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Abstract: Hands-on activities are one of the characteristics of vocational learning. Learners will
be triggered to activate their cognitive and psychomotor aspects with hands-on activities. These
activities involve training sets to support students in understanding some specific vocational topics.
The level of student understanding can be classified as the mastery of vocational-specific skills.
Learners with minimum vocational skills can be grouped as beginners. However, beginner learning
in vocational training is a considerable risk, and training sets have a high potential for damage.
Electronic training sets are especially prone to voltage installation errors, resulting in fatal damage.
Therefore, this study developed a relay-based short-circuit protection for the electronic training set.
The development process consists of identification, designing, circuit processing, and circuit testing.
This circuit was equipped with relay protection, a buzzer, and an LED short indicator. Drop-voltage
was utilized during the short-circuit to activate relay protection. A Zener diode (3V3 and 5V6) was
employed as a drop-voltage sensor and Op-Amp comparator. The test results reveal the circuit’s
functionality to protect against short-circuits on 5 V and 12 V direct currents. The operating principle
is that before the voltage hits zero (0), the relay will cut off the voltage line between the training circuit
and the power supply. This reduces the risk of damage due to faulty circuits or misconnections.

Keywords: hands-on activities; vocational; short-circuit protection; relay-based; electronic training set

1. Introduction

Vocational schools allow students to develop skills in specific fields [1]. As a result,
students are equipped with cognitive and psychomotor abilities to become experts in one
occupational field [2,3]. Therefore, psychomotor skills become a point of emphasis in
learning in vocational schools. One way to generate psychomotor abilities is to actively
utilize learning that triggers students to perform a skill with both hands, more commonly
known as hands-on activity [4,5].

Hands-on activity is essential in learning today at all levels of education, from kinder-
garten school to higher education. The focus of learning in vocational schools with a high
level of education with hands-on activities requires appropriate and adequate equipment or
media [6]. For example, learning media such as training sets are mandatory for vocational
schools to facilitate students’ skill development. Therefore, learning media has a vital role
in developing students’ abilities [7].

The term “learning media” refers to a device or facility that helps with communication
in the learning process [8]. In other words, learning media is a tool that can be employed
to help convey information or knowledge from teachers to students. Meanwhile, good
learning media is media whose development process goes through selection, design, and
production, and is used as part of the instructional system [9]. Based on this, good learning
media must result from a correct and appropriate design.
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Learning media are categorized into several groups, one of which is electronic training
sets. Electronic modules train learners to understand circuit work, from designing, as-
sembling, and recording to analyzing practical results. The electronic training set requires
voltage from the power supply to operate the entire circuit. Furthermore, this supply
voltage becomes vital for the training set circuit, and the supply voltage requirement is
adjusted to the electronic circuit’s specifications.

The voltage source from the power supply is what makes the electronic circuit work.
Therefore, the voltage source must be appropriately maintained to avoid damage. Two
possibilities can cause a voltage source to malfunction: overload and short circuit. A short
circuit is a type of damage to an electronic circuit power supply system that occurs due to
being hit by a lightning strike or the voltage being too large [10]. In addition, overloading
for a certain period can cause the power supply circuit to overheat, and then cause damage.

In learning media development, it is mandatory to pay attention to safety guidelines
for users and devices. Protection for users is provided by means of appropriate signs or
standard operating procedures (SOP). At the same time, not only SOPs of practice modules
require a good safety system or facilities [11]. The safety system consists of materials,
an ergonomic shape, and an electronic safety device. Electronic protection/safety can be
divided into overcurrent protection, short circuit protection, protection from overheating,
and protection from installation errors [12].

One focus of this developmental research is to develop a protection system for the
electronic circuit module from the occurrence of short circuits. Observations and data
collection results from courses that use electronic circuit modules state that human errors
which cause damage to occur due to incorrect voltage source installation. One of the errors
is the occurrence of a short circuit in the power supply line, and the fault cannot be directly
seen or detected. As a result, in the long term, this can cause damage to the electronic
circuit module or the power supply circuit.

Based on this background explanation, this developmental research is designing and
assembling short-voltage protection circuits. Furthermore, focusing on safety for the direct
voltage will be utilized for electronic training sets in learning media in vocational schools.

2. Research Methodology

This study employed a Developmental Research approach. Developmental research is
research to design, develop, and evaluate instructional programs, processes, and products
that must meet the criteria of consistency and effectiveness [13]. Figure 1 is the Develop-
mental Research model adopted in this study.
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Figure 1. Developmental Research procedures [13].

Stage 1: We studied the design, development, and evaluation components, including
studying the voltage training set to be secured, short voltage detection system, and direct
current (DC) voltage safety principle. Next, the necessary components are identified.

Phase 2: The design, development, and evaluation of procedural model development,
including designing an electronic system for short circuit detection and protection, were
completed. Afterwards, a thorough design review was carried out, and an electronic circuit
was assembled on a printed circuit board. The final step of this stage was testing on the
board circuit to obtain the performance through functionality testing, as well as detection
response for short circuit safety.

