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Problems
· Well posed in very compact Form. Well-posed means that the statement of the problem is complete, unambiguous and free of internal contradictions. 
· Solutions to each problem are unique and compact. 
· Readily identifiable closure. Easy to recognize when the answer has been obtained. 
· Problems require application of very specialized areas of knowledge and little doubt what the subject is for each problem. 
Characteristics of Engineering Design: 
· The design problems are poorly defined or are incomplete because of missing information or uncertainty.
· Solution are neither unique nor compact
· The solution often requires integration of knowledge from many different fields, including Science, Math and Engineering. 
· It is difficult to achieve a final best solution. After a design is completed, there are always potential for future work and revisions. 
· Should be inexpensive and satisfy all relevant safety standards
Many options on how to learn to design 
· Option 1: by describing a set of process, techniques, methods, and going through them in depth. 
· Option 2: by doing Design over and over again, taking the time to reflect on the process, reflecting on success and failure, and learning by hands on experience. 
· Option 3: by examining other similar design applications. 
· Option 4: by following general design strategies and methodologies. 
· Best approach: we need to experience design to design. 

· Designs are based on iteration cycles: 
1. Recognize the need 
2. Definition of Problem
3. Synthesis
4. Analysis & Optimization 
5. Evaluation 
6. Presentation 

· Other cycle: 
1. Define a problem 
2. Identify what’s needed to solve the problem 
3. Brainstorm solutions 
4. Make and test the best solution 
5. Evaluate results 
6. Improve results (go back to make and test the solution and goes through a cycle) 
7. Share results
8. Improve results (go back to identify what’s needed to solve the problem) 
Design Process 
1. Identify Need 
a. Talk with lient 
b. Project Goals
c. Information Gathering 
2. Problem Definition 
a. Problem Statement 
b. Information Gathering 
c. Design Objectives
3. Conceptualization
a. Brainstorming 
b. Drawing/Visualization 
c. Functional Decomposition 
4. Preliminary Design & Planning
a. Preliminary Specifications 
b. Preliminary Analysis 
c. Decision Making 
5. Detailed Design 
a. Detailed Analysis 
b. Simulate & Optimize
c. Detail Specifications 
d. Drawing, GD & T
6. Prototyping 
a. Prototype Fabrication 
b. Concept Verification 
7. Testing/ Evaluation 
a. Evaluate Performance 
b. Are Objectives Met?
c. Iterate Process Steps 
d. 2-7 as needed
8. Report/Deliver
a. Oral Presentation
b. Client Feedback
c. Formal Design Report
Customer requirements:
· Key to establishing requirements is to identify the end users of the product and envision how to the product will be utilized from the perspective of the end users. 
· Various techniques can be utilized to assist in defining customer requirements including: 
· Focus groups 
· Surveys
· Customer requirements are classified into categories to assist in performing comprehensive assessments. 
· Function: tells what the device must do using general non-quantitative statements generalizing avoids the tendency to incorporate preconceived ideas into product. 
· Design Requirements: detailed, usually quantitative statements of expected levels of performance. 
· Evaluation criteria (Ranking): statements of desirable qualitative characteristics of a design that assist the designer in deciding which design option is to be selected as the best and final configuration. 
Most designs evolve through a cycle of activities
1. Identify customer requirements 
2. Designed functions 
3. State design requirements 
4. Define evaluation criteria. 
5. Propose several alternative design concepts
6. Evaluate each proposed alternative 
7. Rate each alternative against evaluation criteria 
8. Select the optimum design concept
9. Complete detailed design of the selected concept
Engineering requirements
· Yield strength 
· Young’s Modulus 
· Mounting Hole Separation 
· Weight 
· Maximum deflection 
· Cost
· Effective spring constant 
· Plating thickness
· Effective Spring Constant 
Other format of design process:
1. Recognizing the need
a. Describe a current situation that is unsatisfactory 
b. Establish improvement in current situation as the ultimate purpose of the project. 
c. Identify the customer
i. Can be individuals, group whose need you are responsible for satisfying. 
d. Gathering the customer needs (surveys, interviews, questionnaires, be the customer) 
e. Interact with the client 
i. Identify the actual need as early as possible. 
f. Format for need statement 
i. The need describes the current unsatisfactory situation

2. Defining the problem 
a. Goal: one of the three components of problem statement. Ideal response to need or future condition. 
i. Some approaches eliminated by choice of goal
ii. Failure to define the need statement & goal statement will certainly lead to a design failure. 
iii. Translate need Statement: describe the need as an expression of current situation that is dissatisfaction 
iv. Goal Statement: brief, general, and ideal response to the need statement. 
v. Consider the scope/boundaries of the goal statement. 
b. Objective: Serves as indicators of progress towards achieving the goal. 
i. Quantifiable expectations of performance that you aim to achieve
ii. Establish operating conditions (environment) under which a design will operate. 
iii. Identify the performance characteristics of the design that are of most interest to the customer. 
iv. Describe those characteristics or conditions in a way you and the client can decide if the design meets expectations. 
v. Inexpensive, no significant damage to parts, easily recyclable, operative, objective should be measurable 
c. Constraint 
i. Design objectives to avoid/ not exceed 
ii. Permissible range scope of the design and performance parameters
iii. Quantifiable performance values to avoid, not exceed 
iv. Two types of constraints: equality and inequality 
v. Type of constraints: 
1. Yes-no Constraints
2. Equality Constraints
3. One sided inequality Constraints
4. Two sided inequality constraints 
vi. Develop the design objectives (project, need, goal, table of design objectives) 
1. Technology limits 
2. Human And environment concerns 
3. Durability and reliability 
4. Cost 
5. Market requirements 
A design is created after analysis, full understanding of requirements and constraints and synthesis. Two individuals may not come with the same solution to the same problem. One approach to forming and organizing groups of criteria is to use the criteria tree, which display criteria in multilevel tree format. At the lower level, the subsets of criteria are clustered under groups displayed at the next level in the tree. In turn, some of the group within a given level can also be clustered under more compassing groups at the next highest level. 
Developing design criteria: 
1. Identify classes of options
2.  List advantages and disadvantages of options. 
3. Develop a consolidated list of criteria (shock protection, noise large separation distance, lubrication requirement, speed capability, misalignment, installation/replacement ease, bearing loads, life expectancy, size, operating temperature, cost, high torque capability, creep) 
Problem formulation terminology: need, goal, objectives, constraints, criteria, characteristics, functions, specifications, performance specifications, design specifications, customer requirements, engineering requirements, design parameters, performance parameters. 
Sub functions: Distinction between function and particular approach to performing that function depends on the level of detail of the system description. (energy inputs, material inputs, information inputs –> outputs) 

