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Figure 0: Many industries rely on the accurate measurement of temperature 

This lab explores the thermo-resistive properties of a thermistor. A two-point calibration will be applied to the sensor and it thermal time-constant will be determined using a step input.

[bookmark: _Toc516839804]Learning Objectives

After completing this lab, you should be able to complete the following activities:

· Apply a 2-point calibration to a thermistor 
· Determine the -constant of a thermistor
· Apply a low-pass filter to the thermistor output
· Determine the thermal time-constant of a thermistor using a step input


[bookmark: _Toc516839805]Required Tools and Technology

	Platform: NI ELVIS III
	· View User Manual 
http://www.ni.com/en-us/support/model.ni-elvis-iii.html

	Hardware: Quanser Mechatronic Sensors Board
	· View User Manual
http://www.ni.com/en-us/support/model.quanser-mechatronic-sensors-board-for-ni-elvis-iii.html

	Software: LabVIEW
Version 18.0 or Later
Toolkits and Modules:
· LabVIEW Real-Time Module
· NI ELVIS III Toolkit
	· Before downloading and installing software, refer to your professor or lab manager for information on your lab’s software licenses and infrastructure
· Download & Install for NI ELVIS III
· http://www.ni.com/academic/download
· View Tutorials
· http://www.ni.com/academic/students/learn-labview/

	Accessories: 
· Thermometer
· A small piece of clear tape
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In this lab, you will collect the following deliverables:

· Fingertip temperature measured using a thermometer
· Steady-state thermistor output when measuring fingertip temperature
· Calculate the resistance of the thermistor when measuring finger temperature
· Determine the -parameter of the thermistor
· Determine the thermal time constant of the thermistor under different conditions

Your instructor may expect you to complete a lab report.  Refer to your instructor for specific requirements or templates.



[bookmark: _Toc516839807]Section 1: Measuring Temperature using a Thermistor

[bookmark: _Toc516839808]1.1 Theory and Background

What is a Thermistor?

There are several different types of transducers available to measure temperature: thermocouple, resistance temperature detector (RTD), thermistor, and integrated circuit type. Each has their own advantages and disadvantages. Integrated circuit type sensors are low cost and have a linear output, but because they are mounted on a PCB they are board-layout dependent. Thermocouples have a wide temperature range, are relatively cheap, and are easy to use but are the least stable and sensitive. An RTD, on the other hand, is most stable and accurate of the sensors but is slow, has a fragile construction, and is relatively the most expensive. A thermistor responds very quickly, and has the highest sensitivity but has a limited temperature range. Figure 1-1 compares the typical sensitivity of the three temperature sensors.

[image: C:\Users\amolki\Desktop\Thermistor Lab0.png]
Figure 1-1: Comparison between the sensitivity of thermistors, RTD, and thermocouples
Thermistors differ from thermocouples in that they are resistive sensors with the latter being a voltage generating sensor. Because a current must be passed through a thermistor, it is susceptible to Ohmic heating. This self-heating manifests itself in the form of measurement error. Figure 1-2, illustrates various shapes of common thermistors.

	[image: C:\Users\amolki\Desktop\QNET Mechatronic Sensors - Thermistor - Concept Review.jpg]
(a) board-mount type
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(b) string type


Figure 1-2: Different types of common thermistors manufactured by Murata

As a resistive sensor, the resistance of a thermistor is dependent on temperature. The relationship between the resistance of the thermistor, RT, and temperature, T, can be described using the -parameter equation:

Equation 1-1


where R0 is the nominal resistance of the sensors at temperature T0 in Kelvin, and  is a parameter which depends on the material, temperature, and construction of the thermistor and typically ranges between 3,500-4,700 K. For the thermistor on the Mechatronic Sensors board, the nominal sensor resistance is:

R0 = 47,000 ohm

when the temperature is at 25 degrees Celsius or:

T0 = 298.15 K

The  -parameter equation provides an acceptable estimation of the measured temperature in applications that have a narrow temperature span (typically less than 20°C). The -parameter can be established using two temperature reference points.
A more accurate estimation temperature (±0.01°C over a 100°C span) can be made using the Steinhart-Hart equation as given in Equation 1-2:

Equation 1-2


where A, B, and C are the Steinhart-Hart parameters which are determined by means of a 3-point calibration process, and RT is the resistance of the thermistor at temperature T in Kelvin.

