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Abstract. This paper aims to analyze a series of temperature control systems using the Positive Temperature Coefficient (PTC). PTC is a thermistor that uses temperature to trigger changes in its internal resistance. If the temperature around the PTC rises, the resistance will also increase and if the temperature around the PTC drops, the PTC resistance will decrease. This temperature control system uses an AC voltage source of 220 V with 50Hz. The phase of this voltage source will be connected parallel to a heater in the form of a 75 W with 220 V incandescent lamp, and to the transformer and connected to a diode and a 100 µF capacitor. Furthermore, this incandescent lamp or heater is connected to the TRIAC, then the gate leg on the TRIAC is connected to a resistor which has a resistance of 68 Ohms, then connected to a switch and connected to a PTC. One of the legs on the TRIAC is paralleled with a resistor which has a resistance of 100 Ohm and is in series with a capacitor with a capacity of 100 µF. The results of the PTC experiment as a temperature sensor brought closer to the heater (lamp) then the circuit is connected to an AC voltage source of 220 V.



Kata kunci : temperature control, sensor, PTC.

1. Introduction
In the elaboration of thermodynamic principles, temperature is related to heat, because it is known that heat flows from high temperature to low temperature. In principle, the concept of temperature is important in almost all branches of natural science. Therefore it is necessary to have mastery and understanding of methods for measuring temperature (degrees of heat and cold). One of the tools used to take temperature measurements is a temperature sensor. A temperature sensor is a sensor that is used to detect symptoms of temperature changes in certain dimensions of objects or dimensions of space. The temperature sensor is mostly a device that converts a physical quantity (heat) into an electric signal because the material properties change [1].

Thermistor temperature sensor is a temperature sensing element consisting of semiconductor material which shows changes in the resistance value if the temperature on the thermistor temperature sensor changes. In a self-heated state, the characteristics of the thermistor temperature sensor are described by the current-voltage model I (U) in a thermally stable state in air [2] [3]. The use of manual tools is considered common, and takes a long time. Likewise, the operation of the temperature sensor calibration system, the data obtained manually is less accurate. This is because when collecting data manually, the retrieval time does not match the sensor equilibrium time, in other words there is a time difference between data collection and sensor equilibrium time [4] (Herman Syahputra et al, 2014).
There are various types of temperature sensors on the market, namely NTC (Negative Temperature Coefficient), PTC (Positive Temperature Coefficient) and LM-335. PTC (Positive TemperatureCoeffisient) temperature sensor is a resistor whose resistance value can vary according to temperature. The higher the temperature, the greater the resistance value and vice versa. The PTC thermistor temperature coefficient is positive only at certain temperature intervals, so that outside this interval it will be zero or negative [5].

This research is to design and make a temperature measurement system using a temperature sensor. The temperature sensor that is used in this research is an integrated temperature sensor, namely PTC which converts resistance as a function of temperature into a voltage on a scale of 10mV / oC. PTC components can operate from temperatures of -50oC to 1500C [6].
PTC (Positive Temperature Coefficient) made of BaTiO3, a liquid solid substance from BaTiO3 and SrTiO3 is analogous to the method used for the preparation of making NTC thermistors. A certain extra number of Ti ions is generated by introducing other ions which have different valences [7] [8].

Change in resistance can be done by maintaining the current and determining the potential difference using a very sensitive potentiometer. The Wheatstone bridge is a circuit that can be used to detect the temperature of the PTC temperature sensor with the principle of changing resistance as a function of temperature. The equation that is often used to determine changes in resistance to temperature changes is as follows: RT = Ro (1 + α∆T), where RT is the resistance (ῼ) after a change in temperature ∆T (oC), Ro is the resistance before there is an increase in temperature ( ῼ), ∆T temperature change in oC and α temperature coefficient of specific resistance (1 / oC) [9].

PTC is a non-polar component so that in the installation of an electronic circuit there is no need to pay attention to polarity, so that it can be installed back and forth. In the pictures below, some examples of the use of these thermistors are shown. The uses of PTC include: (1) PTC to limit peak currents at start; (2) PTC application as a regulatory measure; (3) PTC application as a safety overload or short circuit; (4) PTC application as a time delay. When practicing using PTC, you should not apply a voltage above the allowable voltage of a PTC, as this can cause damage to the thermistor. And also avoid connecting the thermistor in series to obtain a large voltage or power, because this can allow damage to the PTC that is heated earlier than the others, caused by the excessive voltage drop on it [10].

2. Temperature control using a PTC 
In this experiment used the modules of temperature control with a PTC. Data collection was carried out immediately. The overall system design includes a mechanical design in the form of an electronic module that controls temperature with a sensor as a switch. The temperature parameter becomes important which is processed with the system to control it so that the results are as expected. To determine the amount of temperature that works on the system, an electronic sensor is used in the form of PTC. The heater temperature comes from the heater in the form of a 75 Watt / 220V lamp. In the temperature control system T is the variable to be controlled. In this case the temperature is measured using a thermometer to find out the amount of temperature. The temperature control circuit with PTC can be seen in Figure 1.
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Figure 1 . Temperature control circuit with PTC
In this circuit, PTC also uses TRIAC as a power controller. The work of the TRIAC will be influenced by the amount of gate current and the gate current will be influenced by the size of the resistance in the PTC. Triac is composed of five layers of semiconductors which are widely used in electronic switching. Triac is also called a bi-directional thyristor. The triac is two SCRs connected in parallel opposite to the common gate terminal. Unlike the SCR, which only passes voltage with positive polarity, the Triac can be triggered with positive and negative polarity voltages, and can be turned on by using an alternating voltage on the Gate. Triacs are widely used in circulating and switching circuits. Triac will only be active when the polarity on the anode is more positive than the cathode and the gate is given a positive polarity, and vice versa (Denny S. Tandi Salu et al, 2013).
This PTC temperature control circuit uses an AC voltage source of 220 V / 50 Hz. The voltage source is then connected to an incandescent lamp as an indicator and also as a heater or heater. Then the heater is connected to the A1 pin on the triac and connected in parallel with a resistor with a capacity of 68K Ω, the resistor is connected in series with a capacitor with a capacity of 100 µF. Then, the gate leg (G) on the triac is connected in series with a resistor with a capacity of 100K Ω and is connected to a switch (togle switch), this kind of switch is an exchange switch that has 1 input and 2 outputs. One of the output pins of the switch is connected in series with the PTC input, then the PTC output leg is connected to the second output leg of the switch, at the second output leg of the switch there is a branching point connected to a diode and a capacitor with a capacity of 100 µF. Furthermore, from an AC voltage source of 220 V / 50 Hz it is also connected to a transformer or transformer which is then converted into a lower voltage, and converted to DC voltage with a diode. System design can be done by making a circuit using a module or with a flow chart arrangement such as in Figure 2.
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Figure 2. Flowchart of system design
3. Finding and discussions
This section will discuss about the results of testing and analysis of a temperature control system using PTC.
Room temperature
: 30
C

