CHAPTER 4: Product Design
LO 1: Product Design: determining the form and function of the product, Product Approval Committees: top management, responsible for authorizing new products, reviewing their progress at phase review points, allocating resources across different projects, and ensuring consistency between strategy and development projects 
Core Teams: cross functional teams empowered to lead the design projects from idea to commercialization, resolving issues and conflicts, making trade-off decisions, directing other support staff, Phase Reviews (stage-gates): milestones during a new product design project when the progress is reviewed by the product approval committee (approve, cancel, or redirect) Escalator Effect: costs of changes tend to multiply with each phase (changing a sketch is a lot easier than changing a prototype and changing a prototype is a lot easier than changing the first production unit) Product Design Stages: idea generation and preliminary assessment (research and feedback), building a business case (assess technical feasibility and customer wants), development of product and process (designs and prototypes), testing and validation (external testing and trial runs), launch Concurrent Engineering: the team based approach of simultaneously designing the product and process, A- manufacturing engineers and personnel are able to identify production capabilities, early opportunity for procurement of critical machines 
LO 2: Reverse Engineering: dismantling a competitor`s product to discover what it is composed of and how the components work, searching for own product improvements R&D: lab scientists/engineers involved in creative work on a systematic basis to increase knowledge directed toward product and process innovation 
LO3: Life Cycle: incubation (low demand and volume, curiosity), growth (growing demand and volume, design improvements), maturity (few design changes), saturation (decline in demand), decline (prolong the useful life of a product) Standardization: extent to which there is an absence of variety in a part or product, A- reduce costs due to EOS, reduced time and cost to train employees, without it can lead to difficulties and competitive struggles, D- reduction in variety Mass Customization: producing basically standardized goods or services but incorporating some degree of customization  Delayed Differentiation: producing, but not quite completing, a product until customer preferences are known Modular Design: parts are grouped into modules that are easily replaced or interchanged. The product is composed of a number of modules or components instead of a collection of individual parts Reliability: the ability of a product, part, or system to perform its intended function under normal conditions  Failure: situation in which product, part, or system does not perform as intended Robust Design: design that can function over a broad range of conditions, Taguchi’s Approach- parameter design (determining the specification settings for the product that will result in robust design in terms of manufacturing variations, product deterioration, and conditions during use) Product Liability: a manufacturer is liable for any injuries or damages caused by a faulty product Remanufacturing: refurbishing used products by replacing worn out or defective components Design for Disassembly: design so that used products can easily be taken apart Recycling: recovering materials for future use Computer Aided Design (CAD): products design using computer graphics  Design for Manufacturing (DFM): takes into account the organization’s manufacturing capabilities when designing a product Design for Assembly (DFA): focuses on reducing the # of parts in a product and on assembly methods and sequence
LO4: Service Differences: intangible, created and delivered at the same time, degree of customization, low barriers to entry and exit, importance of location Design Guidelines: a single unifying theme, flexible delivery system, include design features and checks to ensure reliability, user-friendly
LO5: Quality Function Deployment (QFD): a structured approach that integrates the “voice of the customer” into the product design
CHAPTER 5: Strategic Capacity Planning
LO1: Capacity: the upper limit on the workload that an operating unit can handle. Capacity is also measured as maximum production rate. Alternatively, a major input is used Strategic Capacity Planning: systematic determination of facility and major equipment requirements to meet long-term demand for goods and services Importance of Long Term Capacity: impact on ability to meet future demands for products, affects operating costs and ease of management, determinant of initial capital cost, involves commitment of long term resources, affects competitiveness  Design Capacity: the maximum output that can possibly be attained under ideal conditions Effective Capacity: the maximum possible output that can be sustained given operating hours, product mix, scheduling difficulties, expected delays, and machine maintenance Efficiency = actual output / effective capacity Utilization = actual output / design capacity  Factors Influencing Effective Capacity: facilities and machines, product, workers, planning and operational factors, external factors
LO2: Strategic Planning Process Steps: 1)forecast demand for products, 2)calculate capacity requirements to meet forecasts , 3) measure capacity now and decided how to bridge future gap (generate technically feasible alternatives) Considerations for Developing Capacity Alternatives: design flexibility into the system, differentiate between new and mature products, take a “big picture” approach to capacity changes (prevent bottlenecks), prepare to deal with capacity “chunks” (rather than smooth increasing increments), attempt to smooth out capacity requirements, use capacity cushion (the excess of capacity over average demand), identify the optimal operating level (the level of production that has the lowest average unit cost) Economies of Scale: the economic conditions that favour larger plants and equipment by causing average unit cost to decrease as production increases
LO3: Breakeven Point: the quantity of output at which total cost and total revenue are equal 
CHAPTER 6: Process Design and Facility Layout

