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Advanced Engineering Practices A course at the TUCN 1H 2013 Module 1: Engineering Value Creation
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management



EMR Confidential



Engineering… What is Engineering? Example:



+



Knowledge: water, gravity, unpredictability,….



=



Need: To wash + Knowledge: How to store water, heat water



The set of practices, tools, techniques that convert knowledge to the satisfaction of human needs EMR Confidential
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Engineers … •Behavioral traits • Asks questions – analyzes the problem • Collects, organizes existing information • Synthesizes information – presents solution • Verifies and validates solutions (test, follow up) • Pays attention to details • Is generally risk averse – or not ! The Engineering profession is: •Based on the scientific method •Requires extensive training •Has its own language, standards, norms •Is governed by codes of conduct



EMR Confidential
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How do Engineers Create Value? Company makes and markets products Develop products



Customers buy products



Engineers Get Paid



Company Makes $



5 EMR Confidential



Engineering Development Focus



R&D



Design



Sustaining



Operational Focus



Quality



Manufacturing



EMR Confidential
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Engineering Function in a Typical Multinational Company CEO/President VP of Engr



VP of Sales



VP of Finance



VP of Operations



VP of HR



Directors Engr. Managers



Technologists



Leaders



Specialists



Engineers



EMR Confidential
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Relationship between Engineering and Other Functions…. Procurement



Quality



Engineering



Manufacturing



Marketing & Sales



EMR Confidential
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Engineering Activities



Research



Rapid Response (Fire Fighting) Sustaining Engineering Engineering



Advanced Development



Manufacturing Engineering New Product Introduction



EMR Confidential
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Engineering •Research : ~ Output technology new to the world •Development : ~ output : New application of technology product •Sustaining Engineering : ~ output : modifications to product design, upgrades, input component changes, new suppliers, quality improvements •Mfg Engineering : ~ output : modifications to manufacturing process, tools, machines… •Rapid Response Engineering : ~ output : service emergencies, debug problems, hardware ‘service packs’, change-outs



EMR Confidential
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management



EMR Confidential



Product Development…. •The process of creating a solution to satisfy a need •Creating (articulating, stimulating) a new need! • Does not include ‘manufacturing’ in its scope • Is a cross-disciplinary process



EMR Confidential
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Product Development Process Gate 1



Market Research



Idea Generation



Gate 2



Concept Feasibility



Idea Submission



Gate 3



Gate 4



Concept Design Development & & Project Development Planning



Project Charter



Business Plan



Gate 5



Ramp Up



Update Plan & AR



Gate 6



Launch & Production Start-Up



Final Check



Production



Post Launch Review



Process Audit



•Also referred as Stage-Gate Process™, Phase-Gate Process •A structured process that •logically groups and sequences activities •synchronizes activities to minimize variances in schedule •provides check points to evaluate progress and risks EMR Confidential
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The Product Development Process Gate 1



Market Research



Idea Generation



Gate 2



Concept Feasibility



Idea Submission



Gate 3



Gate 4



Concept Design Development & & Project Development Planning



Project Charter



Business Plan



Gate 5



Ramp Up



Update Plan & AR



Gate 6



Launch & Production Start-Up



Final Check



Production



Process Audit



Risk Profile



EMR Confidential
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The Product Development Process Investment Profile… Gate 1



Market Research



Idea Generation



Gate 2



Concept Feasibility



Idea Submission



Gate 3



Gate 4



Concept Design Development & & Project Development Planning



Project Charter



Business Plan



Gate 5



Ramp Up



Update Plan & AR



Gate 6



Launch & Production Start-Up



Final Check



Production



Post Launch Review



Process Audit



Development $ Investment Profile



EMR Confidential
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The Product Development Process Considerations •Used for larger ($ sales) projects •Project’s goal is to develop a new technology, product platform, product, or process •A logical grouping of projects on a product roadmap •Risk – rewards are higher •Must have designated reviewers •Must have decision makers engaged and sign off



EMR Confidential
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management



EMR Confidential



Systems Engineering Business Plan



Concept Design



Build & Test Plan



System Design



Subsystem Design



Acceptance



Compliance



Build & Test Plan



Conformance



BUILD



Unit Test



Component Design



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example Your company has to design a new bicycle. What should you do?



STEP1 : Structure : Define the ‘THING’ you are making Example Name: Bicycle: Attributes: Price, Maintenance, Performance, weight, comfort Behaviors: 1. Starts & Stops 2. Accelerates/Decelerates on user command 3. Goes up-hill, down-hill 4. Does not stop with flat tires 5. Should fit in car trunk EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP2 : Define Subsystems Bicycle



Wheels



Seat



Frame



Pedals/ Propulsion



Tires



EMR Confidential



Gearing



HandleBar



Brake System
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Systems Engineering & Requirements Flowdown Case Example STEP3: Define Functional dependence User Controls and propels



Bicycle



User Interfaces with



User Perceives roads



Runs on



Roads



Other traffic uses



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 4 : Define Input/Output Inputs from user to Bicycle •Muscle power (KW) = P •Control commands: direction vector (v) •Rate of change of power command (dP/dt) – brake (dP/dt) Inputs from bicycle to User •Comfort (Force feedback) •Movement (displacement perception)



Bicycle



User Input from other traffic to User •Road condition (visual feedback)



Input from user to road -



Input from other traffic to User •Random movement (P, v)



Inputs from Bicycle to road •Incident force, velocity Inputs from road to bicycle •Normal reaction (Force) •Friction



Input from user to other traffic •Turn signals



Other traffic



Roads



Usually captured inEMR a ‘Functional Requirements Document’ Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 5: Define Total System Assembly Brake System



Pedals/ Propulsion Wheels Gearing Tires Frame Seat



Handle Bar User EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 6: Define Context for each subsystem (Example: brake system) Brake System



Pedals/ Propulsion Wheels Now we have identified key items for brake design: 1. User behavior pattern expected 2. Handlebar design (location; housing) 3. Wheels – how do they act on the bike?