NTC and PTC Thermistors

Two types of thermistors are available: Negative Thermal Coefficient (NTC) and Positive Thermal Coefficient (PTC). The resistance of an NTC thermistor decreases with an increase in temperature. Conversely, the resistance of a PTC thermistor increases when the temperature increases. NTC thermistors are more sensitive compared to PTC thermistors, and therefore exhibit a much higher change in resistance when exposed to the same levels of temperature.

Measuring the Output of a Thermistor

Similar to most resistive sensors, the output of a thermistor is measured using a voltage dividing circuit. Figure 1-3 illustrates the voltage dividing circuit used in the Mechatronic Sensor board, where the thermistor is labeled as RT.

Using the voltage divider rule, the output voltage of the circuit shown in Figure 1-3 is by Equation 1-3:

Equation 1-3

[image: C:\Users\amolki\Desktop\Thermistor.png]
Figure 1-3: Thermistor circuit used in the Mechatronic Sensors board

Time Response of a Thermistor

Temperature sensors respond differently to changes in their input. For example, a liquid-filled bulb thermometer when taken outside on a cold winter day responds slowly to the change in temperature. In other words, the bulb thermometer does not instantaneously respond to a change in temperature. Time response is a measure of the time it takes for a sensor to respond to change. Typically sensors with fast response times are desirable.

Thermal Time Constant

Thermal time constant () is a measure of a sensor’s response to change and is defined as the time it takes for the sensor’s output to reach 63.2% (= 1-1/e) of the steady-state condition from an initial condition.

Figure 1-4, illustrates a typical time response curve. It shows how a sensor’s output behaves as it reaches steady-state. As shown in Figure 1-4, after one time constant () the system output reaches 63.2% of its steady-state value, after 2 time constants (2) the system reaches 86.5% of its steady-state value, and 95% is reached after 3 time constants (3). Theoretically, steady-state is achieved after infinite time, in practice, however, one waits until the output of the system or sensor is within an acceptable margin of error (typically 3 time constants). In thermal applications, time constants are typically large. Thermistors typically have a time constant of 0.5-4 seconds.

[image: C:\Users\amolki\Desktop\Thermistor Lab4.png]
Figure 1-4: Time constant curve
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The Virtual Instrument (VI) used to collect data from and calibrate the thermistor is shown in Figure 1-5.

[image: ]
Figure1-5: VI for collecting data from the thermistor
Collect Data

1. Prior to starting this experiment, measure the temperature of your thumb using a thermometer and record the value in Table 1-1.

Note: In order to successfully conduct this experiment, your fingertip temperature must exceed 30 °C.

2. Open Mechatronic Sensors Board.lvproj
3. From the Project Explorer window, open Mechatronic Sensors - Thermistor.vi
4. Click on the Collect Data tab.
5. Run the VI.
6. Wait for the Initialized? LED indicator to turn on.
7. Gently place your fingertip on the thermistor and examine and take a screenshot of the response.

Note: If the output of the sensor is noisy, enable the Low Pass Filter button. The process filtering attenuates unwanted components from the sensor output, resulting in a “smoother” output signal. 

8. Using the Uncalibrated Output waveform chart, observe the corresponding sensor output when it reaches steady-state (after approximately 15 s). Record the value in Table 1-1
9. Continue to the next section.
	
Table 1-1: Recorded fingertip temperature and steady-state sensor output
	Fingertip Temperature (°C)
	Sensor Output (V)

	
	



Calibrate the Thermistor

10. Using the steady-state output of the sensor from the data collection section and Equation 1-3, determine the resistance of the thermistor. Record this value in Table 1-2.
11. Using the temperature of your fingertip, which you determined in the data collection step and Equation 1-1, determine the -parameter of the thermistor. Record this value in Table 1-2. The nominal resistance of the sensor is R0 = 47,000 ohm at 25 °C.

