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Introduction 


The goal for our project this semester is to develop a device which indicates whether a water bath or incubator is at 37 ° C; if the temperature deviates by more than 0.5 ° C, there will be a visual alarm to indicate the change. The design was inspired by an Engineering World Health project.  The project is to design a temperature tester that could measure the previously mentioned temperatures within hospitals and laboratories in third world communities. 

Engineering World Health (EWH) is a charitable organization that has been created in an effort to adequately answer the problems in disadvantaged communities around the world by providing and maintaining appropriate, inexpensive medical technologies within these communities. EWH harnesses the resources of collegiate engineering programs to improve healthcare around the world. 
A way that EWH improves the equipment in hospitals and laboratories is through design projects.  Projects are open to anyone who would like to design and create prototypes for the specific problem statements.  Design projects are problem statements with project specifications that serve as moderate guidelines to reach an economically viable solution for these hospitals.  The problem statement our group has chosen to address is: determination of water temperature for water baths used in hospitals, as a form of incubation, that do not have any mechanism for alerting the hospital staff of deviation from the desired temperature.  The motivation of the project is to create an accurate method and device that will allow the staff to more efficiently and effectively regulate water temperatures within the bath. 
Project design specifications


Our project specifications from EWH were somewhat simplistic, so we decided to expand the specifications to create a more reliable and adequate device for hospital environments. The design should be no larger than one inch by one inch by four inches (1” x 1” x 4”). It should be water resistant and heat resistant up to 45 ° C. Our design should be able to detect 0.1 ° C change within the water temperature, but will register 0.5 ° C deviation from the desired temperature of 37 ° C. Our device, not including batteries, will have a shelf life of 5 years and an operational life of 2 years. The source of power will be a nine volt battery. Our optimum weight will be less than 230 grams or half a pound and the prototype shall be portable and easy to carry. The price of one unit, if mass produced, will not exceed $3.00. This is a very large constriction for all projects proposed by EWH. The communities/hospitals that will be purchasing and receiving these products have inadequate funds and lack of economic resources.

Background

We researched different aspects of the project.  We began by determining in what situations our prototype would be used.  With the information given to us from EWH, we knew that the prototype would be used in water baths and incubators in hospitals and laboratories.  We then looked into what the uses were for water baths and incubators in hospitals.  Water baths and incubators are used when a stable environment is essential.  A few situations where this is needed in hospitals is heating beakers, incubating premature babies, or growing biological cultures.  
After we knew what the purpose of our prototype would be, we looked into current products on the market.  We found the Ice-Box Thermometer, the Traceable Alarm Thermometer and the Alarm Thermometer Monitor.  These devices are similar in that they both can be preset to a specific range of temperatures in which the temperature is desired.  If the thermometer detects a temperature out of this range, an audible alarm is set off.  All have LED screens to read the current temperature reading.  
However, the prices on these products, $19.00, $30.76, and $22.00 respectively are above our design specifications.  The accuracy on the Traceable Alarm Thermometer and the Alarm Thermometer Monitor are ± 2 ° C and ± 1 ° C respectively.  Our design specifications call for an accuracy of .1 ° C.  The Traceable Alarm Thermometer can only be preset to 1° C increments.  Our design needs to detect the .5 ° C change in the water.  The existing products are a good starting point in our design process, but these products do not meet all of our design specifications.  
The Circuit

There are three casing alternatives, but inside each of those the circuit is the same.  The circuit works under the same principle as a Wheatstone bridge.  A Wheatstone bridge operates with one parallel branch containing two known resistors and another parallel branch containing a known resistor and an unknown resistor.  This circuit allows the user to measure the resistance of the unknown resistor, if the bridge is balanced no current passes through the circuit.  In our circuit, the unknown resistor is a thermistor, which changes resistance based on the external temperature.  This will allow the device to be used to measure temperature change.  
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The whole circuit, which can be seen in Figure 1, will be powered by a 9V battery and contains a switch, to conserve the battery when not in use.  There are two branches of the circuit, one for the temperature when it is 0.5 ° C too warm and one for the temperature when it is 0.5 ° C too cold from the desired temperature of 37 ° C.  Each branch contains a comparator, two 100kΩ resistors and a potentiometer.  They also contain a LED in series with a 450Ω resistor.  These two branches are each connected in parallel to the branch containing a 100kΩ resistor and 100kΩ thermistor.  The potentiometers are adjusted in a way that the branches equal the resistance of branch with the thermistor when it is under the conditions of being .5 ° C too warm or .5 ° C too cold, dependent on the branch.  Therefore, when the circuit is exposed to a temperature outside the range of 36.5° C to 37.5° C, the resistance of the two branches will be equal and no current will flow through it, and the comparator will turn on.  When the comparator turns on it will allow current through the LED circuit which lights it up.  To differentiate between being too hot or too cold, a red LED will be used for an increase in heat and a blue LED will be used for a decrease in heat.
Possible Designs