LO1: Process Design: determining the form and function of how goods and services are produced Make or Buy: decide whether to make a part or product in house or to buy it or a segment of production process from another company Job Shop: a process type used when a low quantity of high variety customized goods or services is needed (tool and die, emergency hospital ward, etc) Batch Process: a type of process used when a moderate volume and variety of goods or services is desired (bakeries, movies theatres, airlines, etc) Repetitive Process: a type of process used when higher quantities of more standardized goods or services are needed Production Line: a sequence of machines/workstations that perform operations on a part/product Assembly Line: a production line where parts are added to a product sequentially Continuous Process: used when a high volume of highly standardized output is required (steel, paper, sugar, etc) 
LO2: Automation: using machinery/equipment with sensing and control devices that enable it to operate automatically  Fixed Automation: high cost specialized equipment for a fixed sequence of operations Programmable Automation: high cost general purpose equipment controlled by a computer program that provides both the sequence and specific details of each operation Numerically Controlled Machines: machines that perform operations by following mathematical processing instructions Robot: a machine consisting of a mechanical arm, a power supply, and a controller Machining Centre: a machine capable of performing a variety of operations on parts Flexible Manufacturing System (FMS): a group of machining centres controlled by a computer, with automatic material handling and robots or other automated equipment  Computer Integrated Manufacturing (CIM): a system for linking a broad range of manufacturing and other activities through an integrating computer system 
LO3: Methodology for Production Process Design: 1) define the production process, 2) production process development (conceptualizes the design, make an embodiment of the design, create a detailed design), 3) buy the machines and equipment, recruit workers, an start trial runs Process Flow Diagram: shows the operations and movement of material through the operations Suggestions to Raise Customer Perceptions: do not raise customer expectations too high in the beginning, end the service positively, if pleasurable divide into segments, if painful combine the segments, let customers control part or all of the process, communicate quality
LO4: Product Layout: arranges production resources linearly according to the progressive steps by which a product is made, A- low cost production, simplified accounting, purchasing, and inventory control, D- high equipment costs, repetitive jobs, RSI’s, inflexibility  Process layout: arranges production resources together according to similarity of function (discontinuous work flow – intermittent processing) Cellular Layout: layout in which different machines are arranged in a cell that can process items that have similar processing requirements Group Technology: grouping items with similar design or manufacturing characteristics into part families  Other Layouts: warehouse, retail, office
LO5: Line Balancing: assigning tasks to workstations in such a way that work stations have approximately equal time requirements Cycle Time: the maximum time allowed at each workstation to complete its set of tasks on a unit (CT = OT/D where CT- cycle time, OT-operating time, D-desired output per day) Nmin = summation t / CT (Nmin- theoretical minimum number of work stations) Precedence Network: a diagram that shows the tasks and their precedence requirements
Percentage Idle Time = (summation of idle times per unit / Nactual x cycle time) x 100 Efficiency of the Line = 100 – percentage idle time Parallel Workstations: deal with bottlenecks by providing an increase work flow and flexibility 
LO6: Minimizing Total Transportation Cost/Distance: a list of department and work centres with approximate dimensions, current and future work flows between departments, distance between the centres of locations and cost per unit of distance to move loads, list of any special considerations Heuristic: 1) assign the pair of departments with the greatest interdepartmental work flow to locations whose centres are closest to each other, 2) pick a pair with the second highest work flow and assign them two available locations whose centres are the next two closest, 3) continue until all departments have been assigned Closeness Ratings: use same equipment or facilities, share the same personnel, sequence of work flow, ease of communication, unsafe or unpleasant conditions, similar work performed
CHAPTER 7: Design of Works Systems
Job Design: Involves specifying the content and method of a job with the objective to increase long term productivity, Two Schools of Thought on Job Design:
Efficiency School: emphasizes a systematic, logical approach to labour cost reduction Behavioral School: emphasizes the satisfaction and wants and needs of workers as a motivator for increased productivity Specialization: Focuses jobs to a narrow scope; some of these jobs can be monotonous and boring, A – For Company: simplifies training, high productivity, low wage costs. For Worker: low education and skill requirements, minimum responsibilities, little mental effort needed, D – For Company: difficult to motivate quality, worker dissatisfaction, possibly resulting in absenteeism, high turnover and disruptive tactics. For Worker: Monotonous, boring work, Limited opportunities for Advancement, Little control over work, Little opportunity for self fulfillment Job Enlargement: means giving a worker a larger portion of the total task of making the good or providing the service (horizontal loading – additional work Is on the same level of skill and responsibility) Job Rotation: means having workers periodically exchange jobs Job Enrichment: involves an increase in the level of responsibility for planning and coordination (vertical loading) Self Directed Team: sometime referred to as a autonomous team , is a group of employees who perform the same function; Idea: know the work the best and are well suited to make the most effective decisions Methods Analysis: Breaks down the job into a sequence of tasks and elements and tries to make it more efficient 1) identify the job to be studied and gather all pertinent facts about it operations, machines, equipment, materials and so on 2) Discuss the job with the operator or supervisor 3) Analyze and document the present method of performing the job 4) Question the present method and propose a new method Process Chart: charter used to examine the overall sequence of an operation by focusing on movements of the operator or flow of material; these charts are helpful in identifying the non-productive steps of the process Worker-machine Chart : Used to determine portions of a work cycle during which an operator and equipment are busy or idle; analyst can see when the operator and the machine are working independently and when their work overlaps Motion Study: Systematic study of human motions used to perform an operation or task Purpose: to eliminate unnecessary motions and to determine the best sequence of motions for maximum efficiency Techniques/Tools Motion economy principles (guidelines for designing motion-efficient work procedures (use of arms and body, arrangement of the workplace and design of tools and equipment)), Analysis of elementary motions, Micro-motion study (slow motion video) (use of motion pictures and slow motion to study motions that otherwise would be to rapid to analyze ), Simultaneous hands motion chart Simo Chart: a chart that shows the elementary motions performed by each hand, side by side, over time Working Conditions: Temperature and Humidity, Ventilation, Illumination, Noise and Vibrations, Work Breaks, Safety, Ergonomics Work Measurement: Determining how long it should take to do a job Standard Time: the amount of time it should take a qualified worker to complete a specified task, working at a sustainable rate and suing given methods, tools and equipment, raw materials, and workplace arrangement, Organization develop ST’s in a number of ways: 1) Stopwatch time study 2) Predetermined element times 3) Work sampling Stopwatch time study: Development of a standard time based on observations of one worker take over a number of cycles, Steps: Define the job to be studied and inform and worker who will be studied, Determine the number of cycles to observe, Time the job and rate the workers performance, Calculate the standard time allowing for rest periods, Number of cycles that need to be timed is a function of 3 things: 1) variability of observed times, 2) the desired accuracy and 3) desired level of confidence for the estimated job time, Sample size -> n = (z*s/a*x[bar])^2 when accuracy stated as proportion, Sample size -> n = (z*s/e)^2 when accuracy stated as an amount, Observed Time -> [image: image2.png]


