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[bookmark: _GoBack]Just in Time and Lean Production 
Learning Objectives 
· Explain what is meant by the terms Just-in-Time and lean production 
· Explain the goal of lean production 
· Balance rapid flow 
· elimination of disruptions
· system flexibility;
· elimination of waste, 
· continuous improvement 
· Building blocks 
· Product design
· Product quality 
· DFM, DFA
· Process design 
· Balanced systems 
· Flexible systems 
· Small lot sizes 
· Set up reduction 
· Cellular layout 
· Process quality 
· Standardized process 
· Little inventory 
· Personnel/organizational elements
· Workers as assets 
· Leadership 
· Non-manufacturing support
· Planning control 
· Level loading 
· Pul system and kanban 
· Close supplier relationship 
· Preventive maintenance and housekeeping 
· Describe those aspects of product design that are important for lean production
· Poor quality can cause major disruptions
· Qualtify Function Deloyment (QFD) -- capture the voice of the customer 
· Concurrent engineering (increase functional communications reducing need for change)  
· Products should be designed for easy manufacturing and assembly (speed)
· Value analysis (identify the necessary functions of the product and to cut down product features)
· Describe those aspects of process design that are important for lean productions 
· A Balanced System	
· A Flexible System	
· Small Lot Sizes	
· Setup Time Reduction	
· Cellular Layout	
· Process Quality	
· Standardized Process	
· Little Inventory	
· Descrie those aspects of personnel/organizations that are important for lean production 
· Workers as Assets	
· Leadership	
· Non-Manufacturing Support	
· Describe those aspects of planning and control that are important for lean production, and solve typical problems for level mixed-model sequencing and determining the number of kanbans ata work centre 
· Level Loading
· Pull Systems and Kanban
· Close Supplier Relationships
· Preventive Maintenance and Housekeeping
· Example 
· Determine a level mixed model sequence if daily demand for a product (A= 7; B = 16; C = 5) 
· The due times are 
· A: 	1/14 = 0.071; 3/14 = 0.214; 7/14 =0.5; 9/14 = 0.642; 11/14 = 0.789; 13/14 = 0.929 
· B: 1/32 = 0.031; 3/32 = 0.094’ 5/32 = 1/56 ….. 
· C: 1/10 = 0.1; 3/10 = 0.3; 5/10 = 0.5…. 
· Now swquence the due times from smallest to largest 
· i.e. smallest is 1/31= 0.031 … 
· the level mixed model sequence 
· BABCBABBCBABBACBBABCBBBCBAB
· Explain how lean productions can be implemented
· Value stream mapping (exntension of process flow diagram) 
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[bookmark: _Toc405884037]Introduction 
· Just in time 
· Refers to a production system in which both the movement of work-in-process during production and deliveries of parts from suppliers are carefully timed so that at each setp of the process, the next batch arrives for processing just as the preceding batch is completed 
· The result is a system with few idle items waiting to be processed (i.e.: inventory) and a balanced, rapid flow 
· Big JIT 
· Philosophy of waste reduction, be it inventory or resources, and continuous improvement 
· Lean production 
· JIT in a broad sense, is a philosophy of waste reduction and continuous improvement 
· MRP relies on computer based compnents scheduling system to trigger and push production and deliveries through the process whereas JIT relies on visual signals to trigger and pull production and deliveries trough the process 
· Whereas, JIT relies on visual signls to trigger and pull rpduction and deliveries (usually hourly) through the process 
· MRP controls the work center capacities, JIT controls inventory 
· Overview of the goals and building blocks of JIT/lean systems 
· Ultamite goal: a balanced rapid flow 
· Suporting goals: elimination of disruptions, system flexibility; elimination of waste, continuous improvement 
· Building blocks 
· Product design
· Product quality 
· DFM, DFA
· Process design 
· Balanced systems 
· Flexible systems 
· Small lot sizes 
· Set up reduction 
· Cellular layout 
· Process quality 
· Standardized process 
· Little inventory 
· Personnel/organizational elements
· Workers as assets 
· Leadership 
· Non-manufacturing support
· Planning control 
· Level loading 
· Pul system and kanban 
· Close supplier relationship 
· Preventive maintenance and housekeeping 

