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Abstract:  The objective of this team-based design project is to select a household project and perform a dissection as to identify electrical, mechanical, and industrial engineering aspects of our product, the fan.  The outcome of this project is to be able to show other people how engineering is used in a normal, everyday household project.

Introduction
This Team Based Design Project, Breakdown of a Fan will include four sections.  The first section will include the weekly report, while the other three sections will include the first draft, second draft, and third draft, respectively.  
Chapter 1: History of the Oscillating Table Fan

For thousands of years, the invention of the fan has been used by people as a way to cool off in the hot, dry breezes that occur in the summertime.  Ancient Egyptians were the first to probably discover that these breezes became moist and cool as they blew through dampened mats or past clay pots filled to the brim with water.  However, Roman emperors commanded that snow be brought down from the mountains to cool their summer gardens.  For the Egyptian pharaohs, they ordered slaves to fan them with huge lotus leaves.  Around the year 700 AD, Japan used the idea of pleated (folded) fans, which were modeled after the way a bat folds its wings, to cool off; these became both ornamental as well as practical when they were utilized.  People who lived in many warmer climates designed houses that promoted good air circulation; high ceilings, deep porches, and large windows and doors were placed so that breezes could blow right through.  


Sometime between 1882 and 1886, the first electric fan was invented by Dr. Schuyler Skaats Wheeler.  He was able to combine Thomas Edison’s and Nikola Tesla’s research on electric power to develop a mechanical personal cooling fan powered by electricity.  His first model consisted of two blades and had no protective cage surrounding the blade.  It was marketed to the public by Crocker & Curtis Electric Motor Company.


Building on Wheeler’s invention was Philip H. Diehl.  He immigrated to the United States from Germany in the mid 1800’s, but lost everything in the Chicago fire of 1870.  He later moved to the East Coast and developed a flat motor for Singer Sewing Machines.  He decided to take this motor and mount a fan blade to it from the ceiling – and hence the modern day ceiling fan was born.  He went on to form Diehl and Company and got a patent for the fan in 1887.  He was able to improve his invention by adding a light to it and later making models that were mounted on a base--similar to today’s small desk fans.


Around 1904, Diehl and Company developed a split-ball joint for their fan, which allowed it to be moved back and forth, as well as up and down.  Then, in 1907, they took this concept one step further and developed the first oscillating fans.  However, the company took a big hit when World War I began and they were forced to shut down operations.  But the impact Diehl and Company made on the modern day fan cannot be understated – their innovations and ingenuity molded what we know today as an electric fan.

Chapter 2: Mechanical Engineering Aspect

For an oscillating table fan, the mechanical engineering aspect has to do with air flow.  With air flow, people want to know how much air is moved, and in order for the air to move from one place to another, a force is needed to overcome the resistance.  If the resistance is increased, there is less air flow.  Resistance to air flow is called pressure.  The fan makes noise as a result of the pressure variation caused by various parts of the fan, and that are sensed in our ear drums.  Basically, the power in the motor is the main part of the fan that will make the fan work.  The aerodynamics in the blades and the gears within the oscillating table fan work together with the motor to make the entire system work.  In addition, the mechanics of the fan is also in the casing around the fan and the general fan assembly.  Mechanical engineers work with the electrical engineers on the motor design to reduce unwanted noise and vibrations, which can make the fan unattractive to consumers.  


Furthermore, the oscillating fan has many mechanical engineering aspects that must be taken into account when reverse engineering a fan.  First is blade design.  A mechanical engineer must work with an industrial engineer to determine what amount of airflow the average consumer wants to get out of the fan.  Once that is known, the mechanical engineer can decide on what type of fan blade to use and of what material to construct it with.  For example, a material that has very little friction would be ideal for a fan blade because the consumer does not want dust to build up on his/her fan.


The second aspect of the fan related to mechanical engineering would be the oscillating mechanism.  As of right now, we are currently in the process of disassembling a fan, so when that is completed we should better understand how the fan oscillates and possibly how to improve the angle of oscillation of the fan.


