GMS 401 Textbook Notes
Chapter 9 (Management of Quality)

Introduction
· Quality refers to the ability of a good or service to consistently meet or exceed customer expectations. 
· In the 1980s, when the Japanese competition increases in NA markets, quality was not uppermost in the minds of the management. 
· Foreign companies, many of these Japanese, captured a significant share of the NA market. 
· Automotive giants such as Toyota and Honda became major players in the NA market. 

Evolution of Quality Management
· Prior to industrial revolution, skilled craftsmen performed all stages of production. Pride of workmanship and reputation often provided the motivation to see that a job was done right. Lengthy guild apprenticeships caused this program to carry over to new workers. 
· Division of labour accompanied the Industrial Revolution; each worker was then responsible for only a small portion of each product. Pride of workmanship became less meaningful because workers could no longer readily identify with the final product. 
· Quality control shifted to the foremen and full-time quality inspectors. 
· Quality assurance, which aims to prevent defects before they occur rather than finding them after they occur. 
· Continuous improvement, never-ending improvements to key processes as part of TQM. 

Dimensions of Quality
		Quality of Goods
· Performance: main characteristics or function of the product
· Aesthetics: appearance, feel, smell, taste. 
· Special features: extra characteristics or secondary functions. 
· Safety: reduction or elimination of risk of injury or harm
· Reliability: consistency of performance over time
· Durability: long life
· Perceived Quality: subjective evaluation of quality
· Service after sale: warranties, maintenance, and handling of complaint. 
· Latent quality: assumed quality. 
Service Quality
· Tangibles: the physical appearance of facility, equipment, personnel, and communication materials. 
· Convenience: the availability and accessibility of the service. 
· Reliability: the ability to perform a service dependably, consistently, and accurately for a certain length of time. 
· Responsiveness: the willingness of service producer to help customers in unusual stations and to deal with problems
· Time: the speed with which the service is delivered
· Assurance: the knowledge exhibited by personnel and their ability to convey trust and confidence. 
· Courtesy: the way customers are treated by employees. 

Determinants of Quality
1. Product Design: is the starting point for the level of quality eventually achieved. Product design involves decisions about the characteristics and specifications of a product such as size, shape, and material. Quality is what the customer demands or requires. Quality function deployment should be used to translate the customer requirements into technical attributes of the product and their target values. 
2. Process Design: technical product characteristics should be translated into process characteristics and specifications. 
3. Production: conformance of design specification refers to the degree to which the produced goods to services conform to the specifications of the designers. This is affected by factors such as documentation of the processes and procedures, the skills and training of operators, the stability and monitoring of processes, taking corrective actions, communication and meeting of staff, record keeping and verification, and having good quality suppliers. 

Costs of Quality
· Failure Costs: incurred by defective parts or products. 
· Internal failures: those discovered during production
· External failures: discovered after delivery to the customer. 
· Internal failures occur for a variety of reasons: defective material from vendors, incorrect machine settings, faulty equipment, incorrect methods, incorrect processing, and faulty or improper material handling procedures. The costs of internal failures include lost production time, scrap and rework, possible equipment damage, and possible employee injury. 
· External failures: are defective products that go undetected by the producers. The costs are warranty work, handling of complaints, replacements, liability/litigation, payment to customers or discounts used to offset the inferior quality, loss of customer goodwill, and opportunity costs related to lost sales. 
· Appraisal (detection) costs: relate to inspection, testing, and other activities intended to uncover defective products. They include the cost of inspectors, testing, test equipment, 
· Prevention Costs: attempts to prevent defects from occurring. They include costs such as quality planning and administration, working with vendors, standard operating procedures, and training. 

ISO 9001
· Purpose of International Organization of Standardization (ISO) is to promote worldwide standards that will improve operating efficiency and productivity, and reduce costs. The ISO is composed of national standards bodies of 100 countries. 
· ISO 9001: the international standard for a quality management system. This standard is critical for companies doing business internationally, partially in Europe. 
· A company wanting to be certified must document its process and procedures, and undergo an external on-site assessment by accredited auditors. 
· The ISO 9001 review process involves considerable self-appraisal, resulting in problem identification and improvement. 