3. Planning the project 
· Overall plan is developed
· Identify tasks that need to be accomplished and in what order. 

4. Gathering information 
a. Each design problem requires unique combination of information sources: published media, benchmarking, analogies, people, worldwide web (trade summaries information research services). Physically or electronically gather the information 
b. Information regarding similar projects and solutions in place
c. Constraints based on codes and standards 
d. If little information on topic, may have theoretical research or theoretical design 
e. Experimental verification: perform experiments or develop to models to obtain necessary information.
f. Develop new models to evaluate alternatives 
i. Customer: person/group that has a commissioned the work or design 
ii. Stakeholders: other parties that are affected or impacted by the work or design
iii. Experts/Professionals: people with specific expertise/experience related to work or design 
g. Base design on existing information rather than relying exclusively on own ideas. 
h. Information: technical, economic, simulation, acquisition 
i. Stage of information acquisition:
i.  identify the kind of information required. 
ii. Determine how reliable and credible the information is
j. Referencing: reference all your materials/information obtained in your reports 
k. Statistical Data: federal and state government can collect, analyze and disseminate lots f statistical data that no other entity can

5. Conceptualizing alternative approaches
a. Creativity and imagination 
b. Possible design solutions are envisioned 
c. Wide range of design options first as defined for step 2 constraints 
d. Out of the box thinking – analytical thinking 

6. Evaluating the alternatives 
a. Analyze each option to see if the design constraints are met 
b. Evaluate critera to determine if they satisfy objectives and constraints. 
i. Safety, performance, ease of manufacture, ease of service or replacement of components, ease of operation, low initial cost, low operating and maintenance costs, small size and low weight, low noise and vibration, fast cheap good 

1. Synthesis: where you cope with options and ideas (brainstorming) 
2. Alternatives: brainstorm and come up with many different solution schemes as possible. Never settle on first idea. 
3. Analyse and optimize: finalize design, create drawings, analyze stress. If designing series or families of parts, look at automating (macro, ANSYS).
4. Evaluation: build prototype and test
5. Presentation: oral presentation to customer, opportunity to sell design 

7. Selecting the preferred alternative 
a. Able to choose from the 3 below such that customers preferences/values are reflected (design, cost drivability, damage control and recyclability) 

8. Communicating the design 
a. Provide record for the engineer to justify and reconstruct what they did and what has been done. 
b. Clears fog and serves as a bridge/ prolonged period of inactivity on project
c. Allow engineers to follow the route you forged through the swamp. 
d. Requires hard work, attention to details 

9. Implementing the preferred design
a. Translation of design concepts into actions
b. Design for manufacturing 
c. Design for assembly 
Essential to know desires and expectations of all customers before beginning product design 
· Apply iterative design process/ methodology; 
· Understand and define an engineering problem and determine objectives for a designed design project; 
· Generate and asses alternative conceptual design solutions using systematic methods; 
· Apply engineering methods/tools for the analysis and planning of design project activity; 
· Participate effectively in teamwork during design process for execution of design project; 
· Produce design parts/ assembly with smaller scales using 3D printer(s). 
· Prepare professional engineering reports, and an oral presentation of the complete design activity. 
· Consider and understand ethical and social implications of engineering and technology. 


