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ABSTRACT 

This paper presents the main results about development 

of a new single-phase recloser for medium voltage based 

on a technique that allows to use the same mountings 

used for fuse link and to aggregate characteristics as 

reclosing capacity, trip level adjusting and mechanical 

disconnection. Some short-circuits results obtained from 

laboratory and filed tests will be presented, along with 

equipment details. Its reclosing capacity is limited to 6 kA 

and nominal current up to 200 A. 

INTRODUCTION 

Electrical circuits have installed on their extensions and 
feeders, different equipment enabling protection of the 
electric system in case of faults. 
The most common occurrences are electrical short-
circuit, which depends on the nature of the phenomenon, 
among other factors. 
In cases where the electrical short-circuit is located 
within the substation electric utility, this is considered a 
severe short-circuit, leading to the replacement of 
electrical equipment, and interrupt the supply of 
electricity for long period. 
Temporary short-circuits are caused by multiple 
"sources", for example, tree branches, animals, bird nests, 
switching surges, lightning, among others. They are 
responsible for the majority of problems for utilities, 
since they represent over 80% of interruptions recorded 
with impact on service continuity indicators [1]. 
When these temporary faults have high amplitude to 
trigger the protection fuses, the service will be 
unavailable until a team re-establish the power supply or 
until the device that operated, reconnects automatically. 
The IEC 60255 standard specifies the protection 
functions for overcurrent, such as the functions 50 and 
51, overcurrent protection function instantaneous and 
time defined, respectively [2]. 
The utilities in Brazil usually install a fuse link, which 
provides protection against electrical faults in medium 
voltage systems, interrupting the supply of electric energy 
in accordance with a predetermined overcurrent level. 
This device operates only once, requiring its replacement, 
making it unavailable system until maintenance. Often 
short-circuits are temporary, leaving some customers 
without power until changing the fuse link. 
On the other hand utilities have in their electrical systems 

a device called automatic circuit recloser, which lets open 
the circuit according to the overcurrent protection 
functions configured in cases of electrical short-circuits 
and, after the operation, wait for a predetermined period 
and reconnect the system, remaining temporarily closed 
in case of short-circuit and monitoring at all times the 
occurrence for a new short-circuit. 
The automatic recloser, however, is often installed at 
substations due to their size and especially their cost, 
which did not allow the facility to replace the fuse link, 
for example [3]. 
Thus a contribution to the technological development and 
the improvement of service in this industry, it is the 
search for a solution that can deliver characteristics of 
low-cost and small dimensions of the fuse link with the 
reclosing capacity of the system in case of temporary 
short-circuit, also allowing the optimization of 
maintenance in electrical systems such as rural, which 
usually are distant, leading to long-term power outages. 
The single-phase recloser developed in this R&D project, 
integrates characteristics of the fuse link with the 
automatic circuit recloser, making possible the 
performance in a lower level of short-circuit, and in 
coordination with the other power system protection 
equipment, to interrupt the circuit for a short period of 
time and, if extinguishing short-circuit, to reconnect the 
system. In case of permanent short-circuit, it operates as a 
fuse, disconnecting loads and informing mechanically 
with visual indication for the maintenance team to its 
operating position. 

RESEARCH DEVELOPMENT 

Equipment developed has the following characteristics: 

- A reclosing after first opening; 

- Restoration of baseline characteristics after a reset time; 

- Opening after the second attempt to reconnection; 

- Can be easily closed with a hot stick; 

- Can be installed in the same fuse link mountings; 

- Can replace fuses from 1 to 200 A; 

- Allows downloading data using radio communication. 

It can be installed on electrical rural systems and on 

systems with lots of temporary short-circuits, where the 

application of a recloser is disadvantageous. 
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Operation mode 

The equipment scans all the time the RMS current value, 

and after a short-circuit detection the vacuum interrupter 

will open for the first time following the pre-defined time 

(51 function). This time is configurable between 0 and 5 

seconds and will be the same for any short-circuit 

(regarding first opening). 

If the short-circuit persists the second opening will occur 

according to a pre-selected curve (50 function). 

After this second opening the circuit is opened 

mechanically and will wait for manual shutoff. This 

operational sequence provides excellent coordination 

with other elements of system protection. 

If the short-circuit is temporary, the system will verify 

that the current returned below the trip level after 

reclosing and not occur the second opening. 

Mechanical project 

The prototype was developed in such a way as to fit 

perfectly on fuse mountings, thus avoiding adaptation 

problems. Thus the operator can make a simple exchange. 

Figure 1 shows the prototype installed on fuse mountings. 

 
Figure 1 - Recloser prototype before its installation 

In Figure 2, it can be observed the virtual model of the 

prototype, as well as its maximum dimensions (in mm) 

and the layout of the components within the enclosure. 

