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NEED ANALYSIS AND SPECIFICATIONS
Need Analysis

· Through Sales Department 

· Federal and State Governments  - needs of large groups 

· Customer Survey of product in actual use

· Investigating competitive products

Specifications, Constraints, Codes and Standards, and Other Considerations
A Specification is a document intended primarily for use in procurement that clearly and accurately describes the technical requirements for items, materials and services including the procedures by which it will be determined that the requirements have been met [1].

Constraint is a restriction or limitation – it could be financial, time, space or resource limitation determined by the customer.

Determining Restrictions by Groups with Authority - refer to the publications of these organizations. These organizations derive;

· power from respect of the consumer

· power and authority by law and can demand that their standards be met.

A standard is a document that establishes engineering and technical limitations and applications for items, materials, process, methods, designs, and engineering practices.

Standards include [2, 3]; 

· workplace standards- Occupational Safety and Health Administration (OSHA) - mandatory

· Regulatory Standards 

· product standards - Prescriptive specifications (Underwriters Laboratories Standard (UL), American Society for Testing and Materials (ASTM), Performance specifications of a product.

· Mandatory standards and voluntary standards.

· Value Standard

Standards Organizations

· The American National Standards Institute (ANSI) - represents USA on ISO International Standards Commission of the International Organization for Standardization (ISO)

· The Underwriters' Laboratories (UL) has 350 standards

· The American Society for Testing and Materials (ASTM) - has about 4000 standards

· The National Fire Protection Association (NFPA) - The National Electric Code (NEC) is one of its publications

· The National Safety Council (NSC)

Some Non-Military Agencies have Power Given by Congress with Legal Authority
· The Food and Drug Administration (FDA) - 1906 Food and Drug Act

· The Federal Trade Commission (FTC) - Through Magnuson-Moss Warranty Act.

· The Occupational Safety and Health Act of 1971 which established OSHA.

· The Consumer Product Safety Commission (CPSC) - 1972 protects from unreasonable risk.

· The Environmental Protection Agency (EPA) in 1970 - The Clean Air Act, Water Pollution Control Act. Safe Drinking Water Act, Solid Waste Disposal Act, Federal Insecticide, Fungicide and Rodencide Act, Toxic Substances Control Act, and Noise Control Act.

Other Design Considerations

In your design, discuss the consideration of each of the following: If any one of these is not applicable to your design, say N/A, and explain why it is not applicable. 
· Aesthetical Considerations – Discuss how the aesthetics (appearance, conformity with the surroundings were considered in the design and how does it affect its environment.
· Economic Considerations – Discuss how the cost of various components and subsystems were considered in the design phase to make it an economical design.

· Environmental Considerations – Discuss what factors were considered in your design that it will have the least negative impact on the environment.

· Ethical Considerations – what code of ethics factors were considered in your design.

· Health and Safety Considerations – What health and safety requirements (OSHA, NEC, IEEE, ASTM, other applicable codes and standards) and human factors were considered in your design?
· Manufacturability Considerations – discuss the factors considered in design that will make it easy to manufacture economically and environmentally (green manufacturing), and considerations of just-in-time manufacturing, inventory, logistics, storage.

· Reliability: Discuss the desired reliability required and how it is considered and achieved in the design
· Testability: Discuss how testing of the system is carried out and how testing conditions were considered during the design. 

· Sustainability Considerations – discuss how maintenance, repair, and upgrade of your design until retirement considerations affected your design selection.

· Security – Discuss how the physical and intellectual security is considered in the design and what impact this design has on physical and intellectual security of the environment where design is used.
· Societal Considerations – Discuss what social factors that impact society were considered in your design and how does it impact the society.

· Political Considerations – What political implications are applicable to your design and what were considered in your design?
· Energy Considerations: Discuss the energy requirements are and what decisions affected the design requirements.

· Space Requirements: Discuss how space requirement considerations affected your design.

· Weight Requirements: What are the system weight requirements and how did they impact your design requirements.
ENGINEERING PROBLEM SOLVING AND DESIGN
The Problem Solving Process

Engineers pride themselves as being problem solvers.

Creative Problems Solving

Creative thinkers are distinguished by their ability to synthesize new combination of ideas and concepts into meaningful and useful forms. Engineering creativity is more akin to inventiveness than research.

