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Abstract—The Electrical and Computer Engineering Department at Montana State University has, for the past few years, been introducing new EE students to the field of electrical engineering through its ECEbot curriculum.  In this program, the students learn about electrical engineering by building and testing a robot vehicle.  In addition to providing a teaching tool for beginning students, the ECEbots have also been the subject of several senior design projects.  To provide an additional learning experience and needed power to subsystems being developed, an upgrade to the ECEbot’s power systems is being developed.  .
T
I. INTRODUCTION
his paper will define how various engineering standards and constraints have impacted the design of the ECEbot power upgrade.  These standards and constraints include economic, environmental, sustainability, manufacturability, ethical, health & safety, social, and political aspects that are considered in an engineering design.  
II. standards and constraints
A. Economic
The economic constraints placed on all engineering endeavors can, in many instances, be the most demanding of constraints taken into account while developing a new product.  The cost of the components comprising the design, the costs required to manufacture the product, and the costs of all the incidentals attached to the project must be taken into account.  This was especially true in the design of the ECEbot power upgrade.  This circuit will be utilized by students in the ECE program and will be paid for by them.  This being the case, special care was taken in choosing the components to be used in the circuit design.  Many options were discussed such as the inclusion of an on board charging circuit, high capacity lithium ion batteries, and the use of surface mount components.  The on board charging circuit was determined to be unnecessary due to the large increase of final circuits size on the board and the many components required to create the charging circuit.  The use of an optional, external OEM battery charger was elected instead because of the modestly priced options available and the flexibility in acquisition.  It was decided that instead of expensive lithium ion batteries, high capacity nickel metal hydride batteries would be used instead.  These batteries were found to be much more readily available, at competitive prices, from numerous suppliers of whom can be ordered from directly through the ECE stockroom.  In addition to this, standard alkaline batteries can still be used if so desired.  Through hole components were chosen as opposed to surface mount components to make the circuit more affordable to manufacture.  The surface mount regulators considered for the design required many external parts as well as break out boards to adapt them to the main circuit board.  Comparable through-hole components did not require as many external components or any board adaptation.  In addition to the reduction in external components required by the regulator itself, the elimination of the over current protection circuit was achieved by selecting a through-hole regulator with it built in.
b. enviromental

The environmental restrictions placed on an engineering design can be crucial and frequently inflexible.  The environment that the final product will exist in can be either conducive to its desired operation or an obstacle to get around.  It can vary from one extreme to another and the possibility of quick or violent shifts are possible.  The ECEbot power upgrade, however, is not required to operate or survive in any kind of an extreme or changing environment.  It is to be used at room temperature, indoors, normally in a lab environment.  Due to these facts the design of the power upgrade circuit was not impacted by environmental restrictions except those resulting from the surrounding circuits.  The circuit was designed as a separate board that will be mounted away from these surrounding circuits so any potential effects relating to the environment of the ECEbot will be negligible.

c. sustainability

Sustainability of a circuit design is a crucial issue in the development of a useable product.  It is necessary that the components that comprise the circuit be readily available at the time of circuit design and during the lifetime of the product.  For this circuit design many of the components are standard and generic.  They are currently available in large quantities in the ECE stockroom and are expected to continue being available for the foreseeable future.  The parts required for the circuit design that were not available in the ECE stockroom were chosen from reliable suppliers.  These components were also specifically chosen from vendors that the stockroom can deal with and order from directly.   Two options under consideration for the prototype circuit are the use of a simple protoboard and that of a printed circuit board.  Protoboards are readily available in the ECE stockroom and printed circuit boards can be obtained in varying quantities from numerous suppliers.  It was decided that either option would be a reliable, dependable solution to the construction of current and future ECEbot power upgrade circuits.

d. manufacturability

Manufacturability decisions made during any engineering design process can be far reaching and important to the final outcome.  Decisions that are made in regards to this constraint include the types of materials used in the design and how they are managed in the assembly process.  It was decided early on in the circuit design that through-hole components would be utilized instead of small scale or surface mount types.  Despite the fact that several high quality surface mount converters were available it was decided that the use of through-hole components would be more prudent.  This decision was made because of how the ECEbot power upgrade circuit will ultimately be manufactured.  This circuit is intended to be assembled and used by students in the ECE program.  It was found that surface mount components and their associated adapters, like surf boards, would be unmanageable in the assembly process.  This being the case the decision was made to use only through-hole components to manufacture the ECEbot power upgrade circuit. 
e. ethical

Ethical considerations that can arise in the engineering design process include the avoidance of plagiarism, fair use of another's work, and preservation of integrity with regards to conflicts of interest.  The ECEbot power upgrade project did not specifically take into account nor require the team to work around these aspects related to ethics.  Conflicts of interest were not a concern because none of the project team members had previous professional associations with any of the companies or manufacturers involved with the components used in the project design.  The project did not take into account any specific plagiarism or fair-use constraints either.  All of the research and design work done for the power upgrade project was conducted by the project's team members.  The project uses commercially available parts and involves the use of either common circuit designs and practices or designs uniquely created by the project's team members.
f. health & safety

Health and safety aspects that influenced the ECEbot power upgrade included the selection of safe, appropriate components and rechargeable batteries.  It was determined that through hole components should be used in the assembly of the circuit.  The ECEbot has historically been built by EE 101 students as an introduction to Electrical Engineering.  This power upgrade is intended to be an optional addition to the ECEbot.  It was thought that the use of surface mount components would not be the best choice due to the difficulty of assembly and soldering.  The assemblers of these robots are generally inexperienced at soldering; therefore through-hole components were utilized in the design to reduce the risk of accidental burns and other possible related safety issues.  Standard AA NiMH rechargeable batteries were also chosen for use in the design as opposed to larger, more complex lead acid or lithium ion batteries.  It was decided that a standard AA style battery would be a better choice considering the wear and tear resulting from the removal and installing of the batteries many times for recharging.  It was decided that an AA style battery would be less prone to punctures, breaks, and leaks compared to a block style battery and therefore more appropriate for the ECEbot power upgrade.

g. social

Social implications of an engineering design can be both subtle and obvious.  The purpose of the product resulting from an engineering design is to be used by the customer and various other people connected to them.  The ECEbot has been a valuable learning tool for the ECE department at MSU since its inception in 2004.  The ECEbot power upgrade, as a component of the ECEbot, will be used, evaluated, and judged by faculty, students, and professionals in the field of electrical engineering.  For these reasons, the team committed to a circuit design that would be attractive, reliable, and of a professional quality that will cause people to reflect positively on the ECEbot and on the University’s electrical engineering program by extension. 

h. political

Political aspects can play a major role in the design of many electrical devices.  From FCC requirements to NEC codes and beyond, the design of an electrical circuit must meet the requirements decided upon by the government or other regulatory body.  Our circuit design, however, is not impacted directly by any such rules or regulations.  No political impacts were accounted for in the decisions made for the design of the ECEbot power upgrade.

III. Conclusion

The engineering standards and constraints related to the design of the ECEbot power upgrade have helped guide and dictate the direction of the circuit design.  It is the team’s opinion that the obstacles imposed by these ‘aspects of engineering’ were able to be evaluated and the best decisions required to accommodate them were made. 
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