Engineering/Design Problem: 
· Problem Statement
· Diagram 
· Theory
· Assumptions 
· Solution Steps 
· Identify results and accuracy
· Design calculations 
· Important to record calculations 
· Explain how you approached the design, data used, assumptions made. 
· Accurate record of your design calculations useful if changes in design is likely. 
· May be asked to communicate your design in written and graphic form. 
Mechanical Design 
· Process for producing a product that is practical to manufacture and will satisfy the needs of a customer in a safe, efficient, reliable and economical manner. 
· Essential to know desires and expectations of all customers before beginning product design. 
· A machine is a mechanical system or device that is designed to transmit power and accomplish specific patterns of motion. 
· A structure has no moving parts
· Mechanical components are gears, bearings, shafts, keys, couplings, seals. 
Engineering Design
· Process of devising a system, component, or process to meet desired needs. 
· It is an iterative decision making process in which the basic sciences, mathematics, and engineering sciences are applied to utilize resources optimally to meet the desired objective. 
· The fundamental elements of the design process include; the establishment of objectives and criteria, synthesis, analysis, construction, evaluation, testing, and verification/validation. 
Factors Effecting Design factor: 
· Application 
· How many will be produced 
· Manufacturing methods 
· Consequences of failure (danger to people, cost) 
· Importance size and weight 
· Life of component 
· Justify design expense 
· Environment 
· Temperature range 
· Exposure to electrical voltage or current 
· Susceptible to corrosion 
· Importance of noise control 
· Importance of vibration control
· Protection of component (guard, housing) 
· Loads
· Nature of the load considering all modes of operation 
· Start-ups shutdown, normal operation, any foreseeable overloads
· Load characteristic 
· Static repeated & reversed fluctuating, shock or impact
· Variations of loads over time 
· Magnitudes 
· Maximum, minimum, mean 
· Types of stresses
· Stresses
· Direct tension or compression 
· Direct Shear 
· Bending 
· Torsional Shear 
· Application 
· Uniaxial, biaxial, triaxial
· Material 
· Material properties 
· Ultimate strength, yield strength, endurance strength 
· Ductility
· Ductile %E> 5%
· Brittle 
· Ductile materials are preferred for fatigue, shock or impact loads 
· Confidence 
· Reliability of data for : 
· Loads
· Material properties 
· Stress calculations 
· How good is manufacturing quality control 
· Will subsequent handling, use and environmental conditions affect the safety life of the component?
Failure mode: 
· Static Failure Mode 
· Distortion Energy theory for multiaxial stress state 
· Failure is predicted to occur in the multiaxial stress state of stress when the distortion energy per unit volume becomes equal to or exceeds the distortion energy per unit volume at the time of failure in a simple uni-axial stress test using a specimen of the same material. Failure is predicted by the distortion energy theory to occur if: 

· Ductile materials 
· Brittle materials 

· Fatigue failure mode
· Infinite life 
· Finite life 
· Uniaxial Fatigue
· Multiaxial Fatigue 

· Fatigue failure under dynamic Loads
· Loads that vary during normal service of the product produce dynamic stress 
· Dynamic stress can be cyclic or random 
· High cycle fatigue – part subject to millions of stress cycles 
· A sequence of several, very complex phenomena encompassing several disciplines 
· Motion of dislocation
· Surface phenomena
· Fracture mechanics, 
· Stress analysis 
· Probability and statistics 
Begins as an consequence of reversed plastic deformation within a single crystallite but ultimately may cause the destruction of the entire component
· Influenced by a component’s environment 
· Takes many forms 
· Fatigue at notches 
· Rolling contact fatigue 
· Fretting fatigue 
· Corrosion fatigue 
· Creep-fatigue 
· Fatigue is not cause of failure per se but leads to the final fracture event. 
Shaft design procedure 
1. Determine the rotational speed of the shaft 
2. Determine the power or the torque to be transmitted by the shaft
3. Determine the design of the power transmitting components or other devices that will be mounted on the shaft, and specify the required location of each device. 
4. Specify the location of bearings to support the shaft. Normally two and only two bearings are used to support a shaft. The reactions on bearings supporting radial loads are assumed to act at the midpoint of the bearings. 
5. Propose the general form of the geometry for the shaft, considering how each element on the shaft will be held in position axially and how power transmission from each element to the shaft is to take place. 
6. Determine the magnitude of torque with the points on the shaft. 
7. Determine the forces that are exerted on the shaft, both radially and axially. 
8. Resolve the radial forces into components in perpendicular directions, usually vertically and horizontally. 
9. Solve for the reactions on all support bearings in each plane. 
Produce the complete shearing force and bending and torque moment diagrams to determine the distribution of torque bending moments in the shafts. 
10. Produce complete shearing force and bending and torque moment diagrams to determine the distribution of torque bending moments in the shafts. 
11. Select the material from which the shaft will be made and specify its conditions; cold drawn, heat-treated, and so on. As indicated in Table 2–9, suggested steel materials for shafts are plain carbon or alloy steels  
12. Determine an appropriate design stress, considering the manner of loading (smooth, shock, repeated and reversed, or other).
13. Analyze each critical point of the shaft to determine the minimum acceptable diameter of the shaft at that point in order to ensure safety under the loading at that point. In general, the critical points are several and include those where a change of diameter takes place, where the higher values of torque and bending moment occur, and where stress concentrations occur.  
14. Specify the final dimensions, surface finishes, tolerances, geometric dimensioning details, fillet radii, shoulder heights, keyseat dimensions, retaining ring groove geometry, and other details for each part of the shaft, ensuring that the minimum diameter dimensions from Step 13 are satisfied.  

· Typically the torque comes into the shaft at one gear and leaves the shaft at another gear. A free body diagram of the shaft will allow the torque at any section to be determined. The torque is often relatively constant at steady state operation. The shear stress due to the torsion will be greatest on outer surfaces.  
· The bending moments on a shaft can be determined by shear and bending moment diagrams. Since most shaft problems incorporate gears or pulleys that introduce forces in two planes, the shear and bending moment diagrams will generally be needed in two planes. Resultant moments are obtained by summing moments as vectors at points of interest along the shaft.  
· Axial stresses on shafts due to the axial components transmitted through helical gears or tapered roller bearings will almost always be negligibly small compared to the bending moment stress. They are often also constant, so they contribute little to fatigue. Consequently, it is usually acceptable to neglect the axial stresses induced by the gears and bearings when bending is present in a shaft  

Probabilistic Design 
• The failure of a single critical component can have devastating consequences (e.g. failure of disc in a turbine powering an aircraft). 
• Probabilistic approach to design is used to ensure such components are unlikely to fail. 
• A simple approach -factor of safety or design factor -to try and make an allowance based on experience for possible variations in materials, loading etc. 
• This is not good enough for critical items where some better quantification of reliability is needed. 
a. A suitable methodology uses probabilistic design where the design variables that affect the strength of the component are identified, variation in materials, geometry, surface condition, etc. and their distributions, from which the distribution of the strength of the component is obtained.  
b. The distributions of factors affecting the component stresses are also determined, loads, stress concentration. Once these two distributions have been obtained, the component reliability can be calculated.  
c. Frequently it is assumed that all the distributions are 'normally distributed'. The unreliability of the component is then obtained from the overlap of the distributions of the strength and that of the stress.  