The fan base is also of utmost importance to a mechanical engineer.  After all, when you have a large item oscillating over a shaft, there are forces created and one does not want his or her fan to tip over while in use.  This also must be analyzed and taken into account.  Along with this the column that supports the fan blade and motor must also be strong enough to support the blade assembly and motor.


Finally, a mechanical engineer must also work closely with an electrical and industrial engineer to reduce unwanted noise and vibrations from the fan motor and the oscillating process.  Motor speed, blade design, and the materials the fan is constructed of will play the ultimate role in excess noise produced by the fan.

Chapter 3: Electrical Engineering Aspect

An oscillating fan has many electrical engineering processes that make the fan work.  From the outlet, power goes to an integrated circuit, which controls the speed of the fan and also turns off the power to the fan.  From there, the power goes to a transformer and then to the motor that turns the fan blades and the gears which make the fan oscillate.  

Chapter 4: Industrial Engineering Aspect

In addition to containing several mechanical and electrical engineering aspects, an oscillating fan also has industrial engineering aspects.  For the industrial engineering side of an oscillating fan, one of the main aspects involves the ergonomics of a fan; it must be designed in the best optimal way such that it doesn’t make a lot of noise (even distribution of the blade), gets maximum air flow, and is relatively safe for use by anyone.  An oscillating table fan must be able to be designed to meet industry testing requirements, such as noise efficiency.  Also, industrial engineers that build a fan must design a set of safety rules and guidelines for use by any consumer.  Furthermore, for cost analysis, the oscillating fan should be built with the least or cheapest amount of money, while still retaining the quality of the material and durability in the fan.  

Chapter 5: Conclusion


In conclusion, there are many aspects to a fan, ranging from its mechanical engineering to its industrial engineering aspects.  All three engineers must work closely with each other in order to reduce unwanted noise and vibrations from the fan motor, along with the oscillating process.  The excess noise produced by the fan will play the major role in assigning the motor speed, blade design, and the materials that the fan is made and designed from.

Chapter 6: Improvements
During the process of designing an oscillating table fan, things can always go wrong.  One such example occurred with the recall of desk fans made by the Morton Paper Company sometime during November 2000.  The desk fan model being recalled was a 16 inch, “Pioneer” brand type desk fan.  The fans could overheat during use, and did not have sufficient guards to prevent possible finger entrapment. These fans presented electrocution, shock, fire, and finger amputation hazards.  Thankfully, no injuries were reported.   
When considering the redesign of an oscillating fan, an engineer must think about any improvements that can be made, such that the consumer can utilize it to their fullest potential.  Over time, the fan's blades can gather dust.  Therefore, in order to improve this, an engineer can design the fan's outer grill in such a way that it can easily come off for better cleaning.   This way, the fan is not blowing dusty air towards the consumer.  Another improvement that can be made is to have a wind up cord at the bottom, so as to decrease the hazard of tripping over the cord or plug.  

Chapter 7: References

All of the research that was done to find out about the history and various aspects on an oscillating table fan was basically through the internet.  The following websites were used in aiding us to find these aspects:  

http://www.casablancafanco.com/product/period_decor/zephair.html
http://ceaspub.eas.asu.edu/mae443/PDf_finals/final_reports/teamG.pdf
http://bergen.org/AAST/Projects/Engineering_Graphics/_EG2001/fan/index.html
http://www.csmonitor.com/2002/0806/p18s02-hfks.html
http://darryl.hudson.home.mindspring.com/FunFanFacts.doc
http://www.encyclopedia4u.com/f/fan-implement-.html#Mechanical%20development
http://www.safetyalerts.com/recall/p/00/01036a.htm
Furthermore, for the mechanical and electrical engineering aspects of the oscillating table fan, our group used a Windmere 2-speed (high and low, with a setting for shutting the fan off), white oscillating table fan.  Some of the various components of the fan can be seen in the following pictures:  
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Mechanical engineering aspect – exterior of Fan Motor   
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Mechanical engineering aspect – interior of Fan Motor   
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Electrical engineering aspect – Fan Wiring at Base of Fan   
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Electrical engineering aspect – DC Circuit attached to wiring on Fan Base   