Table 1-2: Sensor resistance and -parameter
	Sensor Resistance (ohm)
	Calculated -parameter

	
	




12. In the VI, click on the Calibrate Sensor tab to calibrate the output of the thermistor in terms of temperature (in °C).
13. Enter the -parameter you calculated for the thermistor using the B numeric control.
14. Test if the calibrated temperature closely matches your fingertip temperature which you measured earlier. To do this, gently place your fingertip on the sensor and verify that the correct fingertip temperature is displayed in the Calibrated Output waveform chart as well as the Temperature (C) thermometer indicator.
15. Press the Stop button.

[bookmark: _Toc516839810]1.3 Analyze

1-1 What is the temperature of your fingertip that you recorded in Table 1-1?

1-2 What is the steady-state voltage output of the thermistor that you recorded in Table 1-1? Was the signal noisy? Attach a screenshot of your results.

1-3 What is the resistance of the sensor that you recorded in Table 1-2? Show your calculations.

1-4 What is the -parameter of the thermistor that you recorded in Table 1-2? Show your calculations.

1-5 In step 14, how closely did the calibrated fingertip temperature match the temperature you recorded in Table 1-1?

[bookmark: _Toc516839811]Section 2: Design Considerations

2-1 Assume that you are tasked to select a thermistor to measure the temperature of the air inside a duct. A design constraint requires that the output of the sensor reaches steady-state in less than 5 seconds so that a safety valve can be operated to avoid overheating the system. Determine if the thermistor used in the Mechatronic Sensors Board meets this design criterion. Assume steady-state is reached after 3 time constants.

Hint: In order to examine the suitability of the sensor you must determine its thermal time constant by following these steps:

· Run the VI and ensure the following: 
· If the sensor output is noisy, click on the Collect Data tab to activate the low-pass filter.
· Click on the Calibrate Sensor tab and enter the -parameter you determined earlier in the B numeric control.
· Click on the Thermal Time Constant tab.
· Gently place your fingertip on the thermistor and examine the response using the Calibrated Output waveform chart.
· Once the sensor output has reached steady-state, click the Plot button. The response of the sensor will be captured in the Thermal Time Constant waveform graph as shown in Figure 2-1.
· Using the Cursor tool and the information provided in the Theory and Background section, determine the thermal time constant of the thermistor.

[image: ]
Figure 2-1: Typical thermistor response
2-2 While conducting this lab, you may have observed noise in the sensor output. To remedy this problem, the VI implements a software-based low-pass filter. A low-pass filter allows frequencies that are lower than a predefined cut-off to “pass”, while “blocking” or attenuating the remaining frequency information. This results in a “smoother” output signal. The downside of filtering is that it slows the response of the sensors. In this experiment, when you place your fingertip on the thermistor, your body acts as an antenna, attracting unwanted electromagnetic interference (EMI) from the environment. A common source of EMI includes AC power lines.

An alternative method of attenuating thermistor noise is to electrically insulate the sensor from touch. This can be achieved by covering the thermistor with a small piece of clear tape or cling wrap. Placing such barrier will electrically insulate the sensor from your fingertip, while allowing heat to be exchanged with the sensor.

Figure 2-2 contrasts the thermistor’s raw (unfiltered) output with the following cases: when LPF is switched on, and when the clear tape is placed on the sensor. The results indicate that placing a piece of clear tape on the sensor does a reasonably good job at filtering unwanted noise! 

[image: C:\Users\amolki\Documents\Untitled.png]
Figure 2-2: Thermistor raw and filtered responses
Your task is to observe the effectiveness of using a small piece of clear tape or cling wrap to attenuate thermistor noise. Record screenshots similar to those shown in Figure 2-2. Additionally, determine the thermal time constant of the thermistor when the clear tape is placed on the sensor (turn off the LPF during your investigation). Does your result indicate a slower responding thermistor?
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