Hazard Analysis Critical Control Point (HACCP)
· HAACP: quality management system, similar to ISO 9001, designed for food processors, especially meat, poultry, and fish processors. It is enforced by the Canadian Food Inspection Agency (CFIA). The goal of HACCP is to establish guidelines that help food manufacturers consistently produce safe food by preventing biological, chemical or physical hazards that could make the food unsafe for human consumption.
3 main HACCP steps:
1. Perform Hazard Analysis
· For each processing step, identify potential hazards. To do this one can use the reference database of CFIA; books on microbiology, food processing, and plant sanitation. Health Canada reports in illnesses, recalls and complaints; and scientific papers. Hazards are classified as biological, chemical, and physical. 
· Determine if the potential hazard is significant and provide your justification. 
· Provide preventive measures for significant hazards in process design. 
2. Determine the Critical Control Points (CCPs)
· For every processing step with one or more significant hazard(s), if there will not be a subsequent step that would eliminate the hazard, then this step is a CCP. The receiving point of raw material, the closing point of the cans, and the sterilization point are typical CCPs. 
3. Establish the HACCP Plan
· For each CCP hazard, determine a control/preventive measure, the critical limits, the monitoring procedure, the corrective action and records, and the verification procedures. 

Canada Awards for Excellence (CAE)
· Canada Awards for Excellence recognize outstanding quality achievement by Canadian organizations, administered annually by the National Quality Institute (NQI), an independent not-for-profit organization. 
· In recent years, to make the implementation of the quality management system easier for organizations, NQI has divided the implementation into four stages or levels. 
· Level 1 (Foundation): CAE certification requires developing a mission statement, defining customers, planning training in management principles and practices, and performing an assessment of the above activities. 
· Level 2 (Transformation): CAE certification involved strategic planning; identifying customer needs; human resource planning; identifying, documenting, and improving key processes; and supplier/partner planning. 
· Level 3 (Role Model): CAE certification, the organization demonstrates shared commitment; performs periodic planning, sets priorities, and communicates performance; measures customer satisfaction and receives feedback; involved employees health and safety, provides training and measures its effectiveness;, and measures employee satisfaction; 
· Level 4 (World Class): CAE requirements build on other levels, and the organization demonstrates that it has achieved good to excellent overall results and at least three years of positive trends from the improvement efforts. 

Total Quality Management (TQM)
· TQM: an approach to quality management that involves every in an organization in quality management and continual effort to improve quality and customer satisfaction. 
· There are 3 key features in TQM. 1) Never-ending push to improve quality aka continuous improvement. 2) Involvement of everyone in the organization in quality management; 3) the goal of ever-increasing customer satisfaction. 
· The approach of TQM can described as follows:
1. Find out what customers want with the use of surveys, focus groups, interviews, etc. 
2. Design a product that will meet customer requirements
3. Design processes that facilitate doing the job right the first time. Determine where mistakes are likely to occur and prevent them.
4. Keep track of results and use them to guide improvement in the system. 
5. Extend these concepts to suppliers/partners. 

Problem solving and Continuous Improvement
· Plan-do-study-act (PDSA) cycle also referred to Deming Cycle is the problem-solving and quality improvement methodology used in continuous improvement. 
· There are 4 basic steps in the PDSA cycle:
1. Plan: begin by studying the current problem. Document the problem. Then collect data. Next, analyze the data and develop a plan for improvement. Specify measures for evaluating the plan. 
2. Do: Implement the plan, on a small scale if possible. Document any changes made during this phase. Collect data systematically for evaluation. 
3. Study: Evaluate the data collected during the do phase. Check how closely the results match the original goals of the plan phase. 
4. Act: If the results are acceptable, standardize the new solution and communicate it to all people associated with the problem. Implement training for the new solution. If the results are unacceptable, revise the plan and repeat the cycle or cease the project. 