 
Figure 2 - Mechanical project 

The prototype operates in two stages. In the first stage 

occurs the actuation of the solenoid 1 (Figure 3) internal 

to the enclosure - this operates vacuum interrupter - thus 

opening the circuit momentarily. In the second stage 

occurs the actuation of the solenoid 2 (Figure 3), located 

in the outside of the prototype, this operates a spindle-

lock (Figure 2 - item 2) to release a security mechanism, 

thus allowing the disarming of the switch as a fuse. 

 
Figure 3 - Internal components 

Block diagram 

Figure 4 shows the inner block diagram and immediately 

afterwards will be described each one separately. 

 
Figure 4 - Block diagram from recloser 

Vacuum interrupter 

The vacuum interrupter used in the project was the 

Sunway model TF413J maximum operation voltage of 24 

kV, nominal current of 630 A and maximum current 

interruption of 50 kA. 

The advantages of using this technique for short-circuit 

interruption are as follows: 

- The contacts are maintenance free throughout the 

lifetime of the recloser; 

- The interrupter has a longer life, compared to a 

mechanical switch using other technology; 

- It is necessary small amount of power to operate the 

vacuum interrupter, and this may operate in any 

orientation without loss of performance; 

- As the extinction of the electric arc is confined in a 

vacuum chamber, there is no need to design mechanism 

to put out the gas produced in this process; 

- The vacuum chamber does not affect the environment 

around it (not produce sparks). It means that it can 

operate in hostile environments; 

- With the vacuum chamber, the device can withstand 

high levels of voltage isolation in a reduced space of gap 

(a few millimetres); 
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- The interruption of the electrical short-circuit is 

obtained naturally when the current cross for the first 

time by zero after the separation of the contacts; 

- The components are environmentally friendly and can 

be recycled after the end of life. 

Solenoids 

The solenoid 1 is used for opening the interrupter. Its 

specification is 12 Vdc, a force of 80 Newton and 

maximum stroke of 10 mm. 

For energy savings and optimal operation of the solenoid 

opening, the electronic system operates generating a 

continuous signal during 1 second and a PWM signal 

(Pulse Width Modulator) of 60% duty-cycle for next 4 

seconds. 

The solenoid 2 is used for mechanically opening. It has 

12 Vdc power supply and 1 A work current. 

Bobbin of Rogowski and current transformer 

The bobbin of Rogowski is a transducer of current which 

has some advantages in relation to a current transformer: 

the linearity of the measurement across the entire range, 

the large frequency bandwidth in which the measurement 

can be performed, electrical isolation and reduced in size 

due to lack of ferromagnetic core. 

The current transformer is a common transducer which 

generates a signal 300 times lower than that measured for 

the battery charger. 

Main board 

In a simplified manner the system receives power through 

a current transformer. The power signal is replaced by a 

protection circuit and then enters into a circuit for 

charging the battery. The unit of energy storage (battery) 

is used to keep the power to the whole board. The battery 

feeds both solenoids: to drive the vacuum interrupter and 

openness of the system after a permanent short-circuit 

(Figure 5). 

The chosen microcontroller was MSP430 which gets 

current values from the measurement block. It has 

communication via UART with the radio block and 

through this radio values stored while equipment is still 

installed can be collected. 

The equipment has radio communication for initial setup 

of some variables and to transmit information about the 

current level and the status of the system. 

To charge the battery was placed a temperature sensor 

that ensures the safety of equipment in the event of 

excessive heating of the battery. 

 
Figure 5 - Block diagram for main board 

Firmware 

The main functions are scanning the RMS values of 

current and controlling the battery charge. When a short-

circuit is detected, pre-defined timer is started, and 

vacuum interrupter will open for the first time at the end. 

If the short-circuit persists (when system is re-energized), 

then is calculated a new timer value to open the 

interrupter again. After second opening the mechanical 

switch operates and the system will be open permanently. 

To re-start its operation is necessary an operator. 

This pre-defined time is a variable that can be modified to 

form the user's needs. 

The opening time for the second operation is calculated 

according to the standard IEC 60255-151 (Equation 1): 

𝑡(𝐺) = 𝑇𝑀𝑆 [
𝑘

(
𝐺

𝐺𝑠
)
𝛼
−1
+ 𝑐]    (1) 

Where: 

G – value of the measured current; 

Gs – value defined current as pick-up current; 

TMS = time multiplier setting (defined by manufacturer 

of protection relay); 

The other parameters vary according to the type of the 

selected curve (Table 1): 

Table 1 - Standard curves 

Curve Usual name k c α 

A IEC Inverse 0,14 0 0,02 

B IEC Very inverse 13,5 0 1 

C IEC Extremely inverse 80 0 2 

D 
IEEE Moderately 

inverse 
0,0515 0,1140 0,02 

E IEEE Very inverse 19,61 0,491 2 

F IEEE Extemely inverse 28,2 0,1217 2 

RESULTS FROM THE LABORATORY 

The assembly held in the laboratory, Figure 6, was 

attended by three resistive loads connected in parallel. 