[bookmark: _Toc405884038]Goals 
· Ideal JIT/lean production produces one piece at a time, defect-ree, on-demand, fast, without waste, in a safe production environment 

[bookmark: _Toc405884039]A Balanced Rapid Flow 
· Even, smooth, swift slow of materials, information and work through the steps of the production process 
· Balanced as the same interpretation as in the line balancing 
· The elimination of unevenness or overburden in excess of its optimate operating rate
·  A rapid flow can be achieved by following supporting goals 

[bookmark: _Toc405884040]Elimination of Disruptions 
· Disruption upset the flow and can be caused by a nuber of factors (the sourcs of which should be eliminated as much as possible)

[bookmark: _Toc405884041]System Flexibility 
· Flecible system is one which is robust enough to handle produt mix and changes in output while maintaining speed 
· Reductins in setup and lead tme will increase system flexibility which enables a system to met demand 

[bookmark: _Toc405884042]Elimination of Waste 
· Elimination of unproductive resources free up resources and enhance production; includes 
· Overproduction 
· Necessary inventory 
· Waiting 
· Unnecessary transportation 
· Overprocessing 
· Inefficient work methods 
· Producing defective products 
· Underutilization of employee knowledge/skill 

[bookmark: _Toc405884043]Continuous Improvement 
· Contunial work to improve the system 
· Operating example is reducing inventory 
· Applies to vustomer related proess: order-taking, product development … 
· Continual improvement (Kaizen) is based on the following tenets 
· Improvement should be done gradually and continuously 
· Everyone should be involved 
· It does not require spending great sums of money on tech, consltants 
· Can be applied anuwhere
· Involves learning by doing and using scientific thining 
· Relies on diret observation and data collection 
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· Poor quality can create major disruptions 
· Qualtify Function Deloyment (QFD) should be used to capture the voice of the customer and deploy it in the product. This would create value for the customers. 
· Concurrent engineering should be used to increase functional communications, reduce the need for engineering changes and special design process 
· Products should be designed for easy manufacturing and assembly which speeds up the operation 
· Value analysis may be used to identify the necessary functions of the product and to cut down product features 
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[bookmark: _Toc405884046]A Balanced System 
· Balanced system when workload is distributed equal among stations 
· Macimum time allowed at each station to complete its set of task is calledcycle time 
· Takt time 
· Maximum time allowed at each workstation to complete its set of tasks on a unit (aka: cycle time) 
· Procedure for obtaining takt time 
· Determine net time available per shift by subtracting any non-productive time from total shift time 
· If there is more than one shift per day, mulyiply the net time per shift by the number of shifts to obtain the net available time per day 
· Calculate takt time by dividing the net available time by demand during the day 
· Exaample 
· Given the following info, calculate takt time 
· Total time per shift is 480 minutes 
· There are two shifts per day
· There are 20 minute rest breaks 
· 30 minute lunch breaks 
· Daily demand is 80 units 
· Calculate net time available per shift 
· Total time: 480 minutes 
· Rest breaks: -40 minuts 
· Lunch -30 mnutes 
· Calculate net time available 
· 410 * 2 = 820 minutes per day 
· Calculate takt time 
· Net time avalible per day/daily demand = 820/80 = 10.25 minutes per unit 

[bookmark: _Toc405884047]A Flexible System
· Techniques 
· Reduce changeover (set up) time 
· Cross train workers to heklp with others facing over capccity 
· Use small machines rather than large machines 
· Use safety stock 
Keep some idle capacity 
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· The ideal lot size is one unit
· Objective is to reduce lot size as much as possible 
· Small lots yield number of benefits 
· Moving through the system, working in progress inventory is considerably less thereby reducing holding costs 
· Inspection and rework osts are less when probkems with quality occur 
· Result in greater flexibilitity allowing for better response to customer demands 
· Small lot sizes is not in conflict with EOQ
· JIT focuses on reducing setup time 