Six Sigma
· A more sophisticated statistical approach to problem solving and quality improvement than used in the PDSA cycle of the continuous improvement. 
· The problem solving and quality improvement methodology in Six Sigma has five steps: 1) define, 2) measure, 3) analyze, 4) improve, and 5) control. 
· Employees are trained to become fulltime change agents, called black belts. 
· 7 basic tools of Six Sigma are:
1. Stratification: A technique that separates data gathered from a variety of sources so that patterns can be seen (some lists replace “stratification” with “flowchart” or “run chart”). Process Flow Diagram in the test.
2. Check sheet: A structured, prepared form for collecting and analyzing data; a generic tool that can be adapted for a wide variety of purposes.
3. Histogram: The most commonly used graph for showing frequency distributions, or how often each different value in a set of data occurs.
4. Pareto chart: Shows on a bar graph which factors are more significant.
5. Scatter diagram: Graphs pairs of numerical data, one variable on each axis, to look for a relationship. 
6. Control charts: Graphs used to study how a process changes over time.
7. Cause-and-effect diagram (also called Ishikawa or fishbone chart): Identifies many possible causes for an effect or problem and sorts ideas into useful categories. 

Methods for Generating Ideas and Reaching Consensus
1. Brainstorming: a technique for generating a free flow of ideas on finding causes, solutions, and implementing solutions in a group of people. 
2. Quality Circle: group of workers, usually in the same department, who meet to discuss ways of improving the products and processes. They motivate workers by demonstrating management interest in worker ideas. 
3. Interviewing: an improvement team can use this technique to collect information about a problem. Internal problems may require interviewing employees; external problems may require interviewing customers and suppliers. 
4. Benchmarking: process of measuring an organization’s performance against the best in the same or another industry. Its purpose is to establish standard against which performance is judged, and to possible learn how to improve.
5. 5W2H approach: asks questions about a problem that begin with: what, why, where, when, who, how, and how much. 


Chapter 10 (Statistical Quality Control)

Introduction
· Statistical Quality Control: uses statistical techniques and sampling in monitoring and testing of quality of goods and services. Statistical control is important because it provides an economical way to evaluate the quality of products and meet the expectations of the customers. 
· The part of the statistical control that relies primarily on inspection/tests of previously produced items is referred to as acceptance sampling. 
· Inspection is an appraisal activity that compares the quality of a good or service to a standard. 

Statistical Process Control Planning Process
1. Define the quality characteristics important to customers, and how each is measured
2. For each characteristic:
a) Determine the quality control point
b) Plan how inspection is to be done, how much to inspect, and whether centralized or on-site.
c) Plan the corrective action. 

Phases of Quality Assurance
1. Acceptance Sampling: inspection before and after the production process.
2. Process Control: corrective action DURING production.
3. Continuous Improvement: Quality BUILT-IN to the manufacturing process. 

Determine a Quality Control Point
· Many possible places during a process where inspection could be done
· Each inspection point adds to the cost of the product
· Manufacturing inspection points are as follows:
· At the BEGINNING: why pay out more money for goods that are bad to begin with
· At THE END of the process: Customer satisfaction and the manufacturing company’s image are at stake here. 
· At the operation where a characteristic of interest to the customer IS FIRST DETERMINED: BEFORE a costly, irreversible, or covering (painting or similar operation. 

How much to inspect?
· The amount can vary from none to 100%
· For low cost high-volume
· Paper clips, nails, pencils
· Costs associated with passing defectives quite low
· Processes that produce such items usually highly reliable. 
· Items that have LARGE COSTS associated with passing defectives require inspection. 
· Critical components of a vehicle are closely scrutinized
· Windshield wipers MUST be high reliable. 

Statistical Process Control
· SPC: concerned with statistical evaluation of the product in the production process. To do SPC, the operator takes periodic samples from the process and compares them with predetermined limits. 
· Random Variation: Natural variation in the output of a process, created by countless minor facts. 
· Assignable Variation: Non-random variability in process output; a variation whose cause can be identified. 

Control Charts
· 1. X-bar and R: Inspection for Variables
· There is frequently a single dimension most indicative of QUALITY or lack thereof
· A certain amount of variation is permitted such that the item—such as a men’s or women’s shoe will still fit even if it is slightly bigger or slightly smaller than the STANDARD. No one is likely to be exactly a size 8 however 7 ½ may be too small while 8 ½ is too large. 
· 2. Inspection for Attributes
· normally inexpensive (relatively speaking)
· Not economically feasible to repair
· We accept that batches of such products will contain a certain % or fraction of defectives
· To obtain 100% perfection, all would need to be inspected and failures would be scrapped thereby driving the costs way up. In many cases it is NOT economically feasible to do 100% inspection. 
· P-bar or fraction/percent defectives in a BATCH
· Typical are things like wire coat hangers
· Bought in lots of 1000 or more Type I and Type II errors are also called errors of the first kind and errors of the second kind. 
· a Type I error is the rejection of a true null hypothesis
· A Type II error is the failure to reject a false null hypothesis.
· C-bar  or defects per unit of a product
· Car quality can be measured this way and is:
· For a given car, how many defects does this car have on average? As a basis for comparison when making a buying decision. 