They are in series with equipment under test (EUT), and 

three breakers. Thus it is possible to control the current 

according values: 30 A, 60 A or 90 A. 

In some tests, first pre-defined time was not used, just 

time calculated according selected curve (Table 1). 
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Figure 6 - Electrical diagram for laboratory tests 

These tests were carried out to check the operation of the 

equipment in the following conditions: 

- Permanent short-circuit; 

- Permanent short-circuit with a variation of the current 

value; 

- Temporary short-circuit; 

- Occurrence of two short-circuits in a smaller period 

than 1 minute (time used to reset the first fault detection). 

Permanent short-circuit 

The pick-up current was set to 40 A with a moderately 

inverse curve (curve D – Table 1). A current of 30 A was 

applied in a single-phase circuit breaker and then was 

passed on to 60 A, simulating a permanent short-circuit. 

In Figure 7, generated by the program of monitoring, it is 

possible to verify the time used to detect short-circuit and 

the full opening time of the interrupter. 

 
Figure 7 - Current versus time during tests 

Permanent short-circuit with variation of 

current value 

In this test the current applied started in 60 A (short time) 

and after some seconds, this value was increased to 90 A. 

Figure 8 shows the instant for variation of the current 

value and may be seen that the system continues its 

measurements even during all short circuit event. 

 
Figure 8 - Current versus time during tests 

Temporary short-circuit 

In this test was applied a short-circuit current of 60 A and 

removed during first opening interval. It can be seen from 

Figure 9, first opening and as system verifies that short 

circuit was temporary after reclosing, it returns to normal 

operation (standby mode). 

 
Figure 9 - Current versus time during tests 

Occurrence of two short-circuits 

In this test has been analysed the performance of the 

equipment when short-circuits occur within less than 1 

minute. In Figure 10, the equipment detects short-circuit 

and open interrupter for the first time, and then returns to 

normal operation (without short-circuit). Before one 

minute, another short-circuit occurs and it calculates the 

time (Equation 1) for the second and definitive opening. 

 
Figure 10 - Current versus time during tests 

It was carried out another series of tests involving another 

curve (IEC Extremely Inverse Curve) to verify 

performance of the equipment, considering a series of 

values for current (up to 6 kA), all of them shown in 

Figure 11. 

 
Figure 11 - Performance during a whole series of currents values 

Considering the range for values of current versus time, 

equipment operated correctly. 
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FIELD TESTS 

Equipment was installed in the field for a month. To 

collect the measurements, a data collector has stored the 

values every hour. 

The first test carried out was the mechanic: was sent a 

command to equipment and it was opened. The system 

operated perfectly and then operator closed the circuit 

with a hot stick as expected. 

The stored data are: battery voltage, battery temperature 

and current on power conductor. Here are the graphs of 

daily average of these measurements. 

Figure 12 shows voltage on battery terminals during the 

period, where it can be seen that nominal value, 12 V, 

was stable. 

 
Figure 12 - Voltage on battery terminals 

Another important factor to check is the value of battery 

temperature. It is important because if it is too high, 

lifetime of the battery is reduced. Figure 13 shows that 

the temperature did not exceed 35°C, fully acceptable 

value for a battery having a maximum value operating 

temperature of 45°C. 

 
Figure 13 - Battery temperature 

During the period in which the equipment was installed 

in the field there was no occurrence of short-circuit. 

However, it was also possible to evaluate the current 

behaviour in terms of RMS values that circulated on the 

cable, allowing the power utility could analyse the power 

flow in the feeder (Figure 14). 

 
Figure 14 - Current values during tests period 

 

CONCLUSIONS 

First tests were carried out in the laboratory to verify the 

performance for currents up to 90 A. Many situations 

were generated. During all them equipment operated 

satisfactorily, thus validating its operation. 

To validate its performance for higher current values tests 

were carried out in laboratory with a current source that 

provided up to 6 kA. During this test, equipment operated 

correctly, regarding the calculated time range to open and 

maintained its normal operation after the fault. 

Field tests were important to validate the operation of 

equipment and generated important secondary data such 

as battery voltage, temperature and load on the battery 

power. 

Analysing the whole development and its results, can be 

concluded that the expectations have been met and it was 

made new equipment that is between a recloser and a fuse 

link, providing low cost and improved characteristics to 

the power systems. 
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