Gearing Tires Frame Seat



Handle Bar User



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 7: Derive the Design Parameters…. Question: where do the Brake System design parameters come from?



Answer: From the Bike functional requirements, bike Specifications



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 7: Derive the Design Parameters…. Functional Requirements of a Bicycle Price: Maintenance Performance Weight Comfort



Competitive with current offerings (+/-5% cost) Should not need oiling Intended for hybrid use profile Can be carried by an average adult American Low shock to user, pleasant ride experience



Behaviors: 1. Starts & Stops 22 mph to standstill in 7meters 2. Accelerates/Decelerates on user command : 11 N-m accelerating torque max 3. Goes up-hill, down-hill : freewheel at 12 mph at -12% grade 4. Does not stop with flat tires : tube-free design 5. Should fit in car trunk : non-integral body frame



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 7: Derive the Design Parameters…. Bicycle Specifications… Price: Maintenance Performance Weight Comfort



$180 cost (+/- 10%) User should be able to service, change tires Top speed: 22 mph 8 kgs max double suspension; meet ASME standards for vibration



Behaviors: 1. Starts & Stops 22 mph to standstill in 7meters 2. Accelerates/Decelerates on user command : 11 N-m accelerating torque max 3. Goes up-hill, down-hill : freewheel at 12 mph at -12% grade 4. Does not stop with flat tires : tube-free design 5. Should fit in car trunk : non-integral body frame



Brake System Specifications Price: $12 (+10/-15%) Braking force 185 N-m @ 22 mph @ -12% grade Maintenance Adjustable tensioning system operable by user Mean-time-to-failure: 8,000 hrs of use EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example STEP 8: Design, Develop and Build Prototype…. It’s an iterative process…



Optimize sub-system design to meet global design needs



Tools to use… •Six Sigma Design Methodology •Failure Modes and Effects Analysis •Risk Management How is the work organized? Project Management



EMR Confidential
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Systems Engineering & Requirements Flowdown Case Example Questions (Individual exercise): 1. What are the main assumptions underlying the methodology explained here? 2. Imagine you are a the chief design engineer of a company that makes cars. Market research has shown that the smart cars are going to be in demand. These are cars that are small, can fit easily in small urban parking spaces and have high fuel efficiency. Your boss wants you to come up with a rough estimate of the car’s design (5-7 subsystems total). Explain your steps in proposing a design. Assume the following about the car: • Cost <= $4000. • Meet Euro IV regs • Weight <= 2T • Passengers = 4 • Trunk space = 15 cu. Ft. Make any other assumptions needed to complete the design. Explain your rationale for your assumptions. EMR Confidential
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Systems Engineering Testing Philosophy… Comply with External Standards (Customer, Regulatory)



Customer Acceptance Testing



Functional Requirements



Validation Testing



System Design Requirements



Verification Testing



Subsystem/Component Requirements



ModuleTesting



EMR Confidential
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Systems Engineering Requirements Flowdown and Capability Flow Up Establish Clear Customer Requirements



Capabilities Flow Up



Establish Range of Acceptability for Requirements



Formulate System Design



Design is: Reconciliation of requirements and capabilities



Establish quantitative relationships between system Requirements and subsystems’ Requirements



Set ranges on sub-system Requirements to assure system behavior is acceptable Trade off lower level requirements Determine capability of meeting lower-level requirements EMR Confidential



Requirements Flow Down
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management
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Systems Engineering Capturing Customer Needs Technique: Quality Function Deployment (QFD) Customer Requirements: Properties of a product that are most essential to meeting customer expectations These are the highest impact specifications Example of a customer requirement for a bike brake “must work on demand” Translation to design requirement: Braking force 185 N @ 22 mph @ -12% grade



QFD: Process of converting the customer requirements to design requirements Quality Function Deployment = Implementarea specificatiilor EMR Confidential
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Quality Function Deployment (QFD) Example…



What do customers want?



How do we deliver the expectations?



(Customer Expectations)



(Product Requirements)



•Portable music system •Good sound quality •Personal juke-box experience •Reasonable cost •Easy to operate •No maintenance •Reliable



• Walkman like form-factor • CD/FM quality music delivery • Software based customization of songs • Commercially available technology • Easy User Interface • No moving parts • Hard disk or flash based system • Small form-factor • Audio driver technology • Touch pad technology • Software playback • Broadband technology • Graphical User Interface • Flash memory based storage



QFD Process Translates Customer Needs (Whats) To Engineering Actions (Hows) EMR Confidential
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Why Most Product Launches Fail from HBR 



