Lecture 7 : PROJECT PLANNING (STEP 3) 
ELEMENTS OF PROJECT PLANNING
· Divide projects into series of smaller, manageable tasks giving structure to project – help minimize effort
· Estimate duration of each tasks, subtask
· Estimate resource requirements for each task, subtask
· Identify precedence relations among tasks 
BENEFITS OF PROJECT PLANNING
· Communications 
· Framework for communicating with clients/team members
· General agreement regarding major features – show different perceptions of some of the specifics that have not been explicitly addressed. 
· Devil is in the detail, task B will take X engineering hour…
· Resource allocation 
· Help in resource allocation, depending and on the number of people and number of project, you can delete a certain number of engineers for one project for X number a project (same goes for resources) 
· Identifies the lead times for acquiring materials and components from outside sources. 
· Benchmarking 
· Provides ability to measure progress while underway and helps midway correction/adjustments
· They cannot be rigid
· Dynamic entities, cannot be modified on a regular basis as the project unfolds. 
PROJECT PLANNING TOOLS
· Gantt Chart
· Many additional details can be added
· Diamond symbols used for significant milestones 
· Column listing the duration of each task
· These identify the amount of resources needed for each task and supplement to the timeline on the horizontal axis. 
· Tasks can be subdivided into tasks and progress is tracked
· Cross hatch diamond shows preliminary design completed as planned. 
· Prototyping delayed, causing the testing to spill onto the 18th, which was free in the previous chart. 

· Critical Path Method: logical relationship between tasks/activities 
· Uses a network flow diagram to depict the precedence relations among activities (tasks) 
· Identify the potential major bottlenecks in a project schedule. 
· Emphasize the chronological relationship between tasks
· Facilitates identification of activities whose timely completion are critical to timely completion of the project. 
· Table shows logical relationship between activities 
· Notation and convections:
· Activity: 
· An activity is an ongoing effort on a project task (directed line segment) and event are circles. 
· Every activity has an initiating event and a closing event (nodes).
· Consecutive activities must be separated by events. 
· Events:
·  consume no time, discrete elements 
· No pair of events can be directly connected by more than one activity with no intervening events.
· CPM diagrams is used to separate activities 
· All network must begin with a single start event and end with a single finish event. 
· Dummy activities:  
· Precedence relationships require the use of a dummy activity (depicted by a dashed line) to indicate the appropriate relationships. Dummy activities do not take up any time. 
· Dummy activity is needed to correctly depict that what precedes what and show when several activities have same start and end events. 
· Distinguish between two activities that share the same start event and the same end event. 
· Dummy activities should be included only when needed to display the precedence relation.
· They have zero duration but their inclusion increases the number of alternative paths between start and finish events.  
· Critical path 
· Path of activities from the start event to the finish event for which delay in any activity along that path will cause the project to be delayed. 
· For projects with a small number of alternatives paths, the critical path can be most efficiently identified by finding the longest of the alternative paths. 
· Alternative method: for larger networks, use forward sweep to find earliest start (ES) for each activity and use backwork sweep to find (LS) latest start for each activity. Total Float for each activity TF=LS-ES. Critical path consists of activities with TF=0.
· Earliest Path 
· Earliest Start is the earliest time an activity can start. It is found by tracing forward (from tail to head of each activity arrow) from the project start event to the tail of the selected activity. When several paths are possible, use the longest path as determined by the sum of the activity durations on that path. 
· Project Duration 
· Continue until we have ES for all activities that terminate in the project Finish Event. When duration of each of those activities are added to their respective ES times, the largest of the resulting sums is defined as the Project Duration. 
· Latest Start
· Latest time an activity can start and still have the project completed within the Project duration time. 
· Found by tracing backward (from head to tail of each activity) from the project Finish event to the tail of selected activity.
·  When several paths are possible, use the longest path as determined by the sum of the activity durations on that path. The project Duration minus the length of this longest path = LS 
· Total Float
· How much that activity can be delayed while still allowing the entire project to be completed on time. 
· Difference between LS and ES TF = LS-ES
· Any delay in an activity on the critical path will force the project finish to exceed. A delay in a noncritical activity can be accommodated up to the value of that activity’s total float without affecting the project. 

