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Abstract 

Thermometers are used in medicine to take the core body temperature of patients. 

Currently, mercury thermometers are used commonly to take temperatures in developing 

countries (Doherty 2009). These thermometers are not especially durable and are harmful to the 

environment and people. With their unpredictable funding, emerging countries cannot always 

purchase new thermometers. The goal of this project is to create a functional, low-cost, and 

durable handheld thermometer, which will operate with the MedCal. The thermometer will be 

accurate within +/- 1 °C of the patient‟s true temperature within the range of 32-42 °C. It will 

acquire temperature using a thermistor within 20 seconds of placing in one‟s mouth.  
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Problem Statement 
Emerging countries are in need of a durable, low-cost thermometer to operate with the 

MedCal, a handheld medical output device.  The thermometer's incorporated circuitry should 

produce accurate temperature measurements through the use of a human interface. 

 

Background  

Medecal is a University of Wisconsin initiative to develop an economical medical 

technology platform to make healthcare technology affordable and available in emerging 

countries (Baran 2009).  The current focus is on respiratory and lung diseases.  In addition to the 

low-cost equipment, an output device called the MedCal is under development.   

The MedCal (Figure 1) is a compact, handheld medical calculator, which operates with 

multiple low-cost devices including the thermometer, pulse oximeter, and spirometer.  The 

MedCal will power itself and any devices attached to it using a 9 or 12 V lithium-ion battery.  

The user interface will have a minimal number of inputs to simplify use.   

 
 

Figure 1: Prototype of MedCal 

 

 Core body temperature is important for determining the physiological state of an 

individual.  It can evaluate various physical conditions including shock and infection (Webster 

1998).  The proximity of the temperature reading to the actual core temperature differs according 

to the site of measurement.  For instance, oral measurements are lower than core temperature by 

approximately 0.5 °C and rectal measurements are lower than core temperature by as much as 2 

°C (Webster 2004).   

Emerging countries differ from more developed countries in several ways.  Hospitals in 

emerging countries often have staff with limited technical knowledge and consequently if 

something breaks, they will often not know how to repair it.  This causes the equipment to have a 

reduced useful lifetime.  Furthermore, it is unknown if or when funding will be received, which 

means purchasing parts or disposable parts is not always feasible.  Lastly, electric power 

fluctuates and goes out on a regular basis and therefore cannot be depended on to power 

equipment (Longombe 2000). 

 

Competition 

There are currently a number of options available commercially for thermometers.  The 

first and most basic option available is the mercury thermometer (Figure 2).  This is a nondigital 

thermometer that uses the expansion of mercury contained in a glass tube.  The temperature can 

be read based on calibrated markings that are placed on the sides of the glass.  This thermometer 

uses very low technology and runs less than $3.  However, the mercury it contains can be very 
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Figure 2: Mercury Thermometer 

(LatNet Internet Business News 2007) 

harmful if the glass is broken and mercury is therefore 

released.  The glass of this design is not rugged 

enough for emerging countries and often they do not 

have the proper disposal for the exposed mercury 

should the glass break.  Another problem with the 

mercury thermometer is that to read the temperature 

there is a wait time of approximately 3 minutes for the 

mercury to reach the correct temperature.  With short 

staffing and limited resources, 3 minutes can be too 

long to have to wait for a reading. 

 

Another thermometer design that is currently available for around $6-$9 is a digital 

thermometer (Figure 3).  This design implements a thermistor contained within a metal probe to 

detect temperature change due to the resistance change proportional to the temperature.  This 

resistance change produces a change in the voltage output of the system and a temperature can be 

detected.  This design uses basic technology to keep the cost relatively low, but there are still 

additional parts that make it unsuitable for emerging countries.  The sound and LCD display 

features add unnecessary cost and the watch battery used for power would not be easily replaced 

in many emerging countries, making the thermometer potentially 

useless if the battery dies.   

 

The final type of thermometer that is currently available 

utilizes infrared technology (Figure 4).  This thermometer 

measures the infrared radiation from the tympanic membrane in 

the ear and converts it to an electrical 

signal.  It allows for a quick, 

noninvasive measurement. A major 

disadvantage of this technology is that it 

is more expensive, around $30, and 

more complex.  For emerging countries 

it is important that the design be simple 

and durable to withstand rough 

conditions.  The design is complicated and the moving parts involved 

could be broken and would not be easily repaired.  Finally, Appendix A 

lists a few relevant patents involving thermistor temperature sensors. 