Flaw 1: The company can’t support fast growth Mosquito Magnet Flaw 2: The product falls short of claims and gets bashed: Windows Vista Flaw 3: The new item exists in “product limbo.”: New Coca-Cola Flaw 4: The product defines a new category and requires substantial consumer education—but doesn’t get it: Febreze Scentstories Flaw 5: The product is revolutionary, but there’s no market for it: Segway



EMR Confidential
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Quality Function Deployment (QFD) Example… Relationship weightage H = 9, Strong dependency M = 3, Medium dependency L = 1, Low dependency



Target Direction: ↑ More is better ↓ Less is better ○ Specific Value



Whats



↓



Hows



→



•Portable music system



↓



○



○



○



○



○



○



Small formfactor



Audio driver technology



Touch pad technology



Software playback



Broadband technology



Graphical User Interface



Flash memory based storage



M



L



L



M



H



H



H



•Good sound quality



H



•Personal juke-box experience •Reasonable cost



H



•Easy to operate



H



H



•No maintenance Reliable



?



L



L



EMR Confidential



M



L



L



L



H



M



H
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Quality Function Deployment (QFD) Example… • Facilitated by someone conversant in QFD techniques



• Participants: all functions and people involved in product design • Important to isolate the right Whats and the complete ‘Hows’ • Scores are arrived by consensus



If The QFD Session Is Polite, It Is Useless No Heat, No Gain EMR Confidential
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Quality Function Deployment (QFD) Example… Assign weights to reflect the relative importance of customer needs



↓



○



○



○



○



○



○



WEIGHTA GE



Small form-factor



Audio driver technol ogy



Touch pad techno logy



Softwar e playbac k



Broa dban d techn ology



Graphi cal User Interfa ce



Flash memo ry based storag e



•Portable music system



3



H



•Good sound quality



4



M



L



L



M



•Personal juke-box experience



5



H



H



•Reasonable cost



2



•Easy to operate



5



•No maintenance



3



Reliable



4



Target Direction



→



Whats



↓



H



?



H H



L



L



EMR Confidential



M
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L



L



L



H



M



H
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Quality Function Deployment (QFD) Group Exercise You are in charge of developing a Fast Food Stand that specializes in mici. Develop the ‘Hows’ to meet the whats. What other customer needs could there be?



WEIGHTA GE



?



?



?



?



?



?



?



?



Quick service Clean Friendly Inexpensive Taste



Healthy



EMR Confidential
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Quality Function Deployment (QFD) Group Exercise • You are in charge of developing a Fast Food Stand that specializes in mici. Develop the ‘Hows’ to meet the whats. • What other customer needs could there be?



WEIGHT AGE



Process order



Prepare Food



Capacity of business



Purchase Materials



Clean



Train employees



Advertis e



Quick service Clean Friendly Inexpensive Taste Healthy



EMR Confidential
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How do system requirements flow down?



Customer Expectations Measurements



Manufacturing Processes



Design Features



Product Requirements



Product Requirements



Measurements



Design Features



Measurements



Process Operations



Manufacturing Processes



Measurements



Together With Measurements, The How’s Of Each Stage Become The ‘What’s’ Of The Next Stage. EMR Confidential
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management



EMR Confidential



System Engineering FMEA : Failure Mode and Effects Analysis Customer Satisfaction



Customer Dissatisfaction



QFD



FMEA



Customer Requirements



EMR Confidential
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System Engineering FMEA : Failure Mode and Effects Analysis FMEA is a Reliability Engineering Tool



How could the design fail? What could cause the failure?



How probable is the failure?



How serious is the effect?



EMR Confidential



What is the effect on the customer?



How likely will the cause be detected before it reaches the customer?
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FMEA Types DFMEA : Delivery FMEA on product as it functions after sale Focuses on product subsystems, system, components, parts



PFMEA : Process FMEA on process used to manufacture product Focuses on: process flow/process, equipment/tooling, operators SFMEA: Service FMEA on means to service product Focuses on maintainability, parts, personnel training



EMR Confidential
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FMEA A structured analysis performed on a product or system which meets the following criteria: 1. Conducted before full-scale production 2. Addresses the effects and severity of single-point failure on a system 3. Results in actions that eliminate unacceptable failure modes or reduces their impact on the system 4. Does not include human error



EMR Confidential
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FMEA Benefits 1. Highlights potential design problem areas 2. Means of developing necessary test parameters 3. Provides basis for risk management analysis 4. Establishes design trade-off considerations 5. Basis for a diagnostic system



EMR Confidential
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FMEA: Failure Modes Example: Operation of a circuit breaker Travel from Closed contact to open following short circuit Functional Failure: Failure to open in 3 cycles Failure Mode Arcing ‘Bouncing’



EMR Confidential
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FMEA: Failure Modes: Cause Example: Operation of a circuit breaker Travel from Closed contact to open following short circuit Functional Failure: Failure to open in 3 cycles Failure Mode Arcing Bouncing Failure Causes Delayed transition command from controller Incorrect start time calculation by controller Longer travel time of contact Larger fault current



EMR Confidential
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FMEA: Failure Modes: Effects Example: Operation of a circuit breaker Travel from Closed contact to open following short circuit



Functional Failure: Failure to open in 3 cycles Failure Mode Arcing Bouncing



Failure Causes Delayed transition command from controller Incorrect start time calculation by controller Longer travel time of contact Larger fault current



End Customer Effect Cascade short circuit failure Safety Hazard Very ‘upset’ customer EMR Confidential



51



FMEA: Quantification of Failure Modes Risk Priority Number (RPN) RPN = Severity X Occurrence X Detection Where: Severity, occurrence, detection range from 1 to 10 10 represents the worst category rating 1 represents the best rating Severity: How badly will the system performance be affected? Occurrence: How likely is it that that failure mode will occur? Detection: how likely is it that the failure is likely to be detected?