· Program Evaluation and Review Technique (PERT) 
· Based on critical path method 
· The critical path consists of activities for which the total float is equal to 0. 
· Replaces single estimate of activity duration by a probability distribution 
· Allows estimate of probability of completing project by a specified time.
· Beta probability distribution is a skewed finite probability density function whose left terminus, mode, and right terminus can be specified by three parameters: 
· To optimistic estimate - shortest time within which this activity can be completed assuming everything goes right
· Tm: time required to complete the activity
· Tp: pessimistic estimate – longest time it will take to the activity to be completed assuming everything goes wrong. 
· Te : expected duration of each activity 
· Variations and combinations of the above
Calenderized Version of Network Diagram 
· Good for identifying the critical path. 
· Does not display time based relationship like Gantt Chart 
· Calendarizing is done by chronologically numbering the nodes 
· 1. Length of activity proportional to duration of that activity 
· 2. All activities (except dummy) are horizontal line segments. 
· 3. Horizontal & vertical dashed line to extend activity line segments and connect them to terminating nodes 
· 4. Nodes from which multiple activities emanate will be displayed separately for each emanaiting activity. 
· Horizontal dashed lines – total float time 
· Vertical dashed lines – connect corresponding activity with its terminating node – dummy activity 
· Critical path is the only path without any horizontal dashed line. 
· Combines the benefit of CPM and Gantt 
Lecture 6: concept generation (STEP 5) 
Concept generation 
· Possible solution to design are thought over 
· Creativity assumes importance to achieve design objectives while satisfying the constraints 
· Step 1: Examining the opportunities of creative concepts in design 
· Step 2: Examining the meaning of creativity and the process of creative thinking 
· Step 3: Identify the barriers to creative thinking and provide a set of techniques designed to help overcome the barrier. 
· Step 4: Discussion of several tools for eliciting creative design ideas from individuals and groups.
· Step 5: Introducing several approaches to fostering new concepts by modifying, combining or organizing design alternatives.  
a) Explore many solution (brainstorm) 
b) Select the best solution (based on needs and constraints) 
c) Creativity (development of new ideas) 
d) Innovation (bringing ideas to reality) 
Levels of creative design 
· Different design projects requires different levels of creative thinking. Based on the need for creativity and innovation in design (4 categories) 
· Selection design 
· Design engineer picks out an existing solution that meets the specifications and requirements of the design problem. 
· Components are selected from the vendors catalogue that describe the relevant characteristics. 
· Configuration design 
· Involves standard components, similar to selection design but the design challenge is to locate and arrange the components to improve performance or reduce size. 
· Even though many of the components are standard off the shelf items, there generally areas in the configuration design category for modifying the size or shape of the components in order to take advantage of particularly attractive configuration opportunities. 
· Standard components are selected and combine to make new configuration to meet unique requirement that old configurations cannot meet. 
· Parametric design 
· Vary the performance or design parameters to achieve the design objectives
· These parameters may be imbedded in equations which express the relationships among the parameters, the objectives and the constraints that must be satisfied. 
· Compared to selection and configuration design, parametric design provides greater freedom to the engineer to examine different sizes, shapes and other parameters. 
· In parametric design, an optimal design solution is found by finding proper parameter values. 
· Original design 
· Refers to the design of objects and systems that are substantial and fundamental departure form existing products or processes. 
· Because the designs in this category involve radical changes from the existing norm, the creative element is a major, if not the dominant, factor in the design process. 
· Original design begins with a stated need and only a completely blank sheet of paper. This type of design arises from a completely new idea that has no apparent design solution. 

Characteristics of Critical Thinking
· No definite answers regarding what distinguishes the creative person from the individual 
· Indications of factors that appear to affect our creativity 
Nature of Creativity 
· Creativity is an elusive concept, and there have been many definition proposed by professionals in the field. 
· Creative thinking into 4 groups: 
· Concept of combining ideas 
· Emphasis on originality of ideas 
· Emphasis on the unexplainable nature of creative process 
· Creative act is inherently a product of the unconscious mind 
Models of the Creativity Process 
· There are no rigid linear models: the steps may come out of order, be skipped entirely, or be revisited. 
· We will see that there is substantial overlap between these psychological models of the creative process and our model of the engineering design process. 
· Under our model of engineering design, creativity is part of concept generation, and concept generation in turn is just one of nine steps in the design process. 
· Creative process models include elements that correspond to steps in our design model other than the concept generation step. 
· We will handle this by presenting the creativity models in their entirety and indicate where they overlap those other elements of our engineering design model 
· Wallas model 
· Preparation: clarify and define problem
· Incubation: formative stage / setting problems aside 
· Illumination: Conscious recognition of new idea/ seeing the solution
· Verification: reality check 
· Fabun Model 
· Desire: thinker’s equilibrium disturbed by a problem
· Preparation
· Manipulation: manipulate materials or ideas in an exploratory fashion/gathering information 
· Incubation
· Intimation: feeling like you are in the right track and making progress 
· Illumination
· Verification
· Creative Education Foundation Model 
· Fact finding: gather information
· Problem finding: develop alternative statements of the problem
· Ideas Finding: possible solution presented
· Solution Finding: possible solution presented
· Acceptance Finding: implementation
Consolidated Model
· Exploration: search for new ideas
· Incubation: period of relaxation which there is no conscious effort 
· Intimation: resumption of purposeful pursuit combined with feeling of progress 
· Illumination: breakthrough that produce attractive idea. 