 

Client Requirements 

The main necessity of the design is that it must be low-cost. Current goal aims to keep the 

cost below three dollars. The client is willing to sacrifice aesthetics and extra „bells and whistles‟ 

that are unnecessary in the MedCal application. The device needs to be durable to survive the 

shipment to these countries and be able to withstand high temperatures, being dropped, and years 

of operation. It must be simple with little or no maintenance, or will quickly go unused. The 

required accuracy is ±1 °C, and the most accurate range of detection should be within 32 to 42 

°C. The device must be calibrated for oral detection. Finally, it must interface with the MedCal 

via a cord and port to input temperature information. 

 

Figure 3: Digital 

Thermistor Thermometer 

(Germes LLC. 2005) 

Figure 4: Infrared Thermometer 

(Focus Technology Co. 2009) 
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Ergonomics 

In order to be sure this product would be usable by all patients and physicians, it is 

important to consider ergonomics in the design.  By incorporating the human factors during the 

design phase, it will hopefully prevent errors in the medical recording and injuries of the patients 

or doctors.  This product will be used in foreign countries, and therefore the language and 

literacy barrier is important.  A person should be able to successfully use the thermometer 

regardless of his or her native language.  A series of universal symbols or colors will be 

incorporated to indicate the function or mode of the thermometer.  

 The design must be simple and intuitive.  By having a simple design it will cut down on 

the number of parts, which will cut down on the overall cost.  Having it be intuitive it would aid 

in the ease of use by the foreign physicians as well.  Finally, and most importantly, the 

thermometer must be safe.  There must be a tolerance of error built into the design to ensure 

safety regardless of use.  If, for example, the patient bites the probe there should not be any harm 

to the patient or the probe. 

 

Common Features  

When designing the thermometer, three options were considered originally. The three 

design options for the thermometer have many common features. Firstly, they all utilize a 

thermistor as the temperature sensor. Thermistors are temperature-sensing elements made of 

semiconductor material that has been sintered in order to display large changes in resistance in 

proportion to small changes in temperature. This resistance can be measured by using a small 

and measured direct current, or dc, passed through the thermistor in order to measure the voltage 

drop produced. The resistance of an NTC thermistor will decrease as the temperature increases 

(Ametherm). 

The thermistor runs leads into the rest of the circuitry, as shown below in Figure 5 at port 

JP1 in a schematic drawn on EAGLE in the circuit format to be printed on the final board.   

 
 
 

 

Figure 5: Circuitry Utilizing Wheatstone Bridge and Differential Op-Amp 
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This analog voltage information then enters a microcontroller either in the portable 

device (Design Option 1) or through a cord into the MedCal (Design Options 2 and 3). The 

programming language C will be used to encode a calibration curve into the microcontroller that 

extrapolates 20 s worth of temperature readings to predict the final temperature, which would 

usually take about 3 min.  

The thermistor (Figure 6) will be located at the tip of the 

thermometer probe. At the junction between the thermistor and the area 

for temperature detection, stainless steel is utilized (seen as gray in 

Figure 6). Stainless steel does not corrode with the use of bleach for 

sterilization and it is a relatively low cost metal that is often used in 

medical applications. Inside of the thermometer probe some type of 

material will fill the empty space as to ensure a lack of movement 

among the circuit elements (seen as light green in Figure).  The light 

blue material seen in Figure 6 will be a thermally conducting epoxy to 

make sure heat can transfer between stainless steel and thermistor head. 

Thermally conducting epoxy helps with the thermal lag and it also secures the thermistor to the 

metal tip. 

 

Design Option 1: Portable with Contained Circuitry and Power Source 

Design Option 1 (Figure 7) is independent of the MedCal in terms of power and circuitry. 

The power source would be some form of battery, likely AA or AAA because that is what is 

most available in emerging countries (Doherty 2009). After taking a temperature measurement, 

the thermometer would be plugged into the MedCal to obtain an output. A microcontroller inside 

of the thermometer would store the value of the temperature given from the circuit and then later 

relay that information to the MedCal. This device is very similar to that of a digital thermometer 

purchased at a drug store except that it does not have a digital display, keeping the price low.  

 
Figure 7: Design Option 1, Portable Thermometer 

 

Design Option 2: Attached Thermometer with Internal Circuitry 

Another option (Figure 8) has the circuitry contained within the thermometer device itself 

while connected to the MedCal. This option is connected to the MedCal as a source of power 

while housing its own internal circuitry. The value of the temperature reading goes directly to the 

MedCal and provides a reading immediately after detection. An advantage of this design is that 

fewer internal parts are necessary for operation, simplifying the probe.  

