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Abstract

The traditional automotive oil filter available today needs improvements in order to be less harmful to the environment.  Although standard oil filters are inexpensive, they are difficult to recycle and account for an annual loss of over 68,000m3 of motor oil in the United States alone.  Currently, only 15% of automotive oil filters are recycled a year.  The objective of this project is to design a permanent housing to contain a given ceramic oil filter element.  The design allows for the ceramic cartridge to be removed and recycled.  A new ceramic filter element is then reinstalled into the permanent housing.  The housing is designed to optimize the ease of replacement, improve manufacturability, and decrease production cost in order to increase the competitiveness of the reNU filter to the traditional filter.       
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The Need for Project
	Current oil filters are needlessly discarded into landfills and potentially harm the environment. There is a need for a new filter that will allow for the recycling of valuable oil.

	Traditional automotive oil filters are inexpensive, but the process of retrieving spent oil from the filter is time consuming and costly, rendering large scale recycling efforts unsuccessful.  Close to 500,000,000 oil filters and 68,000m3 of used oil are discarded into U.S. landfills each year.  The environment will benefit from the development of a recyclable oil filter.  Previous NEU projects have already proven that a ceramic filter element can meet this demand.  Through testing, NEU has shown that the element provides improved filtering efficiency over the traditional oil filter.  NEU had developed a prototype housing that contains the element.  The prototype consisted of a permanent housing that enabled dirty oil to pass through the ceramic filter then back into the engine.  The model has provided a proof of concept that warranted further investigation and development.  A marketable, manufacturable product is now required.    


The Design Project Objectives and Requirements 

	The objective of this project is to design a cost-effective permanent housing that will hold a given ceramic oil filter element.
  
	Design Objectives
The objective of this project is to provide car owners with a recyclable alternative to the traditional oil filter.  The housing design must be produced in order to optimize the ease of replacement, improve manufacturability, and decrease production cost in order to increase competitiveness within the current oil filter market.
Design Requirements

The permanent housing must meet several design requirements, including: flow rate, pressure drop, filtration efficiency, common physical dimensions, and reusability.  The prototype operates at a nominal flow rate of 3 gpm of 5W 30 automotive oil and within a temperature range of 0 - 250°F. The internal pressure release mechanism engages at 12psi, and allows oil to circulate through the system in the event that the ceramic filter becomes clogged. The element must be able to filter particles of at least 20 microns.  The overall dimensions of the housing are comparable to a similarly sized competitor's oil filter, the FRAM PH8A. The intended lifetime for the permanent housing is 10 years.


Design Concepts Considered 

	The team was given a prototype that needed to be further simplified in order to reduce cost while maintaining performance superiority over traditional paper oil filters.
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	The previous design showed marked performance improvement over the traditional paper oil filter.  Oil flowed up through the perimeter holes of the Engine Adapter and around the walls of the housing before coming down through the ceramic filter element and back into the engine.  It incorporated a diffuser cone that would separate the clean oil leaving the filter element from the dirty oil entering through the adapter.  However, the design did not have a working pressure release mechanism that would allow oil to bypass the filter should it become clogged.  Ball valves were recommended but never tested (they are not shown in the figure to the left.)  
In order to simplify the design and thereby lower the price of production, it was determined that significant modifications were necessary.  The final design changed the direction of oil flow within the filter.  This alteration accomplished two goals: the part count was reduced and a pressure release mechanism was incorporated at the most basic level of our design.  The prototype also included several changes that made for easier and cleaner replacement and transport.  


Recommended Design Concept 

	The simple design of the reNU oil filter housing ensures that the overall cost of the product will be competitive with current automotive oil filters.
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	Design Descriptions
The design of the reNU oil filter housing incorporates a ceramic oil filter element with a central bore. The permanent housing is composed of five steel parts: an Engine Interface Adapter (EIA), a Press Fit Threaded Ring (PFTR), a stamped can, a spring and a spring plate.  In addition, there are five rubber parts included for sealing purposes:  the O-Ring, the outer seal, the EIA seal, the inner seal and the Anti-Flow Back Valve (AFV.) The AFV is a rubber flap that prevents oil from flowing back into the engine while the car is not running.  It is intended for this design to match or improve upon the existing functionality and filtration efficiency exhibited by a traditional automotive oil filter, while keeping similar standard dimensions.  The team chose to use the standard Fram PH8A for dimensions and baseline data.   

The flow of oil through the reNU Oil Filter is crucial to the design of the housing. The dirty oil from the engine flows up through the outer holes of the EIA, past the anti-flow back valve and though the ceramic oil filter, before returning through the central bore of the ceramic element and back into the engine through the center hole of the EIA (refer to the figure on the left.)  
The EIA is designed to connect to the engine using the same interface as the Fram’s PH8A.  Consequently, the prototype features the same surface area for dirty oil to flow into the filter and a central hole through which the clean oil can flow out of the filter.  The outer diameter of the housing was also designed to match the PH8A.   

Fram provided the team with the steel cans used in the PH8A. The prototype was designed in order to fit these dimensions and characteristics. The PFTR is a machined ring press fitted into the steel can for a permanent connection. The PFTR has inner threads that match the external threads of the EIA. When replacing the ceramic filter, the entire assembly will be removed from the engine before a new ceramic element is installed.  When the can assembly and the EIA are screwed back together, the EIA seal is clamped once again. 

Critical to the function of the reNU housing, the spring and spring plate sit at the top of the can assembly.  The Fram PH8A has a pressure release valve which trips once the pressure inside the filter reaches 12 psi.  In the event of that the ceramic element is compromised and pressure inside the housing reaches 12 psi, the spring will allow oil to bypass the filter and return to the engine in order to prevent the engine from running dry. The reNU design incorporates the same concept
Experimental Investigations
Initial testing has been conducted to ensure that the filtration efficiency and pressure drop across the reNU filter design is comparable to that of the Fram filter. Pressure drop, flow rate, temperature, and filtration efficiency data was recorded using the Fram filter, and is used as a benchmark comparison point for the reNU design.  Although initial testing proved that the reNU pressure drop was comparable, visual inspection of unfiltered and filtered oil through the prototype indicated that there was an internal sealing issue. A stiffer spring to create a tighter seal within the reNU prototype will be incorporated in order to attain more accurate data, as testing of the prototype is ongoing.
Key Advantages of Recommended Concepts
The reNU design improves upon previous prototypes by reducing part count and utilizing simpler manufacturing procedures.  These improvements ensure that the cost of the product will be competitive within the current market. 


Financial Issues 
	The part count and amount of scrap produced from previous groups has been reduced.  This will result in a significantly lower production cost.  Unfortunately, attempts made to collaborate with potential suppliers in order to estimate a total unit cost have not been successful.  Cost estimation software will help the team to calculate this important value.  
	The recyclable filter element alone costs approximately what standard oil filters cost ($5 - $15), so it is important to minimize the cost of the housing as much as possible.  The team is currently procuring cost estimation software in order to determine the best method of production for this design.  Mass production of parts is assumed in the cost estimation.
Although the reNU filter is expected to be slightly more expensive than the traditional oil filter, it presents significant environmental benefits to a market vying for efficient and green alternatives to current automotive habits.  The added environmental value is expected to offset the additional cost of this product and make it competitive with current filters. 


Recommended Improvements 
	Proper size scaling and recycling processes need to be further investigated.
	A further investigation of sealing is needed to determine how well the seals would last in a long-term engine environment.  Recyclability is the main selling point that distinguishes this oil filter from traditional oil filters.  A study should be done on best practices of recycling processes that encourage consumer participation.  
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