EMR Confidential



52



FMEA: RPN: Occurrence Ranking Probability of Failure



Possible failure rates



Very high: failure is almost inevitable > 1 in 2 High: repeated failures Moderate: occasional failures



Low: relatively few failures Remote: Failure is unlikely



EMR Confidential



Ranking



10



1 in 3



9



1 in 8



8



1 in 20



7



1 in 80



6



1 in 400



5



1 in 2000



4



1 in 15000



3



1 in 150,000



2



< 1 in 1,500,000



1
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FMEA: RPN: Detection Ranking Detection



Likelihood of Detection by Design Control



Ranking



Absolute Uncertainty



Design control will not detect potential cause/mechanism and subsequent failure mode OR there is no design control



10



Very Remote



Very remote chance that design control will detect potential cause/mechanism and subsequent failure mode



9



Remote



Remote chance that design control will detect potential cause/mechanism and subsequent failure mode



8



Very Low



Very low chance that design control will detect potential cause/mechanism and subsequent failure mode



7



Low



Low chance that design control will detect potential cause/mechanism and subsequent failure mode



6



Moderate



Moderate chance that design control will detect potential cause/mechanism and subsequent failure mode



5



Moderately High



Moderately high chance that design control will detect potential cause/mechanism and subsequent failure mode



4



High



High chance that design control will detect potential cause/mechanism and subsequent failure mode



3



Very High



Very high chance that design control will detect potential cause/mechanism and subsequent failure mode



2



Almost Certain



Design control will detect potential cause/mechanism and subsequent failure mode EMR Confidential
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FMEA: RPN: Severity Ranking Effect



Severity of Effect



Ranking



Hazardous without warning



Failure mode affects safe system operation and/or involves noncompliance with regulatory safety requirements without warning



10



Hazardous with warning



Failure mode affects safe system operation and/or involves noncompliance with regulatory safety requirements with warning



9



Very High



System inoperable with loss of primary function



8



High



System operable but at reduced level of performance. User dissatisfied



7



Moderate



System operable but comfort/convenience item inoperable



6



Low



System operable but comfort / convenience item operable at only reduced level



5



Very low



Defect noticed by most customers



4



Minor



Defect noticed by average customer



3



Very minor



Defect noticed only by discriminating customer



2



None



No effect



1
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FMEA: RPN: Class Example Let’s reconsider the bicycle design example. Item



Risk Item ID Number



Potential Failure mode



Potentia l effect of failure



Seve rity Ratin g



Potential cause of failure



Occu rrenc e Ratin g



Current Design Control



Detecti on Rating



RPN



Recommende d actions



Brake



1.1



Brakes fail to stop bike



Hazardo us to custome r



10



Brake pad wear out



3



None ; rely on supplier specificati on



10



300



Tighten specification for brake; recommend brake pad change for 1000 miles



Brake



1.2



Brake fails to stop bike



Risk to user life and limb



10



Brake calipers are misadjuste d



6



Allow tightening screw to compens ate



8



480



Service manual recommendati on to check setting every month



Propu lsion



2.1



Chain disengages from sprocket



Loss of motion



7-8



Tolerances in chain, sprocket fit



5



None



10



400



Review specification on chain
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FMEA: RPN: Class Exercise…2 Item



Risk RPN Item ID Number



Recommended actions



Actions Action Actions taken Respon completi sible on date



New New Severity Occurre Rating nce Rating



New New Detecti RPN on Rating



Brake



1.1



300



Tighten specification Ioan for brake; recommend brake pad change for 1000 miles



3/12/2010 New brake life specification doubled to 40khrs



10



1



10



100



Brake



1.2



480



Service manual Mihai recommendation to check setting every month



12/5/2010 Calliper tensioning increased 40%



10



4



8



320



Propulsi 2.1 on



400



Review specification Radu on chain



6/6/2010 New chain specified 5



6



10



300



Total Risk



1180



720



EMR Confidential
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FMEA: RPN: Individual homework… You are in charge of developing a Fast Food Stand that specializes in mici. Devise the failure modes – what ‘could go wrong’ – for the customer



EMR Confidential
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management
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Quality… ISO 9000: "Degree to which a set of inherent characteristics fulfills requirements.“



Six Sigma: "Number of defects per million opportunities.". Joseph M. Juran: "Fitness for use."Fitness is defined by the customer. American Society for Quality: "A subjective term for which each person has his or her own definition. In technical usage, quality can have two meanings: a. The characteristics of a product or service that bear on its ability to satisfy stated or implied needs; b. A product or service free of deficiencies."
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Quality… Quality can be described in various terms…



99% good (3.8) quality



99.99966% good (6)



20,000 mail articles lost/hour



7 mail articles lost/hour



No electricity for 7 hours each month



1 hour without electricity every 34 years



5,000 incorrect medical procedures per week



1.7 incorrect medical procedures per week



So clearly, better quality is good. So, what prevents quality improvements?