 
Figure 8: Design Option 2, Attached Thermometer with Internal Circuitry 

Figure 6: Thermistor 
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Design Option 3: Attached Thermometer with Circuitry in MedCal 

The last option (Figure 9) considered is that of a thermometer with circuitry in the 

MedCal. This design employs the simplest thermometer probe containing only the thermistor 

circuit element. The power source and the circuitry are contained in the MedCal. The thermistor 

lies at the end of the thermometer probe contacting a thermal conducting material, likely to be a 

metal. The thermistor then has leads, which are kept separate, that connect to the circuit through 

a wire that attaches to the MedCal. An advantage of this device is that the circuitry can be kept 

safer through encasement within the MedCal. The thermometer probe is cheaper this way and a 

replacement thermometer could easily be added to the MedCal if needed.  

 
 

 

 

Design Matrix  
When creating a design matrix (Table 1), the most important elements to consider were 

cost and durability. Accuracy, usability, size, weight, safety and feasibility were also considered. 

The completely portable device scored the lowest due to its relatively high cost, lower rate of 

durability, and difficulty to fabricate. The third design option displayed above scored slightly 

higher than the second due the circuitry being housed in the MedCal. The circuitry is safer in the 

MedCal, keeping the thermometer probe casing cost low. In the end the simplest, cheapest, and 

most durable design was chosen.  

 

Table 1: Design Matrix  

 

Weights- 0.1 0.2 0.15 0.4 0.1 0.05 Y/N  

Design 
Options 

Accuracy Durability Usability Cost Size/Weight Feasibility Safety Total 

Portable w/ 
internal 
circuitry 

3 2 4 2 3 2 Yes 2.5 

Attached w/ 
internal 
circuitry 

3 3 3 4 4 4 Yes 3.55 

Attached w/ 
circuitry in 

MedCal 
3 4 3 5 5 4 Yes 4.25 

 

Figure 9: Design Option 3, Attached Thermometer with Circuitry in MedCal 
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Final Design: Casing 

The final casing for the thermometer prototype employed a polypropylene tube with a 

stainless steel tip. Using a lathe, a hollow bullet shape piece of stainless steel was fabricated from 

a solid cylinder in about 15 min. The polypropylene tip was then inserted into the hollow end of 

the stainless steel.  The polypropylene tube was tapered at one end as to fit the stainless steel tip 

in a more secure fashion. Through use of thermally conducting epoxy the thermistor was fixed 

firmly to the inside of the stainless steel. Nonthermally conducting epoxy was used to reinforce 

the already snug fit between the steel and the polypropylene. The thermistor wire was soldered to 

zip cord wire which then led out of the end of the polypropylene tube. To prevent water or other 

elements from getting into the probe heat shrink tubing was fitted around the end. All of the 

above materials were chosen due to their simplicity, low cost and biocompatibility. 

 

Circuit 

The final design utilizes a 10 k NTC thermistor as the sensor for temperature change.  

This thermistor decreases its resistance as the surrounding temperature increases.  In order to 

measure this change in resistance, the thermistor is used within a Wheatstone bridge to identify 

the unknown resistance in one branch by balancing the other branch.  The difference between 

these two branches would be very small in magnitude and in order to improve the resolution of 

our signal after it is sent through an analog to digital converter, the outputs from each side of the 

bridges are sent through a differential amplifier, as seen in Figure 10.  To obtain the correct gain 

for the signal, two 15 k resistors are used with the amplifier. 

 
Figure 10: Schematic of Circuitry 

 

Due to power restrictions provided by the MedCal, the circuit cannot use more than 3.3 

V.  A 741 op amp would not be able to be powered by such a low voltage; therefore, a low 

power, single supply op amp was used.  The MCP6002 dual rail-rail op amp can be powered 

using 1.8-6 V and would still provide the amplification necessary.  To power the op amp it is 

supplied with 3.3 V and ground.  This 3.3 V is also used as the input voltage of the circuit.   

Another restriction of this circuit is that it has a very specific voltage range over which it 

obtains the best amplification.  To find this range, the branch of the Wheatstone bridge opposite 

the thermistor is replaced with a 10 k potentiometer. As the potentiometer is adjusted, the output 
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voltage quickly jumps from the range of below 100 mV to saturation at 3.3 V.  When the 

adjustment is made carefully the room temperature output is set to 0.5 V, which is in the optimal 

voltage range.   

 The output of the circuit must stay between 0 V and 3.3 V.  To be sure that the gain of the 

amplifier does not saturate in the range of 32-42 C̄ the circuit was tested using various feedback 

resistors.  Using a 15 k resistor allowed the circuit to start at 0.5 V and continue to approximately 

2.5 V at 42 C̄.  The circuit would not saturate at 3.3 V until approximately 49 C̄, which is well 

beyond any survivable body temperature.  