Designing Control Charts
1. Determine a sample size n (usually between 2 and 20). The choice of n depends on the cost of inspection versus the expected cost of Type II error. The larger n, the smaller the probability of Type II error. 
2. Obtain 20-25 samples size of n. Compute the appropriate sample statistic for each sample. 
3. Establish preliminary control limits using appropriate formulas, and graph them. 
4. Plot the sample statistic values on the control chart, and note whether any points fall outside the control limits. 
5. If you find no points outside the control limits, assume that there is no assignable cause and there the process is stable and in control. If not, investigate and correct assignable causes of variation. 

Process Capability
· Design Specification: established by engineering design or customer requirements, is a range of values in which a product must fall in order to be acceptable. Control limits are statistical limits that reflect the extent to which sample statistics such as mean and range can vary due to randomness alone. 
· Process Variability: the actual variability in a process for a product. Control limits and process variability are directly related; control limits are based on sampling distribution variability, and sampling distribution variation is a function of process variability. 
· Process Capability: refers to the ability of a process to meet the design specification. Measuring this capability is called capability analysis. 

Six Sigma Quality
· More advanced version of problem solving/continuous improvement that was discussed in the previous chapter. It also refers to the goal of achieving process variability so small that half-width of design specification equals six standard deviations of the process. 
· The Six Sigma improvement methodology involves:
· Define: Determine the customers and critical-to-quality procedures
· Measure: Identify and measure the quality problems, determine the baseline Sigma, and identify possible influencing factors. 
· Analyze: Test the influencing factors and identify the vital few
· Improve: Select the solution method, prove its effectiveness, and implement it. 
· Control: Develop a process control plan. 

Design of Experiments
· Involves performing experiments by changing levels of factors to measure their influence on output and identifying best levels for each factor. 




Chapter 12 (Inventory Management)

Introduction
· An inventory or stock is any material or product sitting idle, not being used, usually in a warehouse or storeroom, and kept for use or sale in the future. 
· Companies typically store hundreds or even thousands of items in inventory. 
· Inventory Management is concerned with planning and controlling inventories. 

Functions of Inventories
1. To wait while being transported: Raw materials, and parts from suppliers, and finished goods from manufacturers heading to markets need to be transported. This is usually done by ship, rail, truck, or planes. Time of shipment depends on the mode of transportation. 
2. To protect against stock-outs: Delayed deliveries and unexpected increases in demand increase the risk of stock-outs or shortages. Delays can occur because of weather conditions, supplier stock-outs, deliveries of wrong materials, quality problems, and so on. This risk can be reduced by holding safety stocks.
3. To take advantage of economic lot size and quantity discount: To minimize purchasing, receiving, material handling, and accounts payable costs, an organization often buys in quantities that exceed their immediate requirements. This necessitates storing some or all of the purchased goods for later use. Similarly, it is usually economical to product in large rather small quantities. Again, the excess output must be stored for later use. Inventory storage allows companies to buy or product in economic lot sizes. 
4. To smooth seasonal demand or production: Manufacturers that experience seasonal patterns in demand often build up inventories during off-season periods to meet high requirements during peak seasons. 
5. To decouple operations: Historically, manufacturers have used inventories as bugger between successive operations to maintain continuity of product that would otherwise be disrupted by events such as breakdowns of equipment and accidents that cause a portion of the operation to shut down temporarily. 
6. To hedge against price increases: Occasionally a buyer or manager will suspect that a substantial price increase is about to occur and will purchase larger-than-normal amounts to avoid the price increase. 