EMR Confidential
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Cost of Quality … Value Engineering So, what prevents quality improvements? Concept # 1: Perceived Quality Perceived quality = Actual performance or experience of product/service Expected performance of product/service = ‘defects’ Concept # 2: Customers seek to maximize stated and ‘unstated’ value Value ~ perceived quality/cost



There Is A COST Associated With Higher Quality EMR Confidential
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How Does Customer Satisfaction Tie To Product Specifications… Target value of product attribute



Relative frequency of occurrence of product attribute



Customer dissatisfied Maximum allowable lower limit (Lower Spec Limit LSL)



Customer satisfied Maximum range of variation in product attribute EMR Confidential



Customer dissatisfied Maximum allowable upper limit (Upper Spec Limit USL) 63



Example... Company X produces detergent. It manufactures one box of 1 kg. The table below shows the average weight of the detergent boxes from 30 batches. The standards bureau allows a 2% variation in the actual weight compared to the normal weight. 0.99 1.01 1.00 0.97 1.02 1.02 0.99 1.00 0.98 1.00 0.97 1.02 0.99 1.01 1.00 1.00 1.00 1.02 0.99 1.03 0.99 0.99 1.01 0.97 0.98 1.01 1.00 0.98 1.00 1.00



1.Determine the target value and specification limits for the detergent 2.Determine the defective number of batches (%).
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Cost of Quality For a product… COQ = (MS + LS + RC) + (PC + AC) Total manufacturing cost COQ MS LS RC PC AC



= Cost of quality = Material scrap = Labor Scrap = Rework Cost = Prevention Cost (quality planning, control, training) = Appraisal Cost (supplier audit, quality action, test, inspection)



•Generally cost of quality tends to be between 1.5 – 4% for well managed operations, including warranty costs, recalls etc. •Cost of quality is also generally the economic impact of bad quality on the company’s profitability – lost sales, loss of goodwill
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Cost of Quality Exercise Company X makes industrial controllers, whose average price is $85. Customer orders are handled by a customer service group. The group handles an average of 150 orders a day. The average time required to handle the order is 10 minutes. This order is then transmitted to the manufacturing plant for fulfillment. When a problem is detected at the factory, the correction takes about 8 hours (time to call customer, clarify details, cancel the old order, make a new order). In the past 3 months, on an average correct orders are entered 98% of the time. • •



What is the economic impact of this 2% error rate on the company? What steps would you recommend to improve the situation?
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Cost of Quality Exercise Solution Solution: •Total volume of orders/day = $80*150 = $12000. •Time spent in handling orders = 8 mins/order X 150 orders = 1200 minutes •98% average correct orders means that 2 % of the orders are entered wrong.



Total work time available to 5 order handlers = 5 X 8 X 60 = 2400 minutes/day So, 2% of 150 orders = 3 orders/day are ‘rework’. This takes up 3 X 6 X 60 = 1080 minutes/day. So, order handlers spend 1080 minutes/(2400) = 45% of their time ‘reworking’. Therefore, the cost of quality to the company can be thought to be 45% of the compensation cost of the order handlers. Next, You can even make the argument that if the accuracy was increased to 99%, order handlers would have some additional time freed up. How much? = (99% - 98%) rework * 150 orders/day X 6 hrs/rework order = 9 hours/day In 9 hours, @ 8 minutes/order, the five order handlers can process an additional 9 X 60/8 = 68 orders/day At $80/controller, the company is losing $5400/day in lost orders. EMR Confidential



Quality Exercise… Company A makes a widget X. Every day 1000 units are shipped from the factory. During the development, before production, engineering specified the quality to be 99.9% (i.e. only 1 in 1000 widgets would be ‘defective’ at the customer. During Jan. 2010, company A received complaints and 685 widgets were returned. Design and manufacturing engineers looked at the logs for Jan. 10 and found only 210 widgets were rejected from the outbound shipping. Further, of the 685 returned widgets, testing showed only 355 to be truly defective. Question: 1. Is there a quality problem? 2. Is it a manufacturing or design quality problem? EMR Confidential



Quality Exercise…Solution… True positive: What the outbound quality check picked up bad products



Here is the situation



1st pass Defective test Nonresults defective



Customer reported Product Quality Defective Not Defective 210 30315 145



False positive Customer actually has 355 – 210 = 145 actual products that were thought to be good but are BAD



30645



False negative Customer says he has 31000 – 685 good products only. This is his ‘perceived quality’ True negative Customer actually has 31000 – 355 = 30645 Good products



•Quality check is missing 145 out of 31000 products shipped. So the test process needs to be improved. THERE IS A QUALITY CONTROL PROBLEM •Engineering said that the defect rate was 0.1%; in reality it is 355/31000 = 1.1 %. THERE IS A DESIGN PROBLEM. •False negative and True negative numbers should be aligned – customer seems to be using a different quality measure than company A. TALK TO THE CUSTOMER. EMR Confidential



Tools of Quality Commonly, the following graphical tools are frequently used by engineers to diagnose and fix product quality problems •Fishbone Diagram •Control Charts •Pareto Charts •Scatter Plots (Regression)
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Tools of Quality Fishbone Diagram •Also called ‘Ishikawa Diagrams’ •Used to trace ‘root’ causes of defects (defect = failure to satisfy customer) •Classifies ‘root causes’ into 6-8 categories… •Serves as a mental checklist of items to consider while finding causes Measurements



Materials



•Calibration •Testing • sensors •Inspection (Data from process and its quality)