 

Algorithm 

The thermometer algorithm was constructed in a few steps. First it was drafted on paper 

in the following format: analog voltage from circuit -> ADC converter -> microcontroller -> 

linear regression created of first 20 s of data (voltage vs. time) -> Access final voltage at 

intersection time with steady state voltage value -> Voltage converted to temperature using data 

from water bath testing in human temperature range -> final temperature displayed on MedCal 

screen.  

 

The algorithm was preliminarily tested on Excel to be sure the least squares formula for 

the linear regression was correct. Here x is time and y is voltage:  

Regression Equation y = a + bx  

Slope (b) = (NΣXY - (ΣX)(ΣY)) / (NΣX
2
 - (ΣX)

2
) 

Intercept (a) = (ΣY - b(ΣX)) / N 

 

Then the algorithm was preliminarily constructed on LabVIEW (Figure 11) and tested 

with a simple differential amplifier circuit using a thermistor and a water bath.  

 
Figure 11: Labview Algorithm Test Program 

 

Next human testing was conducted to find the intersection time of a regression line with 

the steady state voltage asymptote. The reason that only the first 20 s of data is acquired is due to 

the fact that it really takes around 3 min for a thermistor to reach steady state voltage in one‟s 

mouth, but the first 20 s of voltage increase is almost linear. The cold metal thermometer probe 

cools the local area under the tongue and it takes around 3 min to get the blood perfused back in 
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the area and heat the metal and thermistor to a steady value. As seen in Figure 12, it only takes 

about 50 s for the thermistor to reach steady state in a water bath. 

Water Bath - Voltage vs. Time
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Figure 12: Quick Thermistor Response in Water Bath 

From 19 human tests on three subjects (Figure 13), the intersection time was found to be 

37.6 s. Other coefficients for converting the final voltage back to temperature were apprehended 

from water bath testing, where a line from the 10 k thermistor‟s linear range was formed. Finally, 

the algorithm was converted to C programming code and inputted to the microcontroller. Further 

testing results are shown in Appendix D. 

Human Testing
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Figure 13: Human Testing with Completed Probe and Circuitry 

 

Testing 

The thermometer will be used in many emerging countries with varying conditions.  In 

order to account for this, tests were created to simulate the numerous conditions.  All testing 

reports can be found in Appendix D.    
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One of the tests tested the durability of the prototype.  In emerging countries, there is 

usually an unstable source of funding (Longombe 2000) and if the thermometer breaks, it is 

unlikely that it will immediately be replaced no matter what the cost.  The durability testing 

ensured that the thermometer would be able to withstand normal wear and tear if it is dropped, 

stepped on, or even bitten.   

Furthermore, the thermometer will likely be sanitized in a 10% bleach solution (Doherty 

2009).  For this, a compatibility test was conducted to determine if the bleach would corrode the 

casing and if it had any effect on the epoxy holding the casing together.  Several plastics were 

tested including polycarbonate, nylon 6, cross-linked polyethylene, and polypropylene.  They 

were placed in 100% bleach for one week.  Once removed, they were observed for any signs of 

corrosion.  All of the plastics ended up passing the test so the final material was chosen based on 

cost.  Also, a 3M electrode, QuikTab electrode, and piece of stainless steel were placed in 100% 

bleach for one week.  The 3M electrode and the piece of stainless steel passed; however, the 

QuikTab electrode did not, which means it was made out of another metal.  It was decided to use 

a stainless steel tip because it would be possible to utilize more surface area to epoxy it onto the 

plastic barrel.  The electrodes had no shear strength making it to easy to push them off and 

therefore not useful for our thermometer. 

It was necessary to ensure the plastic, wire, or shrink-wrap would not melt when exposed 

to high temperatures.  To do this, the completed thermometer prototype was placed in an oven at 

~82 °C.  The materials showed no signs of melting or stress showing that the thermometer could 

survive in high temperature conditions. 

In addition, because the bleach solution is a liquid, it was necessary to verify that the 

seals of the casing did not allow any liquid to enter.  To test this, the thermometer was 

submerged underwater in a clear container and looked for the presence of bubbles.  No bubbles 

were seen and it was concluded that the thermometer was liquid-tight and no liquid would be 

able to get at the wiring and damage it.   

From the research completed, it was found that nylon 6 is known to take up water 

(Machine Design 2009).  To determine if this was true and if it had a significant effect on the 

material, a mass balance technique was used by weighing the material before and after it was 

placed into water for one week.  The results showed that the retention of water by nylon 6 is a 

reversible process and does not have a significant effect on the material.  Once again, the nylon 6 

was not chosen because it is more expensive than the polypropylene. 

