on LV side, LED_B shows a minor fault, 

and LED_A shows a severe fault. 

 

High Voltage Current Transformer 

Analog input from HV CT has been taken and then 

it is fed to a comparator, A CMP0 compares the 

analog input at positive terminal with the fixed 

value applied to the negative terminal. The fixed 

value is the fault value that has been assigned. 

Its magnitude is VDD/4 (1.275). Normally 1A 

current flows through the CT but when a fault 

occurs then this current increases and voltage 

decreases.  

Therefore, a comparison is made between the 

positive terminal input and negative terminal 

input. During normal conditions, the positive input 

terminal of A CMP0 is low so the output of the 

comparator is also low. But when a fault occurs 

then the positive input terminal value increases to 

higher than the negative terminal, and so the 

comparator output is high and then LED_D is 

turned on due to all high inputs at the AND gate 

terminals.  

A CMP1 has fault value of magnitude VDD/3 (1.7). 

In A CMP1, the fault current is compared with 1.7 

and when the fault current is greater than this 

value, then LED_C connected to the PIN 12 turns 

on and this shows the severe condition of fault 

current. 

Figure 7. GreenPAK Configuration for Differential Protection of Transformer 
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Utility Transformer Protection using GreenPAK 

Low Voltage Current Transformer 

On LV CT side, the analog output from LV CT is 

fed to the A CMP2 at the positive terminal and the 

negative terminal is supplied by the constant 

magnitude of VDD/4. During normal flow of 1A 

current, the comparison between input terminals 

of A CMP2 is not satisfied and so output of A 

CMP2 is low. But when a fault occurs and positive 

terminal input becomes greater than VDD/4 then 

the output of A CMP2 becomes high and LED_B 

turns on due to the high output of the AND gate. 

A CMP3 also uses the analog output current of LV 

CT and compares it with VDD/3 magnitude. When 

a fault occurs, then A CMP3 compares the fault 

current with 1.7 and if fault current is greater 

than this value then LED_A connected to PIN 8 

turns on. 

When PIN 8 LED turns on, it shows the severe 

nature of fault current and there is a need to 

generate the trip signal to the circuit breaker so 

that it can open both HV and LV terminals of the 

transformer from the power system. 

 

Circuit Breaker Tripping 

Here we have used LEDs to display fault 

detection. Practically, when a fault occurs and 

depending upon the severity of the fault, a trip 

signal is sent to the circuit breaker and then it 

opens its terminals. One circuit breaker is 

connected before HV CT and the other is 

connected after LV CT. In this way, the 

transformer is taken out of the system so that 

high fault current might not damage it. This is an 

appropriate requirement for protection of 

transformer to save it from highly dangerous 

faults. 

In order to operate the circuit breaker from 

GreenPAK designer, we have to connect output 

pins (previously connected to LEDs) to a 220V 

Arduino Relay Board or similar. It is shown in Fig. 

8. 

 

 

This board is connected to the 220V supply from 

the main circuit. When the digital high value of 5 

volts from GreenPAK is provided at the input of 

this board, then at the output it supplies 220V AC. 

Since circuit breakers operate at 110 DC voltages, 

so there is a need to convert AC to DC. 

For that, we can use a rectifier. And then rectified 

DC voltage can be used to operate the circuit 

breaker. 

 

Conclusion 

By using A CMP and LUT blocks of GPAK, we 

designed a differential relay that can be primarily 

used for the protection of a transformer. By using 

the GreenPAK to design this differential relay 

circuit, a single-phase transformer can be 

protected from internal faults. Three phase 

transformer protection can also be accomplished 

after making some modifications to this design. 

Figure 8. 220V Arduino Relay Board 
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Utility Transformer Protection using GreenPAK 

Appendix (detail of configuration 

settings in GreenPAK Designer) 

There are two analog inputs that have been taken 

from HV CT and LV CT and are connected to the 

analog input/output pins 6 and 13 respectively. 

The configurations of both analog pins are shown 

in Figs. 9,10. 

PIN 2 has been used as a digital input pin and its 

configuration is shown in Fig. 11. 

The output pin of each analog input supplies 

current to two comparators at the positive input 

terminals. The negative input terminals of 

comparators are connected to constant 

magnitude. Here the comparison is made between 

the positive and negative terminal inputs.  

If the positive terminal has higher magnitude, 

then the output of the comparator is high, 

otherwise it is low. 
Figure 10. PIN 13 Configuration 

Figure 9. PIN 6 Configuration Figure 11. PIN 2 Configuration 
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Utility Transformer Protection using GreenPAK 

The configuration of each comparator is shown in 

Figs. 12-15. 

 

 

Figure 12. A CMP0 Configuration 

Figure 13. A CMP1 Configuration 

Figure 14. A CMP2 Configuration 

Figure 15. A CMP3 Configuration 
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Utility Transformer Protection using GreenPAK 

Then the output of each comparator is fed to an 

individual look-up table. Two 2-bit and two 3-bit 

look-up tables have been used. After connecting 

one input terminal to a comparator output, all 

other input terminals of look-up tables are 

connected to digital input pin 2 that is always at a 

high value.  

It means that when the output of the comparator 

is high then the output of look up table is also 

high since in look-up table we are using a 

standard AND gate. The configuration of each 

look-up table is shown in Figs. 16-19. 

At the output of LUTs, four different LEDs are 

connected that are turned on if the input is high, 

otherwise it is turned off. 

Figure 18. 2-bit LUT4 Configuration 

Figure 19. 2-bit LUT5 Configuration 

Figure 16. 3-bit LUT0 Configuration 

Figure 17. 3-bit LUT1 Configuration 
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Utility Transformer Protection using GreenPAK 

 The configurations of LED pins are shown in Figs. 

20-23. 

Figure 20. PIN 8 Configuration 

Figure 21. PIN 4 Configuration 

Figure 22. PIN 12 Configuration 

Figure 23. PIN 17 Configuration 
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Utility Transformer Protection using GreenPAK 

PIN 2 and VDD emulation settings are shown in 

Fig. 24. 
 

Figure 24. VDD and PIN 2 Configuration 
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Utility Transformer Protection using GreenPAK 

Hardware Implementation 

On LV side of transformer, ring type current 

transformer is connected and positive terminal of 

LV side is passed through it (Fig.25). 

 

On HV side, the positive terminal of HV side is 

also passed through another CT as shown on 

Fig.26. 

Figure 25. LV side Connection 

Figure 26. HV side Connection 
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Utility Transformer Protection using GreenPAK 

Transformer Inter-Turn Fault Results 

 

Figure 27. LED PIN 17 High 

Figure 28. LED PIN 12 and 17 both High 

Figure 29. LED PIN 4 High 

Figure 30. LED PIN 4 and 8 High 
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