[bookmark: _Toc405884049]Setup Time Reduction 
· Reducing changing product mix times . Some tools or methods:
· Multi-purpose equipment 
· Group technologies 
· Separate internal setup activities and those which can be done in advance

[bookmark: _Toc405884050]Cellular Layout 
· Most JIT have cells containing machines and tools needed to process a family of parts that have similar processing requirements 
· Conversion to cell requires 
· Determining a product family 
· Mapping the current process for the family of products
· Determining the operations required
· Determining the capacity requirements 
· Rearranging the layout and bringing the necessary machines closer together, usually in a U-Shaped configuration
· Determining the capacity of the cell 
· Upgrading the machines if the capacity is inadequate 
· Balancing the cell and determining labour requirements 
· Determining WIP required between the machines/work stations in the cell
· Advantages 
· Faster throughput 
· Less materials handling 
· Reduced space requirements 
· Flexibility to increase/decrease capacity by adding and subtracting workers 
· Disadvantages 
· Machines may not fully utilized 
· Bringing various machines closer together may result in safety/ergonomic issues 

[bookmark: _Toc405884051]Process Quality 
· Important to prevent effects from occurring hence the importance of capable production process
· Six signma to reduce its variability 
· Poka-yoke 
· Any mechanism that helps an equipment operator avoid mistakes 
· Purpose to eliminate product defects by preventing, correcting or drawing attention to human errors 
· Eamples include an alarm that sounds if package weight is too low 
· Autonomation 
· Abnormal situations, the machine automatically stops and prevents production of a defective product 
· Jidoka 
· Quality at the source; avoid passing defective products to the following workstations and stop and fix the problem 
· Poka yoke and autonomation assist jidoka 
· Andom 
· Using lights to signal problems 
· Purpose is to enable to see problems that are occurring 

[bookmark: _Toc405884052]Standardized Process 
· Process includes customer-relatedprocess (i.e.: invoicing, product development (standardization, modularity) 
· We will focus on production process:
· Toyota production system has rigid rules for work, interaction, work flow and improvement process 
· Content, sequence, timing and output are fully specified 
· Training is done while doing the job and the manager asks questions to ake the employer think and learn the job b
· Every connetion of link (people-work interaction) is standardized and specific 
· It shows the people involved, the form and quantity, the way the request is made, and the time it should take to meet the request
· Improvement of all aspects is done by front-line worker with guidance from supervisor 
· Advantage 
· Provide consistency and repeatability and hence the system can be learned and constantly improved

[bookmark: _Toc405884053]Little Inventory 
· JOT is designed to minimize inventory
· Inventory acts as a buffer that thends to ocver up recurring probelsm that are never solved
· When a machine breaks down, it won’t disrupt the system 
· Better solution to investigate cause and focus on eliminating it 
· Analogy 
· Boat on a pond that has arge, hidden rocks 
· The rocks represent the problems which can hinder production (boat’s movement)
· The water in the pond covering the rock is the inventory in the system 
· The water level is lowered, these rocks from the water appear
· Effors are taken to remove these rocks from the water
· Onec that has been accomplished, the lower level of water is adequate
· One way to minimize inventory of raw materials in JIT is to deliver from supplier and fo directly to the production floor which would completely eliminate the need to store incoming parts and materias 
· At the other end of the process, completed units are shipped out as soon as they are ready
· Minimizing storage of finished goods 
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[bookmark: _Toc405884055]Workers as Assets 
· Fundamental tenant of JIT is that workers are assets 
· Well trained and motivated workers have high morals are important to JIT
· Large emphasis on education, training, coaching
· Employees are given authority to make decisions and are allowed to participate
· Workers contributions should be recognized and rewarded 
· Workers should be cross trained adding to flexibility 
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· Top management should take leadership during conversion for it requires a culture change
· Goals should be set to progress and importance should be communicated 
· Empoloyees should be both directed and encouraged to uses tools and techniques of HIT 