Requirements for effective inventory management
1. Safely storing and using inventories
· Most inventory items need to be protected from harsh outdoor environments such as rain and snow. Therefore, inventory is stored somewhere indoor such as a warehouse or storeroom. 
· A warehouse should be uncluttered so that items can be stored and retrieved easily. In addition to difficulty in finding a particular item, a camped warehouse will result in excessive damage to stocks. 
· A warehouse management system is computer software that controls the movement and storage of materials within a warehouse, and processes the associated transactions. 
2. Tracking inventories and using inventory control models
· Periodic counting: Physical count of items in inventory made in periodic intervals. (E.g. weekly, monthly.)
· Perpetual tracking: keeps track of removals from and additions to inventory continuously, thus providing the current inventory level of each item.
· Fixed Order Quantity: An order of a fixed size is placed when the amount on hand drops to or below a minimum quantity called the reorder point. 
· Two bin system: Reorder when the first bin is empty, use the second bin until order arrives; Top off the second bin and leave the rest in the first bin; Start drawing inventory from the first bin until it is empty again, and repeat. 
· Bar code: A number assigned to an item or location, made of a group of vertical bars of different thickness that are readable by a scanner. 
3. Forecasting demands and lead times
· Inventories are used to satisfy future demand requirements, so it is essential to have reliable estimates of the amount and timing of future demand. 
· Purchase lead time: Time interval between ordering and receiving the order. 
· Point-of-sale systems: Software for electronically recording sales at the time and location of the sale. 
4. Estimating inventory costs
· Three basic costs associated with inventories: holding, ordering, shortage costs
· Holding cost: Cost to keep an item in inventory. 
· Ordering Cost: Cost of the actual payment of an order (not including the purchase cost)
· Shortage Cost: Cost of demand exceeding supply of inventory on hand; includes unrealized profit per unit, loss of goodwill, etc. 
5. Performing A-B-C classification. 
· A-B-C classification: Grouping inventory items into three classes according to some measure of importance, and allocating inventory control efforts accordingly. 











Chapter 14 (Material Requirements Planning and Enterprise Resource Planning)

Introduction
· MRP is a planning and scheduling technique primarily used for batch production of the components of assembled units. 
· ERP software is used to manage and coordinate all the resources, information, and functions of an organization from a shared database. 

Dependent Demand
· Demand for subassemblies, parts, or raw materials that are derived from the plan for production of finished goods. 

MRP Inputs
· Master Production Schedule (MPS): 
· The anticipated BUILD SCHEDULE
· Stating which END (finished/completed) items are to be produced
· When
· What quantities—for the next 12 weeks or so
· QUANTITIES in an MPS are determined to:
· Are determined to FULLY satisfy CUSTOMER ORDERS and forecasts
· Bill of Materials:
· Listing of all of the subassemblies, parts, and raw material that are needed to produce one unit of a finished product. Thus, each finished product has its own bill of material. 
· A Bill of Material is related to:
· The assembly diagram (see slide 6 for another example)
· Product structure tree. (see slide 7 for another example)
· There are special types of BOMs:
· Planning Bill also known as a pseudo bill or a kit is a combination of several BOMs. While it does NOT relate to a real product, its use will result in the calculation of the right number of components to be purchased or produced. PLANNING BILLS are used to reduce the number of BOM’s necessary for planning when products have various options
· Modular Bill is a BOM for a module. Modular Bills are used to reduce the number of BOMs when a product consists of various modules. 
· Phantom Bill also called a transient bill is for an item that is usually not kept in inventory. has zero lead time. It is important that the BOM accurately reflect the composition of a product. 


Inventory Levels, Lead Times, and Open Orders
· Each item (product, sub-assembly, part or raw material) in stock should have:
· Description file on the item
· If purchased, the lead time.
· Quantity-on-hand should be updated continuously and as transactions occur. 
· Each manufactured or assembled item will have:
· A CONFIGURATION file, which shows operations necessary and components used. 
· Each operation will have a standard time for setup and a per unit operation time. 
· Open Orders: Each OPEN shop order and OPEN purchase order
· Has a QUANTITY and DUE DATE. 

MRP Definitions
· Gross Requirement: Demand for an item DURING a time period (a week or a day) without regard to the amount on-hand. For an END-ITEM, this is shown in the MPS (Master Production Schedule)
· SCHEDULED RECEIPT: open order scheduled to arrive from a vendor or shop floor in the BEGINNING of a period.
· Projected on-hand: Amount of INVENTORY expected to be on-hand at the BEGINNING of a time period.
· Net Requirement: The ACTUAL amount needed in a time period.
· Planned-order Receipt: The QUANTITY planned to be received in the BEGINNING of a period. 
· Under lot-for-lot ordering, it will equal NET REQUIREMENT
· Under LOT-SIZE ordering, it may EXCEED net requirement.
· Any excess is added to available inventory in the BEGINNING of the NEXT period.
· Planned-order Release: The quantity planned to be RELEASED (i.e. Ordered) in the BEGINNING of a period
· It equals the planned-order receipt offset by LEAD TIME
· This amount generates GROSS REQUIREMENTS at the next level down in the BOM (Bill of Materials). 