Stage 3: We present our generalized conclusion, including concluding the short circuit
voltage safety circuit test results, based on the data obtained.
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The research was conducted at the Power Electronics Laboratory, Department of
Electrical Engineering Education, Faculty of Engineering, Universitas Negeri Yogyakarta.
The test involves several measuring instruments, such as a multimeter and an oscilloscope.

3. Result and Discussion
3.1. Developmental Result

The results of the assembled circuit development were divided into three main parts
(as in Figure 2), namely Short Voltage Detection (SVD), Short Voltage Protection (SVP), and
Short Voltage Alarm (SVA). The SVD section consisted of LM358 as a comparator and a
Zener diode as a reference voltage of the comparator. If the input voltage was detected to
be lower than the comparator voltage, it would trigger the comparator to generate a trigger
signal to activate the protection system.
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Figure 2. Short voltage protection circuit.

The second part was the SVP, which consisted of a driver transistor and a safety relay.
The function of the transistor driver was as a switch to activate the safety relay. This
transistor would become active if it received a trigger signal from the comparator in the
short circuit voltage detection circuit. At the same time, the relay was selected with one
common and two output terminals. Furthermore, the relay was used in the Normally Close
(NC) position as a connector of the supply voltage, while it was used in Normally Open
(NO) as a voltage breaker in the event of a short circuit.

The third part is the SVA, which consisted of a one-way diode, transistor, and buzzer.
The function of the one-way diode was to prevent the trigger signal back from one of the
trigger lines to the SVP circuit. This was because the two trigger signal outputs from the
SVD were connected through a one-way diode to activate a buzzer. The transistor here
was used as a switch that would become active if it were to receive a trigger from the SVD
circuit. If the transistor is active, the buzzer will also work, generating sound.

A prominent note from this research is that the Zener in the SVD circuit was varied to
determine the fast response of the short voltage detection.

After going through the study of the design and component stages, the development of
hardware into assemblies on a circuit board was carried out according to the proper layout
rules, as shown in Figure 3. The applied rules included arranging the circuit connection
terminals on the edge, so that the other active components would have a safe distance.
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Figure 3. DC short voltage protection assembled.

The next stage is the evaluation or testing stage of the circuit. The oscilloscope was
used to read the circuit response signal to the short voltage time, as shown in Figure 4. The
response time determines the most effective Zener diode value for the protected supply
voltage. The response time in Figure 4 is divided into two parts: the work response time,
which is seen from high to low waveforms (falling edge), and the response time back to a
normal voltage, which is seen from low/common to high waves (rising edge). At the same
time, the lowest stress point was taken at the bottom of the lowest point of the waveform.
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Figure 4. Short circuit protection signal on the power supply line to the training set.

The Zener typical voltage used for 5V regulated supply is 2.7V to 4.7V. Therefore, if
the Zener cut voltage was more than 5V, the sensor in a comparator would always be active.
Table 1 shows the average time obtained. The short-circuit sensor response time was 4 ms
before the relay cut off the voltage, indicating a short circuit. The short circuit experiment
was performed five times on each Zener typical voltage in order to obtain accurate data.

Table 1. Response time SVD circuit.

Response Time (Falling Edge) in ms

Data
No.

Zener 2.7V Zener 3.3V Zener 3.9V Zener 4.7V Zener 5.6V Zener 7.5V Zener 10V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

1 4 8 4 4 4 4 4 4 x 4 x 4 x 4
2 4 8 4 4 4 4 4 4 x 4 x 4 x 4
3 4 4 4 4 4 4 4 4 x 8 x 4 x 4
4 4 4 4 4 4 4 4 4 x 4 x 4 x 4
5 4 8 4 4 4 4 4 4 x 4 x 8 x 4

mean 4 6.4 4 4 4 4 4 4 x 4.8 x 4.8 x 4

Notes: x = Zener voltage more than regulator specification voltage.

As for the time it took for voltage to rise to normal levels (5V or 12V DC), the results
varied (Table 2), especially on the SVD sensor, at a voltage of 12V. At a voltage of 5V, the
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relative time was the same (4 ms). At the same time, the data on the rising time of the
voltage rises returned at the 12V level, growing smaller on the 10V SVD Zener, i.e., with an
average of 16 ms.

Table 2. Time of voltage returns to normal.

Voltage Rise Time to Normal Level (Rising Edge) in ms

Data
No.

Zener 2.7V Zener 3.3V Zener 3.9V Zener 4.7V Zener 5.6V Zener 7.5V Zener 10V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

1 4 42 4 26 4 26 4 20 x 16 x 16 x 12
2 4 42 4 26 4 26 4 22 x 18 x 16 x 16
3 4 46 4 26 4 26 4 20 x 12 x 20 x 16
4 4 46 4 26 4 26 4 20 x 16 x 16 x 16
5 4 42 4 26 4 26 4 20 x 16 x 12 x 16

mean 4 43.6 4 26 4 26 4 20.4 x 15.6 x 16 x 15.2

Notes: x = Zener voltage more than regulator specification voltage.