[bookmark: _Toc405884057]Non-Manufacturing Support 
· Support sales, marketing, HR, finance 
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[bookmark: _Toc405884059]Level Loading 
· JIT emphasis on achieving stable, level daily mized model schedule/sequence resulting in level capacity loading 
· When producing different products and mdoels, it is desirable to produce small ots and spread out production 
· Ideal case would be to produce one unit one one product 
· Simplist method for determining level model sequence 
· Determine a due time for each unit of product so that the units of the product or model are evenly distributed throughout the day
· Sequence the units of all products or models based on their due times 
· Due times 
· [image: ]
· In general, if daily demand is n for a product, due times will be 
· 1/2n * 3/2n * 5/2n* … 2n – 1/2n 
· Example 
· Determine a level mixed model sequence if daily demand for a product (A= 7; B = 16; C = 5) 
· The due times are 
· A: 	1/14 = 0.071; 3/14 = 0.214; 7/14 =0.5; 9/14 = 0.642; 11/14 = 0.789; 13/14 = 0.929 
· B: 1/32 = 0.031; 3/32 = 0.094’ 5/32 = 1/56 ….. 
· C: 1/10 = 0.1; 3/10 = 0.3; 5/10 = 0.5…. 
· Now swquence the due times from smallest to largest 
· i.e. smallest is 1/31= 0.031 … 
· the level mixed model sequence 
· BABCBABBCBABBACBBABCBBBCBAB
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· Push system 
· A bactch is started at a work center according to the production plan derived from MRP 
· When batch is finished at the work centre, the output is pushed to the next work cetner 
· Inventory will pile up at work centre
·  
· Pull system
· Control of moving the batch resets with the following operation: each work centre pulls the output from the preceeding work center are needed; output of the final operation is pulled by customer demand 
· JIT and lean use pull system 
· Communication moves backward
· Each work centre communicates its needed items to the preceeding work centre 
· The batch moves just in time for the next operation 
· Flow is coorniative and the accumulation of excessive inventories between operations is avoided 
· Buffer inventory decresases to a certain level signalling the preceeding work centre to produce enough output to replenish the buffer supply 
· Kanban cards (sign card) used when worker needs a batch, they use the card and in effect, the kanban card is the authorization to make a batch 
· One can calculate the ideal number of kanban cards for each item by 
· N = DT(1+x)/c 
· D is the average usage rate of work cenre
· T is average lead time for replenishment of one containers 
· X is policy variable set by mgmt that represents safety stocks 
· C is the capacity of the containters 
· Example: usage at a work center is 300 units of a specified part per day and the standard container holds 25 untis 
· It takes anaverage of 0.12 day from the time kanban card is posted til replensihmnet 
· Calculate the number of kanban cards
· Organize 
· D = 300 
· T – 0.12 
· C = 25 
· X = 0.20 
· Solve 
· 300(0.12) (1+0.2)/25 = 1.782; round to 2 containers 

[bookmark: _Toc405884061]Close Supplier Relationships 
· Goak 
· Buyer is able to certify a supplier as a reliable producer and, in effect, the supplier becomes an integrated part of the value change 
· Advantage 
· Suppliers nearby giving quick response, shortening lead time 
· Tiered approach 
· They use relatively few first tier suppliers and they are responsible for dealing with their own suppliers 