Updating the system
· An MRP is NOT A STATIC document
· There will be changes
· Customer may change order quantities and dates expected, vendors may be late or have shipments rejected due to quality issues etc. 
· Thus an M.R.P. Document is a LIVING document that changes over time
· There are TWO basic approaches to update M.R.P. Tables:
· Regenerative MRP: Essentially a BATCH type approach. All inputs to MRP are updated (e.g. Inventory on hand, receipts) the MRP quantities are blanked, and the MRP is processed again. Recalculates all the MRP quantities periodically. 
· Net-change MRP: The requirements PLAN is MODIFIED to reflect changes as they occur. If some defective parts have to be returned to a vendor, the manager can enter this information into the system as soon as it becomes known. Only the CHANGES are exploded through the system level-by-level; the entire plan would NOT be regenerated. REGENERATIVE MRP is best suited for fairly stable situations. 
· BACKFLUSHING: Is EXPLODING an end-item’s BOM periodically. To determine the quantities of the various components: That must have been used to make the item. 

MRP Outputs
· MRP Systems have the ability to provide management
· With a fairly broad range of outputs. In addition to MRP tables
· There are PRIMARY Reports. These are the main reports
· There are SECONDARY Reports. The “optional” outputs. 
· Primary Reports: Intermediate order releases, planned order releases, and changes are part of PRIMARY Reports. 
1. Immediate Order Releases: authorize the execution of week 1 planned-order releases. 
2. Planned-order Releases: Indicate the amount and timing of future orders
3. Changes to open-orders: Revisions to due dates and quantities
· Secondary Reports
1. PERFORMANCE-CONTROL Reports: Evaluate system operation
2. DEMAND HISTORY Reports: Useful in forecasting future inventory requirements. 

Other Considerations
· Safety Stock: In theory, inventory systems with DEPENDENT DEMAND should NOT require Safety Stock.  This is one of the main advantages of MRP. MRP deals with safety stock problems. The Manager’s first step: Identify activities or operations. 
· Lot Sizing: Determining a LOT SIZE is an important issue in INVENTORY MANAGEMENT. For Dependent AND Independent demand items. 
· For Independent EOQ or EPQ
· For dependent: a wider variety of models is used. 
· Fixed-Interval Ordering: This type of ordering provides. Coverage for some pre-determined number of periods. Sometimes arbitrary. Sometimes based on historical demand. 
· PART-PERIOD Method: A better way. This method, like EOQ. Attempts to balance ordering and holding (or carrying) costs. 

Capacity Requirements Planning
· The process of determining SHORT-TERM capacity requirements of MRP. The inputs to CRP are:
· Planned-order releases of MRP
· The current SHOP LOAD
· Routing information
· Job times
· The OUTPUT of CRP: LOAD REPORTS for each work centre. 

MRP II
· MRP  II  is a closed-loop MRP
· This means that it involves the whole production planning process starting with sales and operations planning. 

Enterprise Resource Planning (ERP)
· ERP software consists of many enterprise software modules that are individually purchased, based on what best meets the specific needs and technical capabilities of the organization.
· Each ERP module is focused on one area of business processes, such as product development or marketing. 
· Some of the more common ERP modules include those for product planning, material purchasing, inventory control, distribution, accounting, marketing, finance and HR. 


Chapter 15 (Just-in-Time and Lean Production)
Introduction
· Just in Time: Production system in which processing and movement of parts/modules/work-in-process occur just as they are needed. Usually in small batches. 
· The result is a system with few idle items waiting to be processed and a balanced rapid flow. 
· Lean Production: JIT in a broad sense is a philosophy of waste reduction and continuous improvement. 
· M.R.P. relies on a computer-based Component scheduling system (daily or weekly time-periods). M.R.P. controls the work centre capacities. 
· JIT relies on visual signals to trigger and “pull” production and deliveries through the process. J.I.T. controls the inventories (through KANBAN). 