Initial resistance PTC
: 30
Ω

Final resistance PTC
: 300
Ω

The first experiment was carried out by observing the temperature using the first measurement thermometer to get initial data where the first time the circuit worked, the following is Table 1 when the circuit works.

Table 1. When the lights turn on
	Temperature
	Ig (mA)
	Ibeban (mA)
	Va1-a2 (V)
	Va1-g (V)
	Va2-g (V)
	VPTC (V)

	40
	34
	0,23
	0,51
	0,82
	0,5
	0,4

	50
	34
	0,23
	0,51
	0,82
	0,5
	0,6

	60
	31
	0,23
	0,62
	0,82
	0,6
	1

	70
	29
	0,23
	0,71
	0,92
	0,9
	1,8

	80
	21
	0,23
	0,71
	0,92
	1,2
	4

	83
	14
	0
	1,2
	1
	1
	4


In this circuit, the 220V medium source, which was originally AC using a transformer and diode is converted into a DC voltage, the PTC is connected to the triac and when the heater light switches on, this is because the temperature around the PTC is only 40ºC and the current at the gate still shows a number large, which reaches 34 mA. When the temperature in the lamp increases, the temperature at the PTC also increases, seeing the working principle of PTC, namely the higher the temperature, the higher the resistance contained in the PTC, this will result in the current flowing through the circuit. the more obstructed so that it will cause obstruction of the current flowing at the gate leg (Ig), therefore the current in the lamp or heater (I load) will also be smaller until it reaches the lowest point, namely 0, until it will eventually die.

The second experiment was carried out by observing the temperature using a thermometer when the light circuit was off, measuring the current at the gate and the current at the load (lamp), and voltage measuring on Va1-a2 (V), Va1-g (V), Va2-g (V), VPTC (V). Table 2 presented the performances when the lights turn off
Table 2. When the lights turn off
	Temperature
	Ig (mA)
	Ibeban (mA)
	Va1-a2 (V)
	Va1-g (V)
	Va2-g (V)
	VPTC (V)

	90
	0
	0
	5
	0
	0
	8

	70
	0
	0
	5
	0
	0
	8

	60
	0
	0
	5
	0
	0
	8

	50
	0
	0
	5
	0
	0
	7,5

	40
	0
	0
	5
	0
	0
	7,5


Furthermore, when the PTC sensor reaches the maximum limit, the resistance at the PTC will be very large so that it will cut off the current flow and cause the lamp to turn off, so that the lamp temperature will drop and the current in the triac will also drop to reach the lowest point. The second experiment above is when the resistance at the PTC reaches its maximum point, which results in blocking the current flowing in the circuit. Therefore, the lamp turns off when the current flowing in the lamp is small. Then the next step is to keep measuring the temperature around the lamp or heater to find out the changes that occur at each point of temperature change. In the table of the second experimental results, it can be seen that the lamp turns off at a temperature of 90 ° C with the current at the load being 0. The temperature continues to fall, and the current at the gate leg remains at 0 mA up to a temperature of 400.

Then, temperature observations were made using a thermometer when the light circuit was turned on again, measuring the current at the gate and the current at the load (lamp), and measuring the voltage on Va1-a2 (V), Va1-g (V), Va2-g (V), VPTC (V). Table 3 presented the performances when the lights turn on again.

Table 3. When the lights turn on again.
	Temperature
	Ig (mA)
	Ibeban (mA)
	Va1-a2 (V)
	Va1-g (V)
	Va2-g (V)
	VPTC (V)

	60
	2,2
	3,2
	16
	80
	0,8
	7

	70
	4,1
	4,3
	16
	78
	0,8
	7,2

	75
	0
	0
	16
	1,5
	0,8
	7,2


4. Conclusion 
PTC is a thermistor that uses temperature to trigger changes in its internal resistance. If the temperature around the PTC rises, the resistance will also increase and if the temperature around the PTC goes down, the PTC resistance will decrease. The first experiment when the temperature in the lamp increases, the temperature at the PTC also increases, seeing the working principle of PTC, namely the higher the temperature, the higher the resistance contained in the PTC, this will result in the current flowing through the circuit will be increasingly obstructed so that it will cause obstruction. the current flowing at the gate leg (Ig), therefore the current in the lamp or heater (I load) will also be smaller until it reaches the lowest point, namely 0, until it will eventually die. When the lamp is turned off, the experimental results can be seen, namely the lamp turns off at a temperature of 90 ° C with the current at the load is 0. This decreases until the temperature is 400. Then the lamp turns on again.
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