Creative mind : (attitudes)
· Optimistic
· Enthusiastic
· No preconceived solutions
· Adventurous
· Risk-taking
· Spontaneous 
· Impulsive 
· Sense of humor
· Playful
· Creative time is not the time to be conservative, analytical, and fearful of failure, since these attitudes can only inhibit you. The focus is to generate new ideas. Assessing the value of those ideas is a subsequent activity.
·  Our awareness of the attitudes that can help sharpen our creative tendencies can be reinforced by understanding a little bit of the physiology of the human brain. 
· Different parts of the brain are associated with different modes of thought. 
· Different sections of the brain are responsible for different aspects. Left-brain is for engineering and right for humanities type of courses. Right brain is also essential for critical design which is very much engineering. 
Barriers to critical thinking
· 1) Most of us are continuously immersed in and surrounded by very strong barriers to creative thinking. 
· Some of these are self-imposed
· Other arises from external factors. 
· 2) Overcoming these barriers takes a concerted effort. 
· Some of the existing barriers to creative thinking include perceptual barriers, cultural barriers, environmental barriers, emotional barriers, and intellectual barriers. 
· Once these barriers understood, the focus is to reduce the extent which they interfere with our mental preparation and inhibit our creative thinking.
· Types:
· Perceptual barriers: 
· Prevent a clear understanding of the design problem and the opportunities for solutions. 
· Culture barriers: 
· Restrictions imposed by society. 
· They discourage non-traditional approaches that violate societal norms. 
· Environmental barriers: 
· Anything in your immediate surrounding, which inhibits creativity. 
· These include poor lighting, interruptions from frequent telephone calls, background noise, distracting aromas, uncomfortable temperature.
· The attitudes of your peers or your supervisors may be inimical to a creative thinking environment. 
· Coworkers or bosses who are overly critical who have no sense of humour and who insist on rigid rules of dress and behaviour can discourage your creative tendencies. 
· Emotional barriers: 
· Feelings, which discourage you from considering a solution or distract you from focusing on the problem. 
· Discomfort with the risk associated with a proposed solution may cause you to discard that solution prematurely. 
· Recognizing the existence of emotional barriers is an important first step in overcoming them 
· Intellectual barriers
· Occur when you don’t have enough knowledge of a topic to incorporate it into a design 
· Successful engineers overcome these barriers by remaining up to date in their field. 
· Expand knowledge by interacting with colleagues who have diverse background. 
Types of perceptual barriers
· Patterns:
· Many design assignments involve making incremental changes in prior designs. Much technological progress has been made through these evolutionary developments,
· There also are situations that could be improved by making a radical departure from an existing pattern of existing patterns instead of continuing with incremental improvements. 
· Serving to inhibit our creative tendencies is well known, and can even permeate entire organizations. 
· One way to break out of a pattern is to go back and carefully consider the original basic need for the design/product. 
· Boundaries
· Another barrier to letting loose our creative juice is our tendency to interpret situations too literally and impose artificial boundaries on the range of solution possibilities. 
· Many people take for granted that certain restrictions or boundaries exist. 
· These perceived constraints can serve to severely limit the possibilities for creative solutions. 
· Illusions:
· Don’t always perceive objects correctly is the basis for many optical illusions. 
· We act too quickly on our first impression of an object or situation, we may misinterpret the situation or at least ignore alternative explanations. 
· Lenses:
· When we look at situations with the wrong lens or focus too much on details. When this occurs we often miss the larger picture 
· Meanings: 
· When we tend to adopt conventional roles for objects
· We severely limit our options if we fail to consider the possibilities that become available if we adopt new interpretations for the role of familiar objects. 
· The objects we refer to here can also include words, since relying only on the conventional meaning of words can also unnecessarily restrict our opportunities for creative solutions. 
Techniques for generating alternatives 
Understanding the nature of creative thinking and the barriers that serve to inhibit it are a good start toward enhancing our creative capabilities. Stimulate our ability to generate design alternatives. 
· Lateral Thinking 
· Concentrate on generating a large number of alternatives (fundamental principle of concept development). The corollaries are: 
· Resist the urge to pursue any one of the concepts in detail 
· Avoid critiquing any of the concepts. 
· Meaning step 5 (conceptualizing design) and step 6 *evaluating the alternatives) should be clearly decoupled. You should not evaluate alternatives until you have all alternatives in place. 
· Perseverance
· Many new ideas are the result of a gradual evolution of thinking about existing concepts in new ways. 
· Many people find that an extended, conscious, dedicated search for new ideas is often unsuccessful, but that it prepares the necessary background for a new idea that is born during a period of relaxation. 
· The key factors appears to be that these breakthroughs are more likely to occur if they follow an extended, intensive, conscious effort. 
· Mental Push-ups
· Regular routine of mental exercises can keep your creative thinking powers in top form. 
· Several version of mental push-ups to keep you in peak creative condition include: making list, word games, solving puzzles, magic tricks 
· Procedural techniques
· Brainstorming: structured group oriented technique for conceiving design alternatives 
· Generate many design concepts as possible 
· Brainwriting: participants write their ideas 
· Storyboarding: format and media for recording and organizing the ideas that are generated. 
· Sources of ideas
· Random simulation 
· Selecting a word at random
· Analogies
· Fostering the generation of concepts, see the similarities between the given design situation and another situation. 
Lecture 8 - Economics for engineering design (STEp 6 – evaluating alternatives)
· Economics is the social science that analyzes the production, distribution and consumption of goods and services. 
· Economics is an important aspect of engineering design. 
· Cost, time and market are frequently noted as important factors in design process. 
· Often, we make statements such as low cost or minimum time or maximize users, but such Design Objectives are often too vague to be truly useful, during decision making when choosing between design options. 
· Trade offs between initial costs and downstream costs. 
· Non engineering stakeholders, such as the public, government, or business, will judge the success/failure of engineering design activities by considering: 
· Objectives/Goals/ Performance Satisfied
· Within Budget
· On time?
· Different engineering economic principles apply to different area of engineering design , such as :
· Product Design 
· Process Design 
· Component Design