Not only were tests completed on the ability of the material to withstand certain 

conditions, tests were also completed to determine the accuracy of the thermistor.  These tests 

included figuring out the error in the nominal thermistor resistance values and determining 

accuracy versus a Walgreens bought thermometer. 

To determine the error in the nominal thermistor resistance values, 5 thermistors that 

were said to have 10 k resistance values were measured with the Multimeter ohmic setting.  

Next, the thermistors were placed in a warmed water bath.  Voltage values were recorded at 5 °C 

increments from 25 to 45 °C.  The values were averaged and from these values a Voltage vs. 

Temperature graph was created.  A linear trendline was added creating a best-fit equation of 

V=0.4012t+0.4044 with V being voltage in volts and t being temperature in °C.  This is the 

equation that was used in creating the algorithm coefficients.   

The thermometer was also tested against a commercially available thermometer.  This 

thermometer was $8.99 at Walgreens and has an error of ± 0.2 °C.  To test it, temperature was 

taken and recorded with our prototype and then taken with the Walgreens thermometer.  The 
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error of the prototype was found to be 0.56 °C, including the worst trial having 1.27 °C 

difference, and one matching trial. 

 

Future Work  

It would be important to add an identifying resistor to the circuitry for mass production.  

According to testing, the resistances of thermistors vary by approximately 3% and this variance 

would increase the error of the thermometer reading.  To account for this, an identifying resistor 

would be added in series with the thermistor and as a voltage is sent through to identify the exact 

resistance of the thermistor.   

Other work would include creating calibration curves for infant rectal temperature 

measurement. Also, safe testing procedures would have to be drafted for the probe‟s dual usage. 

Increasing accuracy and decreasing measurement time and cost are also vital for marketability. 
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Appendix A: Current Patents 

US Patent #7,497,615 Digital temperature sensor, and system and method for measuring 

temperature. A digital temperature sensor and a system and a method for measuring a 

temperature are provided. The system includes a reference signal generator including one or 

more resistance elements; a temperature sensor including a plurality of discrete resistance 

elements arranged parallel with one another; a multiplexer multiplexing the plurality of discrete 

resistance elements and the reference resistance element so that the plurality of discrete 

resistance elements sequentially distribute a power voltage together with the reference resistance 

element; a comparator having the voltages distributed by the reference resistance element and a 

discrete resistance element selected by the multiplexer; and a counter counting sequential 

switchings of the multiplexer. The counter information of the output level transit time of the 

comparator is provided to the controller, and the system obtains temperature information 

according to temperature change information from turn information of the discrete resistance 

elements according to the counter information.  

US Patent #7,496,469 Temperature sensor adaptors and methods.                                                                                                                                 

A temperature sensor adaptor assembly and method having a conversion circuit configured for 

receiving an input characteristic of an input temperature sensor and generating a pulse width 

signal having a pulse width that varies in response to the received input characteristic. The 

assembly also includes an output circuit coupled to the conversion circuit for receiving the pulse 

width signal, coupled to an output, and configured for providing impedance at the output 

responsive to the pulse width of the received pulse width signal. The provided impedance at the 

output corresponds to an impedance of a synthesized temperature sensor that is different from the 

input temperature sensor.  

US Patent #7,494,274 Electronic thermometer with flex circuit location.                                                                                                                                    

An electronic thermometer is configured for ease and accuracy in construction. A probe of the 

thermometer includes a flex circuit containing electronic components used to measure 

temperature and transmit signals to a calculating unit of the thermometer. A locating member 

supported by the probe can function to pre-position the flex circuit prior to final fixation so that 

the electronic components are reliably positioned in manufacture.  

 

US Patent #2938385 Thermistor Thermometer System. 

The present invention relates to the field of quick, accurate temperature measurement and more 

particularly to thermistor thermometer systems which are extremely well adpted for clinical 

temperature measurements and also relates to improved compensated thermistor temperature 

sensing assemblies and sensitive rugged thermistor probes and protective coverings for 

thermometer bulbs. 

 

 

 

 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=16&f=G&l=50&d=PTXT&p=1&S1=thermistor&OS=thermistor&RS=thermistor
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=30&f=G&l=50&d=PTXT&p=1&S1=thermistor&OS=thermistor&RS=thermistor
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Appendix B: Cost Estimate 

Material Cost 

Polypropylene Tube 0.10 

Stainless Steel Probe 0.15 

24 Gauge Zip Cord 0.10 

Circuitry 0.85 

TOTAL $1.20 

 

Appendix C: Project Design Specifications 

 

Product Design Specification for BME 301-Group 52: Digital Thermometer 

(May 8, 2009) 

Group Members: Tasha Benkovich, Colleen Farrell, Hallie Kreitlow, Deborah Yagow 

 

Problem Statement:  

 

Emerging countries are in need of a durable, low-cost thermometer to operate with the MedCal, a 

handheld medical output device.  The thermometer's incorporated circuitry should produce 

accurate temperature measurements through the use of a human interface. 