The final data to be observed was the lowest response voltage of the SVD circuit, as
shown in Table 3. When a short circuit occurs, the voltage drop (falling) is close to zero. If a
positive voltage occurs, a long-lasting short circuit will damage the regulator circuit. This
is what must be avoided in the process of short circuits. By detecting the lowest voltage, as
shown in Table 3, it can be determined which detection sensor is the safest. The higher the
low voltage when short-circuited, the safer the training set circuits for learning. Table 3
shows that the highest voltage response was 6V, and the lowest voltage response was 0.6 V.

Table 3. Lowest voltage responses.

Low-Level Voltage in V

Data
No.

Zener 2.7V Zener 3.3V Zener 3.9V Zener 4.7V Zener 5.6V Zener 7.5V Zener 10V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

Reg
5V

Reg
12V

1 0.6 3.5 1 2 1.4 4 1 2 x 3.5 x 1.5 x 1
2 1 3.5 2 3 1.2 1 3.5 3.5 x 3 x 4 x 1
3 1.8 1.5 2.4 1.5 2 1 1 2 x 6 x 4 x 2.5
4 1.8 1.5 3.6 2.5 1.4 2 1 3.5 x 3.5 x 2 x 1.5
5 0.4 3.5 2.8 2 1 3 1 3.5 x 4 x 2.5 x 1.5

mean 1.12 2.7 2.36 2.2 1.4 2.2 1.5 2.9 x 4 x 2.8 x 1.5

Notes: x = Zener voltage more than regulator specification voltage.

3.2. Discussion

The short circuit protection for the 5VDC voltage with the best working response time
was 4 ms, and the voltage rising time to normal levels was 4 ms. These data show that the
speed of the system in detecting and responding with protection measures in the event
of a short circuit worked well. The lowest voltage occurred when the short circuit was
3.6 V, with a 3.3 V typical Zener diode voltage. The circuit worked very well if the lowest
voltage was higher than the ground voltage (0). Figure 5A is a good performance response
waveform of a short circuit breaker with a 3.3 V typical Zener diode voltage.
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The orange line in Figure 5A shows the response time and the rising voltage time
to normal at the output of the IC regulator when a short circuit occurred. The blue line
indicated that the relay was working to break the voltage line by the sensor in SVD.
However, by disconnecting the voltage from the source, it takes time to reach 0 due to the
mechanical relay.

Furthermore, short-circuit protection for the 12VDC supply showed the best response
time, at 4 ms, and also showed a rising voltage time to normal levels of 12 ms. This rising
time is much longer than the 5VDC supply. The long response time is because the higher the
voltage, the more time the process of charging the capacitor in the regulator and returning
the rising voltage to normal takes. The lowest voltage of the short circuit protection at
12VDC supply voltage was 6 V with a 5.6 V typical Zener diode. Although the Zener diode
was enlarged, the best lowest voltage value was the 5.6 V typical Zener voltage.

The protection system in an electronic or electrical system must be made to maintain
the user’s safety and the device itself. Various types of protection are used in electrical
science, including protection components such as fuses [14], mechanical systems such as
circuit breakers [15], or relay-based or solid-state electronic protection systems [16]. Each
type of protection has its advantages and uses to its range specification. Hence, selecting
the proper electrical protection to provide safety for the user and the device reduces the
cost of maintaining the system [17].

The protection system in this study was selected using a relay (mechanical) with a
good lifetime capability and reliability to high short-circuit currents [18]. In addition, the
relay protection system, combined with electronic SVD, will increase work effectiveness
and reduce maintenance costs [17]. This is because this system was built so that when a
short voltage occurs, it will work to cut off the power supply line, and if it is an open-short
voltage, the system will reset. This occurs so that there are no components that must be
replaced after a short voltage occurs, unlike with the fuse component, which breaks after
an open-short voltage and must be replaced again.

The protection system developed in this study performs effectively and provides
optimal device safety. This is expressed in Figure 5, which shows that the voltage during
a short circuit does not reach zero (0). Therefore, the power supply system will not be
burdened by over currents for a long time, which will cause damage. Therefore, in addition
to guaranteed protection for the training set, it will also have a comfortable impact during
students’ hands-on activities for developing skills in specific fields.

Student activities, such as assembling an electronic circuit (hands-on) on the training
set, will be protected from damage due to short circuits. Student anxiety related to the
potential for damage to the training set will be reduced [19]. Therefore, our strategy will
increase students’ confidence to participate in hands-on activities [20].

4. Conclusions

The relay and buzzer actively indicated that the short voltage protection circuit works
well. More specifically, the best response time for 5VDC supply was 8 ms at 3.3 V typical
Zener, and the best response time for 12VDC supply was 16 ms at 5.6 V typical Zener.
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However, using the correct typical voltage of the Zener diode affects the time that protection
circuit performance needs to break the power supply line.

Limitation and Future Suggestion

This study uses a Developmental Research approach that focuses on designing, de-
veloping, and testing tools. As a tool that supports hands-on learning activity, this study
tests until the circuit functionality stage. Therefore, further research can be carried out by
testing the learning process with a sufficient sample of students, in order to determine the
benefits of the device for the related dependent variable.
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