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INTRODUCTION

Acknowledgements

The unmet need: a portable, 

accurate, low-cost incubator
• Contamination of water quality poses serious 

threats to public health and safety

• Reliable water testing requires sample incubation 

• Current incubators do not offer portability: by 

weight, collapsible size for travel, battery power 

capacity for field use, or room for sufficient 

number of samples 

METHODS

Several tests of components and subsystems were completed including: 

• Heat resistance of acrylic material

• Electrical component & coding verification 

• Heat plate capacity – which was incorporated into coding 

• Accuracy of temperature sensing

• Cooling rates of samples inside the container 

Additional tests were planned to validate the full system including: testing the time 

required to heat water samples from different initial temperatures, functional time 

and battery life, assurance that the incubator maintains ambient interior air within 

37± 2°C for 24 hours, and the validity of E. coli sample testing in the device 

compared to a standard incubator. Although circumstances did not allow for device 

completion, the construction and test plans accomplished support that the device 

would meet specification.  
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Design Specifications: 
• Incubate samples uniformly at 37°C ± 5°C

• Hold 12 Aquagenx® water quality test kit compartment bags for 

E. coli testing, with a maximum goal of 18 compartment bags

• Possess a rechargeable battery with life of 72 hours, if possible

• Have a digital control interface for temperature and time

• Include a power mechanism controlled by the settable timer

• Be as lightweight, compact and collapsible for transportation as 

feasible. Fig 1. Schematic of design when (A) expanded and (B) 

collapsed.

Key tasks to build the device included: 

• Designing & constructing printed circuit board for electrical control 

• Developing microcontroller logic & coding 

• Designing & laser-cutting acrylic shelving in Inkscape 

• Designing 3D-printable electronics housing unit in Autodesk Fusion 

• Modifying container to hold 4 batteries, adhering heat plates 

Similarly, testing was planned for individual, subsystem, and full system, shown in Fig 2. 

Fig 2. Workflow for testing & building incubator; tasks in red remain incomplete due to current 

circumstance this semester. 
Fig 5. ANSYS model of temperature gradients was developed to show 

convective and conductive to show heat transfer.

Fig 3. Designed 

electrical housing, 

showing components 

to be included.

Fig 4. Container & heat plate 

components.

CONCLUSIONS

Fig 6. Shelving 

designed from 

laser-cut acrylic 

to hold central 

heat plate.

Fig 7. Heat 

plates were 

adhered inside 

container with 

heat-resistance 

silicone glue. 

Fig 8. Modified 

container with 

mesh pockets 

remains 

collapsible. 

Fig 9. Electrical 

design schematics 

and construction, 

(A) relay control, 

(B) voltage divider, 

(C) voltage 

regulator.
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Fig 10. Temperature 

readings from central 

sample showing cooling 

rate inside the container 

with 1 sample (blue) or 12 

samples (yellow) until 

reaching room temperature 

(red dash). 

Fig 11. Ambient 

temperature inside 

the container with 

12V (green) or 10V 

(purple) applied to 

4 heat plates.

Fig 12. Surface 

temperature of heat 

plates inside container 

regulated by applying 

12V (green line) or 

removing power (red

line), as shown the

schematic.

RESULTS

Fig 13. (A) Experimental setup and (B) LM35 

temperature readings averaged from 4 sensors.

Experimental Data

Tests completed to determine:

• Cooling rates with different 

sample amounts 

• Time to heat the ambient 

container

• Control of heating plates 

using voltage input 

• Accuracy of temperature

sensors

Construction of Incubator Interior & Exterior Electrical Design
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