 

Client Requirements: 

 

¶ Interface with hub, which connects to laptop via analog signal 

¶ Should not introduce cross contamination between patients 

¶ Handheld device 

¶ Sturdy and durable 

¶ Calibrated according to international standards 

 

1. Design Requirements 

 

The device must meet all of the client requirements. 

 

a. Performance requirements:  The device must run at a maximum of 3.3 V per 

thermometer.  It must require less than 500 mA of current.  

b. Safety: The device must cause no harm to the patient from the circuitry or sensory 

interface. 



 16 

c. Accuracy and Reliability: It must be ±1 C̄ to the true temperature.  The device must be 

accurate within 32 to 42 C̄. 

d. Life in Service: The device must last for a minimum of 5 years under normal operating 

conditions. 

e. Shelf Life: Must be able to withstand humid and hot conditions (up to ~47 C̄) as well as 

any transportation.   

f. Operating Environment:  The device must be able to function properly in high heat.  It 

must be easy to use for untrained persons with minimal maintenance. 

g. Ergonomics: The handheld structure must be comfortable for both the patient and the 

operator. 

h. Size: The device must be small enough to be handheld. 

i. Weight: The device must be lighter than 0.4 kg. 

j. Materials: The device must use low cost materials, excluding latex, which can be easily 

sterilized in a 10% bleach solution. 

k. Aesthetics, Appearance, and Finish: The device must be self-contained and compact.  

The contact point should be comfortable for the patient. 

 

2. Product Characteristics 

 

a. Quantity: One working prototype with goal of cost effective mass production. 

b. Target Product Cost: The product will sacrifice aesthetics and accuracy for low cost, the 

goal being below $2. 

 

3. Miscellaneous 

 

a. Standards and Specifications:  International standards. 

b. Customer: Requires simplicity, ruggedness, and low maintenance. 

c. Patient Related Concerns:  The device must be sterilized between patients using a 10% 

bleach solution. 

d. Competition: Mercury, digital, and infrared thermometers. 

 

Appendix D: Testing Results 

 

Durability Testing 

Purpose  

The thermometer will be used in developing countries that have an unstable source of funding.  

If a thermometer breaks, it is unlikely that they will be able to immediately purchase a new one 

no matter the cost.  The goal of the durability testing is to determine if the thermometer will be 

able to withstand normal wear and tear from handling and use. 

Materials Needed 

¶ Completed thermometer casing 

Methods 

¶ Drop test 

o Drop thermometer from a height of 1.5 m onto a hard floor (not carpeted) 

o If any casing components break apart, record as fail, otherwise record as pass 
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¶ Pressure test 

o Step on thermometer 

o If any casing components break apart, record as fail, otherwise record as pass 

¶ Bite test 

o Put thermometer in mouth as one normally would to take a temperature 

o Attempt to bite the outer surface of the thermometer 

o If casing does not give to the bite, record as pass, otherwise record as fail 

Results 

 

Table 1:  Drop test results. 

 

Pass Pass Pass Pass Pass 

Pass Pass Pass Pass Pass 

 

Pressure test-No break in components. 

 

Bite test-Surface does not give in to bite. 

 

Conclusions 

 

The thermometer is durable enough to withstand normal wear and tear.  If it is dropped, stepped 

on, or bitten, the thermometer should not break. 

 

Additional Comments: 

 

Do additional durability tests to determine exactly how secure the probe is attached to the 

thermometer tube. 

Compatibility Test 

Purpose 

The thermometer will be sanitized with a 10% bleach solution in developing countries.  The goal 

of this compatibility test is to ensure the bleach does not corrode any of the casing materials and 

does not alter the properties of the epoxy holding the components together. 