[bookmark: _Toc405884062]Preventive Maintenance and Housekeeping 
· Preventive maintenance 
· Keeping equipment in good operating condition and replacing parts that have a tendancy to fail before they fail 
· Housekeeping 
· Maintaining the workplace clean and free of unneseccary things 
· Sort 
· Set in order
· Shine
· Standardize 
· Sustain 
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· Tradition v. JIT/lean 
· Inventory
· Traditional: much, to offset late deliveries, etc 
· JIT: minimal necessary to operate 
· Deliveries 
· Traditional: few and large 
· JIT: many and small 
· Lot sizes 
· Traditional: large 
· JIT: small
· Setups and tuns 
· Traditional: few long runs
· JIT: many short runs
· Vendors
· Traditional: adversaries 
· JIT: partners 
· Workers 
· Traditional: replaceable
· JIT: asset 
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· Value stram map (VSM) displays process steps and materians and information flows used in the production of a family of products 
· Information flows control the operation and materials flow 
· VSM is an extended version of the process flow which includes the information flows and the times of activities 
· VSM may also show the process step (cycle time, change over time, up time percentage, capitcity or hours available, cycle length for production of every part/product 
· Team should capture 3 important attributes 
· Flow v stagnation 
· Push v pull 
· Level v erratic 
· Most critical feature of the value steam is usually throughput time 
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· JIT is a system of production in which proessing and movements of parts occur just as they are needed, in small batchs 
· It requires very little inventory beause successive operations are closely coordinated 
· Also calld lean production: 
· Philosophy of eliminating waste 
· Setup 
· Lead ties 
· Inventories 
· Continuous improvement 
· Goal of JIT are 
· Balanced rapid flow 
· Elimination of waste and disruption 
· Flexible system 
· Continuous improvement 
· Building blocks of HIT are various tools and methods used in 
· Product design 
· Process design 
· Personal and organization 
· Planning and control 
· Products shold be simple to make and assemble (DFM, DFA( 
· Concurrent enginnering and QFD shoud be used to enure a fast product design process and that the voice of the customer is reflected in product quality 
· JIT/lean system is balanced 
· One unit is produced every takt (cycle) time to meet demand
· It is flexible 
· Small production lot sizes are used in otder to reduce WIP, increase flexibility and facilitate defect detection 
· Setup times should be reduced to render small lot sizes economoical 
· Product families should be identified and produced in dedicated sells; reducing materials handlng and lead times 
· JIT requires the highest quality parts because of little safety stock 
· Jidoka (quality at the source) a defective item isn’t passed through qorkers stop and fix the problem 
· 5S of housekeeping 
· Sort 
· Set in order 
· Shine 
· Standardized 
· Sustain 
· Standardization, interaction and work flow are requiresd in order to learn and improve JIT 
· Raw materials and finished goods should be minimize 
· Workers should be empowered in part of continuous improvement and cross-trained for better flexibility 
· Top management should assign the necessary resources, communication importance and direct the JIT conversion process 
· Other funcitons of business should support manufacturing to become lean and they should initate waste reduction 
· To reduce inventories, production of various products should be levelled 
· Level loads are achieved by mixd model sequencing 
· Production is synchronizd to demand by using kanbans to pull the minimum amount of parts and materials through the manufacturing process and from supliers 
· There is a need to integrate operations with suppliers 
· The number of supplier should be reduced in order to establish close relationships and partnerships 
· Preventive maintenance is crucial for JIT because machine downtime may stop te whole plant production 
· 5S of housekeeping 
· Tool used in JIT is value stream map 
· Displays the process steps, materials, info flows used in production 
· Extended version of process flow diagram 
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· Andon 
· A set of lights used at each workstation to signal problems or slowdowns 
· Autonomation 
· Intelligent automation 
· If an abnormal situation arises, the machine automatically stops and prevent sproduction of defective products 
· Housekeeping 
· Maintaining the workplace clean and free of unnecessary things 
· Jikoda 
· Japanese term for quality at the source 
· Avoid pas sing defective products to the following workstations and stop and fix the problem
· Just-in-time 
· Production system in which processing and movement of parts occur just as they are needed, usually in small batches 
· Kanban
· Card that communicates demand for a batch of an item to the preceding work centre 
· Lean production 
· JIT in a broad sense, is a philosophy of waste reduction and continuous improvement 
· Poka-yoke 
· Any mechanism tht helps an equipment operator to avoid mstakes
· Its purpose is to eliminate product defects by preventing, correcting, or drawing attention to human
· Preventive maintenance 
· Keeping equipment in good working order and repacing parts that have a tendancy to fail before they fail 
· Pull system 
· Based directly on customers demand, a work centre puls items from the preceding work centre as they are needed 
· Push system 
· Based on MRP plan, a bath of items is made and directly pushed to the next work center as it is completed 
· Takt time 
· The maximum time allowed at each workstation to complete its set of tasks on a unit 
· Also called cycle time 
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