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Abstract

The manufacturing systems and techniques class at Northeastern University is in need of a classroom laboratory that will integrate hands on practice with classroom theory.  The project was to design a modular flexible manufacturing system (FMS) capable of introducing a practical application of manufacturing performance metrics such as production rate, machine efficiency, work-in-process, and manufacturing lead time to the laboratory environment. Students will analyze the performance metrics under a variety of manufacturing system scenarios including buffer use, batch production, mass customization, and lean environments.  The students will then make recommendations on line balancing, structure and be required to develop additional plans to improve any of the key performance measures.
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This project was the first phase of a multi-phase effort. The primary focus of this first phase was placed on the design of the material handling system (MHS) and the students’ laboratory reports. The design solutions for a conveyor gap problem, along with the laboratory reports and the system structure are discussed in this report.

The Need for Project 

	Students need a laboratory experience that reinforces the theories learned in the classroom.

	The manufacturing systems and techniques class at Northeastern University lacks a laboratory experience that allows the students to relate the classroom theories with practical applications.  Creating a flexible manufacturing system, or group of machines connected through a material handling system, allows the students to recognize the differences between manufacturing scenarios and to measure those differences in terms of the performance metrics taught in the class.  
Implementing a flexible manufacturing system allows students to gain hands on practice with material covered in the class.  Students can be more involved with what they are learning and the laboratory experiments can reinforce the knowledge that students gain in class.



The Design Project Objectives and Requirements 

	A mobile FMS and four laboratory experiments and reports are needed for a successful project.
	Design Objectives
Laboratory reports must be written to clarify the topics of buffers, batch production, mass customization, and lean manufacturing. The flexible manufacturing system (FMS) must be designed to support the manufacturing scenarios outlined in these labs. The FMS, when completed must be capable of being moved to and from the classroom and therefore must be designed as a multiple piece (modular) system.  Because of the gap problem discussed in the material handling problems and solutions section, a bridge was designed to add support for the pieces as they move from one conveyor to the next. 
Design Requirements

Each of the four lab designs must be designed to engage students over a two hour class period.  The students must be actively learning and understanding the data that is being presented during the lab time.
The flexible manufacturing system must fit in an 8’ x 15’ space and must be able to partially disassembled to be moved through a 3’ doorway.  There must be enough room on the tables to support an 8” wide conveyor and a desktop shaping machine.
Because of the rounded ends of the conveyor belts as discussed in the material handling problems section, a 1.5” gap exists where the products on the material handling system are unsupported.  A bridge was designed to pull power from the conveyor belts and to provide support to the products moving on the belt.


Design Concepts considered 

	We developed three possibilities for FMS setups, only one was feasible given the project requirements.

There were six options for the laboratory reports, four of which were used to create the lab reports. [image: image1.png]



Figure 1: FMS at Boston Univ.

  
	The FMS design chosen was the third iteration.  The first design was eliminated because of an inefficient use of the space and a lack of expandability.  It used a straight-line design.  If the straight line system were implemented, there would be a limited number of machines that could fit in the system and once that limit was reached, there would be no more options for the system.  An S-shaped design, where the conveyor belt wrapped around the machines and offered more options for part accessibility for the machine, was eliminated because of the amount of expensive custom parts needed to make it work and an overuse of space on the support table.
Also considered for the laboratory reports were experiments based around scheduling and profitability.  The scheduling lab was not used because there was not enough of a relationship between what needed to be done in the experiment and what was being taught in the class.  The profitability option was not chosen because there was not enough variability and work needed to be done in order to create a full lab.



Recommended Design Concept 

	Four labs covering buffers, batch production, mass customization, and lean production.
The designed flexible manufacturing system will allow for the students to effectively learn the proposed topics. 
	The foundation for this project is the set of laboratory reports.  The group has developed four lab experiments that will cover the main topics covered in the course.  The flexible manufacturing system will be developed in several phases; the first being the design of the material handling system.
(1) Design Description
At the project’s completion, the flexible manufacturing system will consist of eight work stations.  Each work station is a self contained operation.  The FMS is designed to hold desktop-sized machines capable of shaping the basic materials that will be consistently available in the machine shop, (i.e. wood, steel, PVC plastic).   The final implementation will involve a central computing system capable of starting and stopping the conveyor belts, directing the machines, and controlling the robots.  When complete, the FMS will allow the students to apply knowledge of scheduling, batch production, CNC control, lean manufacturing, and customized manufacturing.
Because the flexible manufacturing system will be installed in phases, the current laboratory experiments were designed with students acting as the machines.

The material handling system design will contain eight support tables as a base for ten individual conveyor belts coming together to form U-shaped system.
(2)  Analytical Investigations 
Initial investigations began into the stress on the support tables caused by the vibration of the desktop machines.  In the information gathering stage, manufacturers of the desktop machines determined that the vibration of the machines was negligible.
(3)  Experimental Investigations
Time studies were performed on the tasks associated with the labs.  The first three labs will have the stations working as a balanced line from the beginning based on the time study data.  The fourth lab will rely on the students to time the group activities and then balance the line.
(4)  Key Advantages of Recommended Concept 
The lab reports were written and can be implemented at the next offering of the Manufacturing Systems and Technologies class.  Students can participate in the system and develop a working knowledge of the theories taught in the classroom.  With the material handling system design, up to eight machines can be added to the system by the future phases.  



Financial Issues 
	Material handling system costs are $21,000 plus shipping costs and any additional costs for the conveyor bridge designs.
	The price of the material handling system is spread across two major components. The conveyor system is made up of ten separate conveyor pieces ranging from a standard 48” length to a smaller 19” length.  The total cost of the conveyor system, including an educational discount from Mini Mover is $16,000.  The support tables and castors that will be holding the conveyor system cost approximately $500 each plus shipping and handling, and the castor wheels that will be added to the tables cost $87 each.  The total cost for the FMS is approximately $21,000.
Additionally is the design of the conveyor bridge.  The final parts list has not yet been compiled but an estimate of the parts cost lies in the range of approximately $50 to $75 due to adjustments on the conveyor belt necessary for implementation.



Recommended Improvements 
	Future phases can improve the system with the addition of highly controllable desktop CNC machines.
	The flexible manufacturing system design hinges on the development of the laboratory experiments.  Any improvements on the FMS must coincide with the objectives set forth in the laboratory report set.  Therefore the potential for the system is limitless as the technology for making desktop machines more functional.  Future phases of this project can research powerful machines that will allow students a greater amount of control over the system.  With a higher degree of control, more can be done from a teaching standpoint to evolve the laboratory experiments.
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