Materials Needed 

¶ Thermometer tubes 

o PEX (cross-linked polyethylene) 

o Polycarbonate 

o Polypropylene 

¶ Electrodes 

o 3M 

o Quik-Tab 
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¶ Stainless steel rod 

¶ Completed thermometer casing 

o Tube 

o Electrodes 

o Stainless steel tip 

o Epoxy 

¶ Bleach 

Methods 

¶ Thermometer tubes 

o Place thermometer tubes into bleach for 36 h 

o After 36 h, check for any obvious damage and visual signs of corrosion 

Á Record pass if no signs of damage or corrosion, otherwise record fail 

o Continue test until fail 

¶ Completed thermometer casing 

o Place thermometer into bleach solution for 24 h 

o Record pass if no signs of damage or corrosion, otherwise record fail 

Results 

 

PEX (Cross-linked polyethylene) 

¶ No obvious signs of corrosion 

¶ Pass 

Polycarbonate  

¶ No obvious signs of corrosion 

¶ Pass 

Polypropylene 

¶ No obvious signs of corrosion 

¶ Pass 

Quik-Tab electrode 

¶ Obvious signs of corrosion 

¶ Fail 
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3M electrode 

¶ No obvious signs of corrosion 

¶ Pass 

Stainless steel rod 

¶ No obvious signs of corrosion 

¶ Pass 

Epoxy 

¶ Yellowing 

¶ Fail 

PEX/Polycarbonate and electrode connected with epoxy 

¶ No visible corrosion with 3M electrode; however, the shear strength is minimal and 

unacceptable 

¶ Fail 

Conclusions 
For the tubing of the thermometer, all types of plastic passed the bleach test.  We are no longer 

going to use the PEX or polycarbonate due to the cost of each.  Also, we are no longer going to 

use the electrodes because the epoxy did not hold them to the plastic against minimum shear 

force.  With the polypropylene barrel we can epoxy on the stainless steel tip with more surface 

area to increase durability and overall the lifetime of the product.   

 

Additional Comments: 

Different costs of materials: 

¶ PEX=$0.45 per foot 

¶ Polycarbonate=$0.98 per foot 

¶ Polypropylene=$0.38 per foot 

Source:  McMaster-Carr [Online] 

 

Liquid-Tight Testing 

Purpose 

The thermometer will be placed in a liquid, 10% bleach solution to be sanitized.  The goal of this 

test is to ensure the seals do not allow any liquid into the casing. 

Materials Needed 

¶ Completed thermometer prototype 

¶ Water 

Methods 

¶ Take thermometer and immerse into a tank of water 
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¶ Record pass if no bubbles are seen coming out of the thermometer 

¶ Record fail if bubbles are present coming out of the thermometer 

Results 

Submerging the probe in water for 2 min yielded NO bubbles from the epoxied tip or the heat 

shrink-wrapped end. 

Conclusions 

The epoxy sealant at the metal tip and the heat shrink-wrapping at the wire end are both water-

tight.  Sanitizing the probe in the 10% bleach solution will not cause derogatory effects due to 

submersion. Also, there need not be worry about a patient‟s saliva entering the tip. 

 

Nylon 6 Water Uptake Test 

Purpose 

Nylon 6 is known to absorb 1.6% water in a 24 h period for a 1/8 inch thick piece of material 

(machinedesign.com).  When sanitized, the thermometer will be placed in a 10% bleach solution 

made up of mostly water.  The goal of this test is to determine if the water absorption is a 

reversible process because if it is not, it should not be used as casing for the thermometer. 

Materials Needed 

¶ Nylon 6 tubing 

¶ Water 

Methods 

¶ Weigh the Nylon 6 tubing 

¶ Immerse tubing in water for one week 

¶ Reweigh after one week 

¶ Determine percent of water uptake 

Results 

Before weight: 468.76 mg 

After weight: 468.67 mg 

Percentage weight change: -0.0192% 

Conclusions 

The nylon 6 sample ended up losing weight, which means that the absorption of water by the 

material is reversible.  If we decide to use this material, this is useful information to know. 

References 
Machine Design. 2009. Nylon [Online]. 

http://machinedesign.com/BDE/materials/bdemat2/bdemat2_29.html 

 

High Temperature Testing 

Purpose 

The thermometer will be used in developing countries and may be exposed to high temperature 

conditions.  The purpose of this test is to make sure those conditions do not have an effect the 

material properties of the thermometer. 
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Materials Needed 

¶ Completed thermometer casing 

¶ Oven 

Methods 

¶ Place thermometer in an 80 °C oven for 2 h 

¶ Check the materials for signs of melting or softening 

Results 

No signs of melting or softening. 

Conclusions 

The thermometer will be able to withstand high temperatures. 

Additional Comments: 

Test this for a longer period of time and determine its effect on accuracy of the thermometer. 

 

Accuracy Testing 

Purpose 

The thermometer must be accurate to ± 1 °C within the 32 °C to 42 °C temperature range.  The 

goal of this test is to determine if the thermometer meets this standard.  The test will utilize a 

commercially available thermometer of known accuracy. 