Goals: JIT/Lean Production
1. A balanced rapid flow of a family of products is a smooth even and swift flow of materials, information, or work through the steps of the production process. 
2. Elimination of Disruptions: Disruptions upset the smooth flow and cause variability, caused by a variety of factors such as poor quality, equipment breakdowns, schedule changes, late deliveries. 
3. System Flexibility: ROBUST enough to handle a VARIETY of products and changes in the level of output, while maintaining balance and through speed. Reducing machine set-up time will increase system flexibility. 
4. Elimination of Waste: Waste (“muda” in Japanese), represents unproductive resources. Eliminating waste can free-up resources and enhance production. 



· JIT/Lean Systems Wastes:
a) Overproduction
b) Unnecessary inventory
c) Waiting
d) Unnecessary transportation
e) Over-processing-complex instead of simpler processing
f) Inefficient work methods/excess motions
g) Producing defective products: scrap & rework
h) Underutilization of employee knowledge/skill. 
5. Continuous Improvement: Continual work to IMPROVE the system. 
· In operations:
· Reduce inventories
· Reduce set-up costs and time
· Improve QUALITY
· Increase OUTPUT RATE
· Cut WASTE and DISRUPTIONS
· Customer-related Processes:
· Order taking
· Product development processes such as QFD (Quality Function Deployment)
· Supply related issuing Purchase orders

Process Design
· A Balanced System: Workload is distributed evenly among work stations. TAKT time: the MAXIMUM time allowed at each workstation. 
· A FLEXIBLE System: Process design can increase PRODUCTION FLEXIBILITY. 1. Reduce changeover (setup) time, 2. Cross-Train workers so they can help others, 3. Use many small machines rather than a few large machines, 4. Use safety stocks, 5. Keep some idle capacity. 
· SMALL LOT SIZES: In the JIT/Lean system, the ideal lot size is ONE. May not be practical due to: minimum lot sizes, multiple products at the same time, very long setup times. Ideally reduce the lot size to be AS SMALL AS POSSIBLE. Small lot sizes provide a number of benefits: 1. WIP (work-in-process) is considerably less. 2) Lower holding costs, less space, less clutter. 3) Inspection: and rework costs are less. 4) Fewer items to inspect and rework. 
· Setup Time Reduction: Small lots and changing product mixes. Require frequent machine setups. Unless setups are quick and inexpensive, costs and time could be prohibitive. MULTIPURPOSE equipment can reduce setup times and costs. 
· Cellular Layout: Many JIT/Lean Systems have one or more cells. A “cell” contains the machines and tools needed to process a family of parts that have similar processing requirements. A CELL is: a highly specialized and efficient production centre. 
Conversion to a CELL requires:
· Determining a family of products
· Mapping the current process for the family of parts
· Determining the operations required. 
· Determining the capacity requirements
· Re-arranging the layout-usually a “U” shaped configuration
· Determining the capacity of the cell.
· Upgrading machines if capacity is inadequate
· Balancing the cell and determining labour requirements
· Determining the WIP required between the machines/work stations in the cell. 

· Process Quality: Because of LOW inventories in the JIT/Lean system, it is important to prevent defects from occurring, hence the importance of a CAPABLE PRODUCTION PROCESS. A poka-yoke is any mechanism that helps an equipment operator avoids mistakes. JIDOKA: quality at the source avoids passing defectives to the following workstation. Lights to signal problems. Set of 3 lights: GREEN light = no problems, AMBER = worker falling behind, RED = serious problem. 
· Standardized Processes: Include “customer-related” processes: Invoicing. Product development processes such as: standardization and modularity. Supply-related Processes: supplier qualification. Support Processes: capital budgeting. 
· [bookmark: _GoBack]Little Inventory: JIT/Lean Systems are designed to MINIMIZE Inventory. Inventory is considered a WASTE. Inventories are BUFFERS that tend to cover up recurring problem. Those are NEVER resolved: partly because they aren’t obvious and partly because the PRESENCE of inventory makes them seem LESS OBVIOUS. When a machine breaks down, it won’t disrupt the system, if there is sufficient inventory of the machine’s OUTPUT to feed into the next work station. 















 