 Normal Time -> NT = OT x PR where PR = Performance rating (assumes single performance rating has been determines for the entire job), If task by task basis then: NT = [image: image4.png]L(xjlbar] « PRj)



 where xj[bar] = average time for task j and PRj = performance rating for task j Standard time -> ST = NT*Af where AF = allowance factor, Job time: AF = 1 + A where A = allowance proportion based on job time, Time Worked: AF = 1/(1-A) where A = allowance proportion based on workday (Note: If extremely short time is recorded, ignore due to possible error. If extremely large time recorded, analyst would investigate) Predetermined Element Times: Published data based on extensive research on element times Methods-time Measurement: commonly used set of tables; 1) Divide job into basic elements 2) Measure the distances involved 3) Rate the difficulty of the element 4) Refer to the appropriate table of data to obtain the time for that element 5) Add all the times for all of the basic elements up to get total job time Work Sampling: Technique for estimating the proportion of time that a worker spends on each activity or is idle GOAL: to obtain an estimate that provides a specified confidence of not differing from the true value by more than a specified error proportion, Deigned to produce a value p^ which estimates the true proportion p, within some acceptable error proportion p^ +/- a where a = [image: image6.png]


 Note: p is supposed to be p^ in the above formula n = [image: image8.png]|« p(1-p)