Materials Needed 

¶ Completed thermometer 

¶ Commercially available thermometer 

Methods 

¶ Record the values that the low-cost thermometer displays against a Walgreens digital 

thermometer output having +/- 0.2 °C accuracy.  

Results 

Thermometer Accuracy Test 

    Trial MedCal Walgreens ° C Difference 

1 35.90 36.90 1.00 

2 35.90 36.90 1.00 

3 36.04 36.90 0.86 

4 35.74 36.40 0.66 

5 36.65 36.60 0.05 

6 36.77 36.60 0.17 

7 35.23 36.50 1.27 

8 36.56 36.20 0.36 

9 36.15 36.10 0.05 

10 35.43 36.10 0.67 

11 35.85 36.00 0.15 

12 36.06 36.50 0.44 

13 36.42 37.00 0.58 

14 35.46 36.40 0.94 
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15 35.70 36.30 0.60 

16 35.34 36.20 0.86 

17 36.70 36.70 0.00 

18 36.02 36.50 0.48 

19 35.74 36.90 1.16 

20 35.95 36.40 0.45 

21 35.81 36.30 0.49 

22 35.61 35.70 0.09 

23 35.39 36.10 0.71 

24 35.40 36.00 0.60 

25 35.46 35.70 0.24 

       The average difference of the MedCal thermometer is 0.56 °C from the Walgreens model. Trials 

outside of the requirement are in yellow, and a matching trial is shown in green. 

Conclusions 

The thermometer meets the client‟s specifications. 

Additional Comments: 

Do more tests over a length of time and throughout the day to determine fluctuation.  Also, find a 

way to make it more accurate. 

 

Thermistor Resistance Values 

Purpose 

All thermistors do not have the exact same resistance values.  The goal of this test is to figure out 

what the average error thermistors have differing from their nominal value. 

 

Method 

Measured with the Multimeter ohmic setting.  

 

Results 

Thermistor [kOhms] 5 Samples  

    

1 10.52 +/- 0.01 Average: 10.252 

2 10.35 +/- 0.01 Std dev: 0.307 

3 9.74 +/- 0.01 %=(Std dev/Ave): 0.0299 

4 10.43 +/- 0.01   

5 10.22 +/- 0.01   

    

1 soldered to wire 10.00 +/- 0.01   

1 w/ electrical tape 10.22 +/- 0.01   

 

Temperature( °C) 

Trial 

1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7 Averages 

Thermistor 1         

25 1.25 0.73 1.05 0.9 1.2 1.08 0.95 1.02 

30 1.56 1.46 1.26 1.34 1.25 1.14 1.29 1.33 

35 2 1.81 1.59 1.92 1.76 1.64 1.52 1.75 

40 2.43 2.15 2.1 1.98 2.1 1.95 1.93 2.09 

45 2.87 2.81 2.65 2.55 2.66 2.4 2.4 2.62 
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Thermistor 2         

25 1.25 0.73 1.05 0.9 1.2 1.08 0.95 1.02 

30 1.56 1.46 1.26 1.34 1.25 1.14 1.29 1.33 

35 2 1.81 1.59 1.92 1.76 1.64 1.52 1.75 

40 2.43 2.15 2.1 1.98 2.1 1.95 1.93 2.09 

45 2.87 2.81 2.65 2.55 2.66 2.4 2.4 2.62 

         

Thermistor 3 
Trial 

1 Trial 2 Trial 3 Averages     

25 0.794 0.68 0.67 0.71     

30 1.03 0.964 1.06 1.02  Overall Average  

35 1.52 1.27 1.42 1.40  Temperature Voltage  

40 2.23 1.69 1.9 1.94  25 0.85  

45 2.8 2.3 2.57 2.56  30 1.18  

      35 1.58  

Thermistor 5      40 1.97  

25 0.66 0.66 0.6 0.64  45 2.46  

30 1.04 1.08 1.03 1.05     

35 1.39 1.57 1.28 1.41     

40 1.85 1.79 1.59 1.74     

45 2.2 1.95 2.02 2.06     

 

Output Voltage vs. Measured Water Temperature

y = 0.4012x + 0.4044
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Note: Trials from 4 different thermistors averaged, 20 trials total. 

 Water temperature measured with standard mercury thermometer. 
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The resistors vary by about 3% at ambient temperature. A special Temperature vs. Voltage line 

was created using a water bath within our temperature range (25-45 °C). 

 

Conclusions 

 

The final equation V=0.4012t+0.4044 will be used in the final stage of the algorithm, converting 

a final patient voltage value to their temperature. 

 

 

 

 

 

 