•Insulators •Devices • housing •Suppliers (Materials used in final product)



•Humidity •Temperature •Pressure •ESD •EMI •Culture ( use pattern) Items not covered in product design but may impact operation)



Externalities



Human Factors



•Torque •Adhesion •Welding •Assembly •Fastening (How the process is performed w SOPs)



Processes



•Training •Experience •Shifts •Education •Management practice (People issues)



•Safe Operating Regime of •Simulation software accuracy Tools, machines, computers required to accomplish job



Equipment
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Defect



Tools of Quality Fishbone Diagram Say your make a bike and find that the chain frequently slips from pedal. Create a fishbone diagram to trace potential root causes



Measurements



Materials



Human Factors



•Soft Sprockets material



•User frequently pedals while coasting down



Externalities



•Excessive greasing of rear sprocket/chain set



Supplier provided with ‘old’ specification of tension in chain



Chain fastened after pedal and sprockets tightened



Processes



Equipment
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Chain slips from pedal



Tools of Quality Control Charts •Track the quality metric (product attribute) as a function of ‘batch’ or production run (time series) • Characterized by a ‘mean value’ – this is the long-term process capability, and two specification limits (Upper Spec Limit USL, Lower Spec Limit (LSL)) • USL and LSL, if not specified are marked off at 3 std. deviations from mean. •Used to isolate special and common causes for variations in product attributes
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Tools of Quality Control Charts - Example •Consider the control chart showing the sample weight of a detergent bar from 30 production runs. •What can you say about the fluctuations in the sample weight?
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Tools of Quality Control Charts - Example •Now suppose you were told that two different filling machines are employed in producing the detergents. Machine A, B. •Machines A and B are used in the production according to the table below. •Run # Machine •1 B 2B 3B 4B •5 A 6A 7A 8A •9 A 10 B 11 B 12 B •13 B 14 B 15 B 16 B •17 B 18 B 19 A 20 A •21 A 22 A 23 A 24 B •25 B 26 B 27 B 28 B •29 B 30 B



•What can you say about machines A, B?
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Tools of Quality Pareto Charts •Pareto Charts represent a frequency of distribution of certain attributes – •X – axis = categories (of defects or causes) •Y – axis = number of times the category is observed •Secondary Y-axis = Cumulative number of times categories are observed (Optional) •Used to size the relative importance of categories •Effective prioritizing tools
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Tools of Quality Pareto Charts Distribution of root causes of defects



Cumulative distribution of failures…



Which root causes would you focus on to improve the quality?
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Tools of Quality Scatter plots X axis: Independent variable (parameter that can influence product attribute) Y axis: product attribute (critical to quality measure)



Tends to reveal dependencies between output and input via linear regression… EMR Confidential



Tools of Quality Scatter plots Consider the output from the detergent dispensing machine for a particular range of settings. Does the sample weight seem to depend on the machine setting? Why or why not?



Now, the gain on the machine is turned down and output of 30 trial runs are plotted on the left? Is there a pattern emerging?
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Engineering Value Creation •



Engineering overview



•



Product Development



•



Systems Engineering



•



Quality Function Deployment



•



Failure Mode and Effects Analysis



•



Quality and Value Engineering



•



Project Management
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Project Management Activities, process in a company are classified into two types….



Project Management



Operations Management



Lifecycle of work



Temporary



Longer term



Nature of work



Unique, developmental



Repetitive



Constraints



Budget, goals, schedule On-time delivery, quality, cost



Team



Cross disciplinary
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Operations



Project Management Test your Understanding…individual exercise Management Framework (Project or Operations) New product development New manufacturing process for existing product



Changing application servers hosting company website Changing suppliers for raw material in existing product Selecting suppliers for raw material in a new product Deployment of new software in clients’ computers
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Tools of Project Management Work Breakdown Structure (WBS) WBS: A classification of end-goals, intermediate goals and contingent goals that capture the entire scope of work in a ‘project’. Example: Below is an example of a WBS for building a bicycle
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Tools of Project Management Work Breakdown Structure (WBS) WBS Key Observations…. •There are no actions in a WBS •It is hierarchically organized • How detailed does it need to be? As much as can be managed as an individual task



Logical grouping of sub-goals in ‘goal’



•Developing a WBS should be iterative! •The assigned Project Leader/ Manager must involve key participants in developing the WBS • When is it complete? When the items in a WBS COMPLETELY cover the scope of work. Any extra addition is not contributing to the end-goal, any less Confidential will result in an incomplete EMR work



Tools of Project Management Work Breakdown Structure (WBS) Exercise Develop a WBS for the fast-food stand example. (ignore the numbering 15, 5, 30,… etc. in the previous case study)



Questions… •What did you find out about your fast – food business startup? •What are the drawbacks of the WBS? •Did it tell you that the idea is a good one? •Did it tell you how soon it can be done? EMR Confidential



Tools of Project Management Scheduling and Resource Allocation Once you have a WBS, the usual next step is to develop a plan to get the project accomplished. You need to know (a) how long it will take to do the project (b) How many resources it will take to do this project These two objectives are combined together in the ‘Gantt Chart’ Methodology of Scheduling and Resource Allocation.
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Tools of Project Management Scheduling and Resource Allocation Exercise: Consider the bike building example. Say it takes a team of 2 engineers and 2 technicians 14 days to design and build 1 frame. (Assume engineering activity is 80% of the total) If you only have one engineer to spare for this task, how much more/less time will it take to make a frame and bike? Exercise: Your customer Acme bike has given you a fixed amount of money build and show him one bike. You estimate that it will take you 4 weeks with your existing staff (15 people) to build and show the bike. Acme now wants to see the bike in 3 weeks. What will you do to meet his expectation? Acme is a very important customer and may buy thousands of bikes from you if they like the demonstration unit. EMR Confidential