        Overall Procedure: 1) Clearly identify the workers to be studied 2) Notify the workers of the purpose of the study to avoid arousing suspicion 3) Calculate an initial estimate of sample size using a preliminary estimate of p, if available otherwise use p^ = 0.5 4) Develop a random observation schedule 5) Begin taking observations. Recalculate the required sample size several times during the study (jobs need to be spread out) 6) Determine the estimated proportion of time spent on the specified activity Time-based Pay: compensation based on length of time an employee has worked (salary) Output-based pay: compensation based on the amount of output an employee produces, TBP more widely used than OBP (since very straightforward, reduces pressure),  Piece-rate pay should be: accurate, easy to apply, consistent, easy to understand and fair Used to be popular but now minimum-wage legislation makes it impractical Group Bonus Plans: stress sharing of productivity gains with all employees Skill/Knowledge Bonus Plans: reward workers who undergo training to increase their skill or knowledge; horizontal skills (variety of tasks capable of performing ), vertical skills (managerial tasks capable of) and depth skills (reflect quality and productivity results) 
CHAPTER 8: Location and Planning Analysis
LO1:Location Decision Process: Way organization approaches location decisions often depends on its size and the nature and scope of its operations; small Companies = Informal approach, Large Companies = Formal Approach 1) Identify important search parameters and factors, such as location of markets or raw materials 2) Gather information on appropriate sites 3) Eliminate some to obtain a short list of 3 or 4 sites 4) Visit the short listed sites, meeting with local authorities and real estate agents 5) Evaluate the alternatives and make a decision (typically, process can take 6 months to a year)
LO2: Regional/Country Factors: Location of Raw Materials (Companies locate near or at the source of their raw materials for 4 primary reasons: necessity, perishability and transportation costs), Location of Markets, Labour Factors (primary considerations: availability of workers, the age rates and productivity, and whether unions are a potential problem; labour costs can differ extensively across regions; costs of living also varies across regions), Other Factors (electric power, provincial business and personal tax laws, land and building costs all differ across regions), Foreign Locations (Companies attracted to these areas to exploit their natural resources or to expand their markets; corruption, ability to coordinate activities, language and cultural differences, etc. are all factors to consider Community and Site Related Considerations: Blue collar workers usually don’t relocate to find work; as such, companies need to ensure there are sufficient numbers of potential applicants living near a site, Facilities for education, shopping, recreation, transportation, entertainment and medical services are all factors companies consider when determining the desirability of a community as a place for its manger and worker to live, Heavy industries – close to railway lines, Light industries – close to highways, Primary conditions for land and site are land and access (company will usually first estimate the size of land and building required)Service and Retail Locations Customer access is usually a primary consideration (for banks and supermarkets but not call centers or online services), Service retailers tend to be profit or revenue focused, concerned with demographics such as age, income and education
LO3: Location break-even analysis, Factor Rating: involves scoring the factors (both quantitative and qualitative) and determining the weighted score for each location and choosing the location with the highest weighted score; 1) Determine which factors are relevant 2) Assign a weight to each factor that indicates its relative importance compared with all the other factors 3) Decide on a common scale for all factors 4) Score all factors for each location 5) Multiply the factor weight by the score for each factor ad sum the results for each location 6) Choose the location that has the highest composite score Centre of Gravity Method: method for locating a distribution centre/warehouse that minimizes total distribution cost; 1) Develop a map showing the destinations 2) Add a coordinate system 3) Determine the Centre of gravity, Note: We assume that the distance is rectilinear so that we can decompose the problem into x-axis and y-axis problems; If quantities to be transported to every destination are equal, one can obtain the coordinates of COG by finding x^ and y^ (x^ = [image: image10.png]


  where xi is the coordinate for destination I, When quantities are not the same, we use a weighted average (x^ = sum(xi*Qi) / sum(Qi) where Qi is the quantity to be transported to destination I

CHAPTER 4S: Reliability 

LO1: Reliability: the ability of a product or part to perform its intended function under a prescribed set of conditions; reliability when activated (often used when a product or part must operate for one time), reliabiulity for a given length of time (focuses on length of service) Relibaility management: involves establishing, achieving, and maintaining reliability objectives for products Redundancy - The use of backup components to increase reliability

LO3: The second way of looking at reliability considers a use factor, usually the time dimension Failure rate per hour: number of failures divided by total operating hours If failure rate is constant over time, time-quantity transposition is applicable, i.e., one can reduce the test time but use more test items. Mean time to failure (MTTF) - The average length of time before failure of a product or component, equals the inverse of failure rate per hour Mean time between failures (MTBF) - The average time from the up time after the repair following a failure to the next failure Availability - The fraction of time a piece of equipment or a repairable product is expected to be available for operation Mean time to repair (MTTR) – The average length of time to repair a failed item Availability =[image: image12.png]


 
CT = OT/Output  NT=OTxPR  ST= NTxAf   N=sum(time)/CT  (#of workstations)    Percentage idle time = sum idle times x100%/#of workstations *CT
Centre of gravity method – x1*q1 +x2*q2.../sum(quantity)