· Engineering activity: 
· Involves product design where the product is a complete system that carries out a function, and usually purchased by a customer for private use. 
· Economic factors related to product design include objectives such as : 
· Overall budget for the product 
· Overall budget for process
· Component budget
· In order to use economics as a basic for decision making, we need to define some basic terms: 
· Economic decision rules
· Time value of money
· Annual Rate of return (interest)
· Conversion to present value 
· Annualized costs
· Inflation 
Economic decision rules
· Four decision making methods: 
· Low Initial cost approach 
· Used when funds available for investment are restricted
· Ignore downstream transactions 
· Low life cycle cost approach 
· Treat all downstream cost equally, regardless of when they occur over the expected life of the product or project. 
· Decision is to tally up all costs that occur downstream, or after purchase and add them to initial cost. 
· Average annual rate of return 
· Examines the extra investment needed to purchase the more expensive option
· Separates initial costs from downstream expenses. 
· Payback period 
· Averages out the downstream benefits, regardless of when they occur. 
· Focuses only on those downstream benefits which occur chronologically up to the point of paying back the incremental initial investment required for the more expensive option over the one with the lower first cost. 

Time value of money 
· Compound Interest Formula
· Present value Formula/ Present Worth Factor
· Convert any future transaction to an equivalent present amount
· Uniform series present worth factor: 
· Maintenance and productivity improvement occur at each year and rebuilding and salvage costs at once in five years. 
· Geometries series present worth factor: 	
· If annual costs are increasing at a constant annual rate e over the period n, the present value of the entire stream is found.
· If costs are decreasing at a constant annual rate, e will be negative. 
· TGP is multiplied by the cost G during the first year to obtain the present value of the entire stream.
Annualized Cost Analysis:
· Instead of converting all costs to their equivalent present value, we could instead convert all costs to their equivalent annual value. 
· Although the numerical results of the two methods will be different, the least cost alternative using the present value method will also be the least cost alternative using the annualized cost method. 
· Types:
· Capital Recovery Factor
· Occur Initially 
· Converting a present value to an equivalent uniform annual amount. 
· Sinking Fund Factor
· Occurs downstream (recovery)
· Generalized Sinking Fund Factor
· Occurs downstream
· How much money we need to invest each year over n years at an interest rate I in order to realize an amount F in the nth year. 
· Geometric Series Sinking Fund Factor 
· Geometrically increasing transaction that we want to convert to an equivalent stream of uniform annual payments. 
Variations to Basic Engineering Economics Problem
· Unequal lifetimes 
· Non-uniform downstream transactions
· Accounting for inflation
· Downstream transaction occurring other than at end of year / Variation to downstream transactions patterns
· To approximate continuous expenditures: Calculate each downstream transaction as if it occurred at the start of the year. The average those results with those obtained by the end of year calculations. 
· For shorter-term projects: conduct the analysis in terms of months or weeks rather than years as the unit of time. The equivalent interest rate associated with the shorter time period should be the basis for the discount rate. 
· Long project lifetime
Unequal lifetimes
· 3 approaches to deal with unequal lifetime:
· Multiple lifetimes
· Annualized Costs
· Express all costs as equivalent annual costs instead of present value costs. 
· Don’t have to deal with the replacement transactions at the end of each useful life cycle since those transactions whenever they occur are imbedded in the value of the uniform annual equivalent costs. 
· Conversion of Present Values
· Convert any present value for period n into an equivalent of present value based on another period n2.
Effect of taxes
· Corporation subject to income taxes and type of expense have an effect on the tax rate (mortgage VS rental) 
· So economic attraction of design options may be influenced. 
· Corporate income tax system allows companies to take deductions on its total income to come up with the amount of taxable income: 
· Total income on the big block and companies can take deductions on the said income
· Operating expenses (payroll, electricity, utility bills, consumable supplies) 
· Depreciation (industrial equipment loosing value over time) 
· There are different methods of calculating depreciation 
· Taxable income is = total income - the detections (operating + depreciation)
· Taxable income = amount of total annual income that is subject to income taxes 
· Depends on the structure of tax code
· Any change I total income produces change in taxable income. 
· Depreciation: two components 
· Period over which the capital investment is depreciated
· Amount of depreciation that can be claimed in each year.  
· Modified Accelerated Cost Recovery system 
· Percentage of initial investment that can be depreciated each year
· Straight line 
· When you consider the difference between initial investment and salvage value and divide it over the depreciation period, you get a uniform depreciation amount for each year. 
· Marginal Tax rates 
· Once the depreciation is known, we have to apply the tax rate to the allowable depreciation 
· This will determine the tax implications of the capital cost of various design alternatives
Account for inflation 
· Inflation
· Annual average increase in all prices and wages
· Units of monetary measure: two units to express
· Nominal or current, dollars (face value of the bills and coins at the time of the transaction) 
· Measure all transactions, regardless of when they occur, in terms of the value of the dollar in a reference year. 
· Real discount rate
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Lecture 9: Decision making
There are various techniques and tools available, to help make a decision between design alternatives : 
· Rankings 
· Tables 
· Weighting factors 