Tools of Project Management Scheduling and Resource Allocation An experienced project leader will draw up an estimate of resources needed. Resource (manweeks)



How did you quote 4 weeks to ACME? 1. First you estimated that the work will take 54 man-weeks to do. 2. You have 15 people on staff including yourself; one is an administrator and you spend half your time in marketing. So you have effectively 13.5 people who can work on the project. 3. That gives you 54/13.5 ~ 4 weeks to show ACME one bike. EMR Confidential



1 Bicycle for Acme 1.1 Frame Set 1.1.1 Frame 1.1.2 Handlebar 1.1.3 Fork 1.1.4 Seat 1.2 Crank Set 1.3 Wheels 1.3.1 Front wheel 1.3.2 Rear wheel 1.4 Braking system 1.5 Shifting system 1.6 Integration 1.6.1 Concept 1.6.2 Design 1.6.3 Assembly 1.6.4 Testing 1.7 Project Management



54 8.5 4 2 1 1.5 6 7 3 4 8 6 16 2 8 4 2 2.5



7=4+3 Work needed to complete wheels = work needed to complete front wheel + work needed to complete rear wheel



Tools of Project Management Scheduling and Resource Allocation Now: ACME wants the bike in 3 weeks. You estimate the new resources it needs as follows… 1. First, notice that the same amount of work HAS to be done (ACME has not loosened his requirements) 2. So people needed = 54 man-weeks/3 weeks = 18 people 3. You have 13.5 people on staff – and you decide to now work full time on this project, so you need to hire (18 – 14) = 4 new people for 3 weeks! 4. Your people costs went up by (4/15) = 27% for three weeks.



Questions: 1. Suppose one task in the project was a lab testing step that took 1 week to complete. How would that change the project scope? 2. Are you able to provide a precise schedule to ACME about when the bike EMR Confidential will be ready?



Resource (manweeks) 1 Bicycle for Acme 1.1 Frame Set 1.1.1 Frame 1.1.2 Handlebar 1.1.3 Fork 1.1.4 Seat 1.2 Crank Set 1.3 Wheels 1.3.1 Front wheel 1.3.2 Rear wheel 1.4 Braking system 1.5 Shifting system 1.6 Integration 1.6.1 Concept 1.6.2 Design 1.6.3 Assembly 1.6.4 Testing 1.7 Project Management



54 8.5 4 2 1 1.5 6 7 3 4 8 6 16 2 8 4 2 2.5



Tools of Project Management Scheduling and Resource Allocation Now – the task at hand is to a. Create a detailed list of activities that will result in delivering the work result (Recall that the WBS does NOT have any verbs – only names of goals) b. Estimate how much time each activity will take c. Commit resources to the plan to deliver the bike d. Develop a detailed cost model for the plan/deliverable
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Tools of Project Management Scheduling and Resource Allocation



1.1 1.2 1.3 1.4 1.5 1.6



2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9



3



4 5 5.1 5.2 5.3 5.4 5.5 5.6 5.7



3.5
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30-Mar



29-Mar



28-Mar



27-Mar



26-Mar



25-Mar



24-Mar



23-Mar



22-Mar



3-Mar 4-Mar 8-Mar 9-Mar 9-Mar 15-Mar 31-Mar



21-Mar



1-Mar 3-Mar 7-Mar 7-Mar 7-Mar 15-Mar 30-Mar



20-Mar



2 1 1 2 2 1 1



Develop Project Schedule Deliver cost estimate Develop assembly plan Develop prototyping plan Contact vendors and establish delivery, costs Reserve test lab, equipment Review costs, deliver updated cost



19-Mar



31-Mar 31-Mar



Customer visit for demonstration Project Management



18-Mar



31-Mar 1-Mar



3.2 3.3 3.4



17-Mar



1 30



3.3 3.1-3.5



16-Mar



20-Mar 19-Mar 19-Mar 18-Mar 21-Mar 24-Mar 27-Mar 30-Mar 31-Mar



15-Mar



31-Mar



16-Mar 16-Mar 16-Mar 16-Mar 20-Mar 22-Mar 25-Mar 28-Mar 31-Mar



14-Mar



16-Mar



4 3 3 2 1 2 2 2 1



Build (Source) frame Source wheels Source braking system Source Seat Component test braking system Assemble bike Test bike Review test results Develop improvement plans



13-Mar



15



Assembly and Test 3.1 3.2 3.3 3.4 3.5 3.2 3.3 3.4 3.5



12-Mar



14-Mar 10-Mar 10-Mar 13-Mar 11-Mar 12-Mar 10-Mar 15-Mar 16-Mar



11-Mar



16-Mar



8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 15-Mar 16-Mar



1.6 1.1 1.1 1.4 1.3 1.2 1.1 2.1 - 2.7 2.8



10-Mar



8-Mar



6 2 2 5 3 4 2 1 2



Complete frame design Develop handlebar Develop fork Develop shifting system Develop braking systems Develop wheels Develop seat Design Review Milestone Complete purchasing orders