Disposable
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The first alternative to encase this design is a disposable design.  This design is by far the easiest to manufacture, since it is disposable.  The circuit and a battery are sealed in a plastic case.  To date, no material has been decided upon.  The LEDs will be embedded into the casing with a seal around their edge so that water is not allowed to leak in; same will go for the button switch.  The disposable design can be seen in Figure 2.  The way this is designed, it will have the ability to be water submersible.  The whole unit would be 1”x1”x4”, as desired by EWH.  
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The advantages of this design are it will be easy to use and easier to manufacture than our other designs.  The disadvantages of this design all deal with the fact that it is disposable.  This makes it less cost effective, instead of replacing the battery; the user has to purchase a new unit.  This shorter life span is not ideal for use in a third world country.  It will also be difficult to insure that the whole unit is water tight, which could also cause difficulties for the user. 
Replaceable Battery

The Replaceable Battery design is similar to the Disposable design except that it has an accessible compartment to allow for the removal and replacement of a battery. One of the most important requirements of our design is that it must be able to be manufactured and maintained at very little cost to the end user. This design, by implementing a replaceable battery, raises the initial cost of the device slightly, but is much more cost-effective in the long run. 

The addition of a replaceable battery, a seemingly slight deviation in methodology, has a relatively large effect on the design of the device, as we must incorporate a compartment that can be easily accessed but also maintains a water-tight seal. The solution we have come up with is similar to the design of several submersible pH testers currently on the market. The device is a long, hollow, cylindrical tube that will encase the circuit in one compartment and the battery in another. The circuit will be will be in one compartment that is completely sealed off from the rest of the device, and will be inaccessible to the user. The voltage terminals from the circuit will penetrate the upper wall, and poke into the battery compartment. This will allow the battery to be fitted on top of the protruding terminals and provide power to the circuit. The top of the battery compartment will be a threaded cap that screws on top of the device, and with the help of a rubber washer, creates a water-tight seal.

One of the key advantages of this design is that, as previously mentioned, it is more cost-effective than the disposable design. If the disposable device costs $2.50 per unit, the reusable device $3.00 per unit, and then an extra $3.00 for a 9 V battery, it is much cheaper in the long run to be able to just replace the battery, as opposed to the whole unit as well. Another advantage of this design is that is very easy to use, and also easy to maintain.

The main disadvantage to this design is that, because it is meant to rest on the bottom of the incubator to be able to achieve an accurate temperature reading, it is hard to see the visual alarm. Depending of the depth of the water bath, and the direction the device is facing, it could be almost completely obscured from the operator’s view. One minor disadvantage is that the device is slightly more complicated in design, and because of the necessary extra parts to support the removable battery, it would be harder to manufacture.

Probe


The key disadvantages of the two prior designs are that they rest on the bottom of the incubator, and therefore are harder to see when the visual alarm is activated. To counteract this problem, we needed to devise a way to have the alarm stay above water level, but still have the thermistor be able to measure the change in water temperature. We decided the most practical solution to this problem was to implement a probe into the device. This design feature allows the thermistor to be submersed in the water, encased in a water-tight covering, while measuring the change in temperature and allowing the LED visual alarm to remain above the water.


The case design in this device is identical to the case proposed in the Replaceable Battery design, only it implements a probe at the bottom. The probe, a flexible, water-proof covering, protrudes from the base of the circuit compartment. It is essentially just an extension of this compartment, allowing the thermistor to be closely surrounded by the external environment without exposing the rest of the circuit to these potentially hazardous conditions. The circuit design will remain exactly the same, only the thermistor will not be soldered to the circuit board. Extra lengths of copper wire will allow the thermistor to be placed in the probe, while still being electronically connected to the circuit board.


The key advantage of this design is that it allows the visual alarm to be easily seen because it is placed above the water. This is extremely important, as it is not helpful to the operator if the devices functions properly, but the alarm does not get their attention. This design also benefits from having a replaceable battery, which increases its overall lifespan and makes it more cost-effective.


The major disadvantage of this design is that it is longer than the other two designs, which makes it slightly less portable. However the probe is flexible, which offsets this extra length slightly. The Probe design also suffers from a few of the same disadvantages as the Replaceable Battery design. It is a more complicated design, and because of extra components, it will be harder to manufacture.

Future Work
The work we plan do to from here is to finalize the casing and materials.  With finalizing the casing, we need to find a case that will allow us to have a battery compartment that is water proof.  Problems that we foresee occurring with this is that water might leak in through the cracks of the compartment.  A way that we can overcome this problem is to use epoxy to line the cracks.   We also have to order the additional components for the circuit that are not available at the ECE parts shop.  

After we finalize our design, we will be submitting a proposal to EWH.  This proposal will include our design schematics and a detailed parts list with prices for the projected quantity of 500 units.  If our design meets the specifications of EWH and comes within the budget, we will receive funding to build our prototype.  After we build our design, we will have to resubmit our proposal with any changes that we have done to our design.  

When we have acquired all the necessary components, we will assemble the circuit.  We will then test and calibrate the potentiometers in the system.  When the system is calibrated, we will enclose the system in its casing.  We will then continue testing to ensure the accuracy of the prototype.  
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Figure 4.  Probe Design





Figure 2. Disposable Design





Figure 3.  Replaceable Battery Design 