Multiple Criteria
· it is not possible to reduce all features or functions of design options 
· There are a lot of circumstances which one option does not clearly dominate the others. 
· The information in table is not sufficient to address that question. 
· Criteria: concice phrase, which describes a design objective into one to two key words. Serve as guidelines for developing the options. 
· Identify Criteria 
· Include attributes as criteria in which one of the options is distinguished from the others. 
· Criteria metrics
· The objective and criteria must have quantifiable measure of performance and associated units
· Evaluation Scales
· Common evaluation scale. 
· Qualitative Scales
· Excellent, adequate, poor 
· Numerical Scales 
· 10,5,0 
· Numerical Scales with Descriptors 
· 10, 5, 0 (Excellent, adequate, poor) 
· Each design objective has different units of measurements and has different measurement range.
· It is essential to map all the various metric values into a common Evaluation Scale. 
· These Evaluation Scales will convert the original Metrics into a set of Scaled Metrics that can be added together to get a total Score for each design option. 
· Steps: 
· Create common numerical evaluation scale with descriptors for each value 
· Identify numerical metrics for each criteria 
· Establish end points for each criteria metric and map them onto end points of common scale. 
· Rate each option with respect to each criteria and map ratings onto common scale. 
· For each option, add values on common scale for all criteria to obtain total score. 
Weighting factors 

How to decide on relative weight?
· Subjective values 
· Client and designer input 
· Systematic Methods 
Up until now, we have treated all criteria as being equally important. If they have unequal significance: 
· Assign numerical weights to each criterion to indicate relative importance to all other criteria.  However, there is an absence of an explicit procedure. 
· Systematic Weighting method: Pairwise comparison: 
· Which of the items in each pair is more important than other. 
· When there are many design objectives, it becomes more difficult to assign weights. It is even difficult to use systematic methods such as the pairwise comparison method. In order to weight a large number, it is effective to arrange them into hierarchical groups. 
· Using criteria tress: 
· Each box in a criteria tree is a category
· Each category is part of a group within a given level of the tree (a group is a collection of categories that spring from a common branch). 
· Determine the relative importanc K of each category with respect to all other categories in its group. 
· Assign a unit weight to the category at the top of the tree. 
· Determine the weight of each other category by multiplying its relative importance (k) by the weight of its preceding category in the tree. 

Hierarchical Weighting Factors 
· to use this hierarchy for computing weighting factors, we use a two stage approach: 
· Perform a pairwise comparison (or other weighting method of your choice) for each group and determine a value, k, representing the weight of each category within that group. 
· Establish the relative weight, w, for each category. Where the relative weight is the relative importance of that category/D.O within its own group, multiplied by the relative weight of the category in the next highest level from which it comes. 
· Weighting factors: traditional normalization or using criteria tree to assign weight 

Analytical hierarchy Process
· As sophisticated approach for multi-criteria decision making 
· Uses 9 point scale to establish relative importance of design criteria based on pairwise comparisons. 
· Uses 9 point scale to establish relative preferences among design options based on pairwise comparisons 
· Converts relative preferences and relative importance to overall preferences and overall importance values 
· Provides a quantitative measure of the consistency of the overall important and overall preference values. 
· Normalized preferences and overall preferences:
· Normalized preferences
· Overall (average) preference for 3 designs for the torque criterion 
· Relative importance of criteria
· We can treat the overall important rating We can treat the overall important ratings as weights and combine them with overall preferences values as weights and combine them with overall preferences values 
· Measure of consistency
· CR is the ratio of a consistency index for the given pairwise comparison to the value of the same consistency index for a randomly generated pairwise comparison matrix. 
Decision Making Under Uncertainty 
Phase of decision making
· Many uncertainties for systems that are still in the design stage regarding future costs, events, and performance characteristics
· Phase 1: Specify all the alternatives to be included in the exercise you need to give considerable thought to reducing the alternatives to manageable number include additional options or modify the existing options. 
· Phase 2: Specify all relevant events that might occur subsequent to making decision. 
· Phase 3: Estimate the probability of occurrence of every relevant event specified in phase 2. 
· Phase 4: Quantify the outcome of every possible combination of decision alternative. 
· Phase 5: Use a predetermined decision rule to select the design alternative that yield the most desirable result. 
· More than on set of uncertainties, more than one decision point
· Decision tree is graphical representations that consist of four elements. 
· Branches: straight line that terminate at each end with one of three types of nodes. 
· Decision nodes: depicted as square 
· Event or chance nodes: depicted as circles
· Payoff nodes: depicted as price tags
Constructing Decision Trees
· Step 1: initial node: represents the first decision 
· Step 2: initial branches: construct the branch emanating from that decision node to represent each option 
· Step 3: terminate each branch in a node: the right end of each branch must terminate in one of the three types of nodes ( decision, chance and payoff) 
· Step 4: Repeat cycle until completion 
· Step 4a: if confronted with another decision terminate the branch with a decision mode and return to step2 . 
· Step 4b: if confronted with no control event terminate the branch with a chance node, determine the probability of each branch and return to step 3. 
· Step 4c: if confronted with decision and an event terminate the branch with pavoff node. 
Solve Decision tree
· Step 1: Trace back from payoff Node 
· Step 2a. Calculate expected value at chance node 
· Step 2b. Select Best Option at Decision Node 
· Step 3. Repeat Steps 2a and 2b until all nodes have been accounted for 
Sensitivity Analysis 
· Decision Trees require pre-requisite knowledge of the probability of occurrence of events. However, it is often difficult to assign probability values for uncertain events. 
· In cases of uncertainty with probability values for events, a sensitivity analysis may be useful to perform. 
Conditional Uncertainties 
· Multiple possible outcomes for an event, each with it’s own probability of occurrence. 
Sequential Design Decisions 
· Constructing the tree: constructing a new branch emanating from the original decision node representing this diagnosis option.  This branch terminates in a chance node that represents the results of the diagnosis. 
Bayesian Decision Making 
· The probably of the second event (generator failure) occurring depended on whether the first event (diagnosis of a bad generator) occurred
· Data useful for making probability estimates is not available in the desired form, and it has to be manipulated in order to be useable. 