9-Mar



8



1.1 - 1.5



Design



8-Mar



6-Mar 3-Mar 4-Mar 4-Mar 2-Mar 7-Mar



7-Mar



1-Mar 1-Mar 1-Mar 1-Mar 1-Mar 7-Mar



6-Mar



5 2 3 3 1 1



5-Mar



Frame Wheels Braking system Shifting system Assembly and test plan Concept review milestone



4-Mar



Predeces Duration Start sors (days) Date End Date 30 1-Mar 31-Mar 6 1-Mar 7-Mar



3-Mar



Task Name Bicycle for Acme Develop Concept Design



2-Mar



Task ID 1 1



1-Mar



This is an example of a Gantt chart for delivering the bike to ACME…



Task Names…. (All Verbs!)



Sub-tasks Put as much detail as feasible E.g. under ‘Design’ tasks, are 9 sub tasks. Task ‘DESIGN’ starts when the earliest sub-task starts and ends when the sub-task with latest end-date ends.



Task ID 1 1 1.1 1.2 1.3 1.4 1.5 1.6



2



Task Name Bicycle for Acme Develop Concept Design



Predeces Duration Start sors (days) Date End Date 30 1-Mar 31-Mar 6 1-Mar 7-Mar



Frame Wheels Braking system Shifting system Assembly and test plan Concept review milestone



5 2 3 3 1 1



1-Mar 1-Mar 1-Mar 1-Mar 1-Mar 7-Mar



6-Mar 3-Mar 4-Mar 4-Mar 2-Mar 7-Mar



8



8-Mar



16-Mar



6 2 2 5 3 4 2 1 2



8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 15-Mar 16-Mar



14-Mar 10-Mar 10-Mar 13-Mar 11-Mar 12-Mar 10-Mar 15-Mar 16-Mar



15



16-Mar



31-Mar



4 3 3 2 1 2 2 2 1



16-Mar 16-Mar 16-Mar 16-Mar 20-Mar 22-Mar 25-Mar 28-Mar 31-Mar



20-Mar 19-Mar 19-Mar 18-Mar 21-Mar 24-Mar 27-Mar 30-Mar 31-Mar



1 30



31-Mar 1-Mar



31-Mar 31-Mar



1.1 - 1.5



Design 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9



3



Complete frame design Develop handlebar Develop fork Develop shifting system Develop braking systems Develop wheels Develop seat Design Review Milestone Complete purchasing orders



1.6 1.1 1.1 1.4 1.3 1.2 1.1 2.1 - 2.7 2.8



Assembly and Test 3.1 3.2 3.3 3.4 3.5 3.2 3.3 3.4 3.5



Build (Source) frame Source wheels Source braking system Source Seat Component test braking system Assemble bike Test bike Review test results Develop improvement plans



4 Customer visit for demonstration EMR Confidential 5 Project Management



3.3 3.1-3.5 3.2 3.3 3.4



1-Mar



Tools of Project Management Scheduling …Gantt Chart



Task ID 1 1



Predecessor tasks: E,g. This means that task 2.1 with predecessor 1.6 means that 2.1 cannot start until task 1.6 is completed. A task can have many predecessor subtasks



1.1 1.2 1.3 1.4 1.5 1.6



2



Task Name Bicycle for Acme Develop Concept Design



Predeces Duration Start sors (days) Date End Date 30 1-Mar 31-Mar 6 1-Mar 7-Mar



Frame Wheels Braking system Shifting system Assembly and test plan Concept review milestone



5 2 3 3 1 1



1-Mar 1-Mar 1-Mar 1-Mar 1-Mar 7-Mar



6-Mar 3-Mar 4-Mar 4-Mar 2-Mar 7-Mar



8



8-Mar



16-Mar



6 2 2 5 3 4 2 1 2



8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 8-Mar 15-Mar 16-Mar



14-Mar 10-Mar 10-Mar 13-Mar 11-Mar 12-Mar 10-Mar 15-Mar 16-Mar



15



16-Mar



31-Mar



4 3 3 2 1 2 2 2 1



16-Mar 16-Mar 16-Mar 16-Mar 20-Mar 22-Mar 25-Mar 28-Mar 31-Mar



20-Mar 19-Mar 19-Mar 18-Mar 21-Mar 24-Mar 27-Mar 30-Mar 31-Mar



1 30



31-Mar 1-Mar



31-Mar 31-Mar



1.1 - 1.5



Design 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9



3



Complete frame design Develop handlebar Develop fork Develop shifting system Develop braking systems Develop wheels Develop seat Design Review Milestone Complete purchasing orders



1.6 1.1 1.1 1.4 1.3 1.2 1.1 2.1 - 2.7 2.8



Assembly and Test 3.1 3.2 3.3 3.4 3.5 3.2 3.3 3.4 3.5



Build (Source) frame Source wheels Source braking system Source Seat Component test braking system Assemble bike Test bike Review test results Develop improvement plans



4 Customer visit for demonstration EMR Confidential 5 Project Management



3.3 3.1-3.5 3.2 3.3 3.4



1-Mar



Tools of Project Management Scheduling …Gantt Chart



Tools of Project Management Scheduling …Gantt Chart Develop a Gantt Chart to start a fast-food stand! (Make all necessary assumptions, but state them)
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