Listed below are some of the positive steps you can take to enhance your creative thinking.

1. Develop a creative attitude.

2. Unlock your imagination. Ask "why" and "what if"?

3. Be persistent - Edison tested over 6000 materials before he discovered the species of bamboo that acted as a successful filament. Edison said "Inventions 95 percent perspiration and 5 percent inspiration."

4. Develop an open mind. Seek ideas from any and all sources.

5. Suspend your judgment. - remember creative ideas develop slowly.

6. Set problems boundaries. Establish the boundaries.

Invention is something novel and useful. They can be classified into seven categories.

1. The simple or multiple combinations.

2. Labor saving concept.

3. Direct solution to a problem.

4. Adaptation of an old principle to an old problem to achieve a new result.

5. Application of a new principle to an old problem.

6. Application of a new principle to a new use.

7. Serendipity. Accidental discovery.

Brainstorming – Creating Solutions

The teaching of creativity has almost become a cult. It is the best-known operational technique for idea generation. There are four fundamental brainstorming principles.

1. Criticism is not allowed.

2. All ideas brought forth should be picked up by the other people present. All outputs of a brainstorming are to be considered a group result.

3. Participants should divulge all ideas entering their minds without any constraints.

4. A key objective is to provide as mania ideas as possible within a relatively short time.

Some general questions that have proved useful are;

· Combinations - of proposed solutions

· Substitution. What Else? Who else? What other place? What other time?

· Elimination. Is it necessary?

· Reverse. Turn it upside down.

· Other use.

Development of Alternate Designs

After some viable alternative designs have been developed that satisfy all the specifications and constraints of the desired design, other factors can be considered in selection of an optimum alternative to be followed with the detailed design steps. 
Morphological Analysis

Morphological analysis is a systematic structured approach to problems definition and solution that uses a simple matrix or morphological box. The first step is to identify two or three major functions that the must be performed by the system. The morphological analysis should be repeated for the cells in the matrix that appear most promising [3].












Figure 1. Morphological Analysis of a Design [5]

Decision Making (Selection)
Decision Matrix

A clear and simple way to arrive at a design decision with a decision matrix has been presented by [5].




Table 1

Decision Matrix (an example)
	Criteria
	Priority

%
	Alternative 1/Total
	Alternative 2
	Alternative 3

	Aesthetical Considerations
	5
	4/20
	6/30
	5/25

	Economic Considerations
	35
	6/210
	8/280
	5/175

	Environmental  Considerations
	15
	6/90
	8/120
	4/60

	Ethical Considerations 
	5
	3/15
	9/45
	8/40

	Health and Safety Considerations   
	10
	8/80
	8/80
	5/50

	Manufacturability Considerations   
	na
	5/0
	6/0
	4/0

	Reliability  Considerations
	5
	8/40
	10/50
	7/35

	Testability   Considerations
	5
	8/40
	8/40
	6/30

	Sustainability Considerations
	5
	8/40
	10/50
	5/25

	Security Considerations
	5
	8/40
	10/50
	6/30

	Societal Considerations 
	5
	5/25
	6/30
	5/25

	Political Considerations 
	na
	3/0
	10/0
	4/0

	Energy Considerations:  
	5
	8/40
	6/30
	9/45

	Space Requirements 
	0
	9/0
	9/0
	6/0

	Weight Requirements 
	0
	8/0
	7/0
	6/0

	Overall score
	100
	640
	805
	540


Risk and Reliability

Risk is the potential for realizing some unwanted and negative consequence of an event. Table below shows six classes of risk. We must realize that risk exists only when a hazard exists. And something of value is exposed to that hazard.

Table 1

Classifications of  Societal Hazards [4]

Category of Hazard




Example

Infection and degenerative


Influenza, heart disease

Natural Disaster



earth Quakes, floods, hurricanes

Failure of large technological


Failure of dams, power plants

Discrete, small scale accidents

automotive accidents, power tools

Low level , delayed effect 


Asbestos, PCB, microwave


Sociopolitical disruption


Terrorism, nuclear  weapons








Proliferation

Engineering risk can be considered the link between technological growth and social values as they are reflected in public policy. Risk assessment has become increasingly important in engineering design as the complexity of engineering systems has increased.
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