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3Ds:  Dirty, dangerous, difficult

3 Elements of Demand: The three drivers of Customer Satisfaction are Quality, Cost, and Delivery (QCD).

3 Gen Principle: The three principles are : 1) shop floor (gemba), 2) the actual product (gembutsu), 3) the facts (genjitsu). The key to successful  KAIZEN is to go to the floor, work with the actual product and get the real facts.
3P (Production Preparation Process) : The methods deployed in 3P are designed to build quality into our production system. The overarching goal of Production Preparation is to establish an appropriate production system to satisfy requirements of Production Design Quality for the Required Production Volume at the Target Cost by the Target Date. 3P should be considered as a strategy when New plants or products are to be introduced, or product design or Customer demand changes. A true grass-roots approach, the basic philosophy is to reverse the mindset we have been using for years in the ways we plan for production. In the traditional approach, our sequence of events went something like this : 1) Now that we know what we think the part is going to look like … What kinds of machines and equipment are we going to buy to make this part? 2) Next, what kind of tooling and fixtures are we going to design that will fit these machines and the parts? 3) and finally, how are we going to layout the work for the shopfloor? How is the work going to route through our shops? The 3P mentality directs us to look at the Process Flow first (assured quality), then to decide and explore what tooling will accommodate ease of operation and flow, and lastly, what is the right-sized machine to accommodate this tooling that accommodates our established FLOW PROCESS. Production preparation events are very creative gatherings that seek to change and even innovate our processing mentality. The Central Lean Office has expertise in conducting 3P training and facilitating 3P events if you have an application where you think Production preparation would be helpful. 
3 Principles of JIT: TAKT Time, FLOW Production, and the downstream PULL System.

5M of Production:  Man, Machine, Material, Method, Measure. Understanding of these factors and the establishment of  standards are key steps in strengthening the production processes.
5S (go esu):  The Five points of workplace organization and maintenance. They are: Seiri - Sifting to  segregate and discard; Seiton - Sorting the needed items into arranged and clearly identified locations; Seisou - Sweeping and washing, to clean and inspect daily; Seiketsu - Spick and span, to revisit the first  three  S’s frequently; Shitsuke - Discipline, building good habits and motivating to sustain improvements. Many firms have also added a 6th S “Safety” - but purist have always advocated that safety is considered in everything and therefore a 6th “S” is not necessary.  
5Whys and 1 H ( go kai no naze ) : The Five “Whys” is the root cause analysis method of asking WHY? At least five times, and was pioneered by Taichi Ohno as a tool to get the shopfloor operators involved in improvement activities. Ohno would instruct his salarymen to ask the questions and ignore their own concepts of the answer … then when the fifth why had been answered, his people were instructed to ask the operator “How would you change this to improve it”. Ohno was a great believer in the wisdom of the shopfloor and it’s operators, and would often assign his engineers the task of “Watching until you 
can see”.

7 FLOWS : Man, Machine, Information, Engineering (& Tools), Raw Material, Work-In-Process, and Finished Goods Inventory. “All problems can be solved by looking at and understanding the 7 FLOWS” – Nakao
7 Tools of QC : Data gathering and analysis tools used for  KAIZEN  activities originally by QC Circles. They are Flow Charts, histograms, Pareto diagrams, scatter diagrams, cause and effect diagrams (fishbone charts), control charts, and check sheets.
7 Types of Waste : These types of waste are used to describe all wasteful activity in a production environment. No more, no less. Anything that does not add value is considered waste (muda). Elimination of the 7 wastes leads to improved profits. The 7 wastes are : Overproduction, Transportation, Unnecessary Motion, Waiting, Unnecessary Processing, Excess Inventory and Defects.
Abnormality Management (Ijo-kanri) :The goal of standardization and visual management is ijo-kanri, allowing the manager or supervisor to monitor abnormal conditions in order to take quick action to correct them. Continuous waste elimination and problem solving through KAIZEN  are only possible when the normal conditions are the standard and abnormalities are clearly visible. 
Action Workout:  (Kaizen) 3-5 day team based activity focused on quickly solving problems through physical simulation and evaluation.
Andon : A tool of visual management, originating from the Japanese word for “lamp”. A visual device (light) or pin-pan-pon that operators use to call attention to an abnormality. The use of this is to request immediate attention and action to the problem. Lights placed on a machine or on a FLOW line to indicate operation status. Commonly color-coded green ( normal operations ), yellow ( changeover or other planned stop), and red ( abnormal - machine down ). Andons are often combined with an audible signal such as music or an alarm. 
Anthropometry : A metric commonly tied to the study of the body motions involved in a worker performing a task (ergonomics)

Automation : The use of machines working independently of human intervention and control.

Autonomation (jidou ka): The process of separating the work of man and machine/system characterized by: work not movement; quality built into the process; and visual management. The concept of adding an element of human judgement to automated equipment. In doing this, the equipment becomes capable of discriminating against unacceptable quality, and the automated process becomes more reliable. The Japanese kanji characters for jidou ka are a kind of pun on another word in Japanese also pronounced the same but written with a different middle character and meaning simply “automation”. Thus the English word Autonomation (or “autonomous operation) was coined to convey the meaning of “automation with a human element”, because the middle kanji for dou in Jidou ka includes a character representing a human being.
Auto Time : The time when a machine is running on auto cycle and a person is not needed to operate the machine. Commonly used for CNC/NC machine cycles, oven cycles, wash cycles, etc. 
Balanced plant:  A plant where all available capacity is balanced exactly to market demand. 

Batch and Queue Processing - ( rotto seisan ): The traditional manufacturing approach of processing  products in large, economically logical amounts that supposes to keep assets producing at higher capacity. Normally justified by engineers as the best way to amortize machine down-times over a greater population of parts. This approach builds delays into the process. No items can move on to the next process until all items in a lot have been processed. The larger the lot, the longer the items sit and wait between processes. The opposite of One-piece flow, B&Q Processing can be abolished using the tools of SMED and developing “right-sized” machines for one-at-a-time processing. 
Bottleneck (nekku) : Any activity or process that limits flow or capacity.

Cell - One of the more optimal physical layouts of machines and manpower for a product or family of products that are process, geometry, or operation similar.
Cellular Manufacturing : Cells are formed by grouping equipment in a process sequence by following the 3 Principles of JIT. Often, cellular manufacturing has not taken into account waste elimination or Standard Work principles, and therefore greater efficiencies have not been gained. Operators remain within the cell and materials are presented to them from outside.
Chaku-chaku line (chaku chaku rain) : A production line where the only human activity is to ‘chaku’ or ‘load’ the machines. The machines eject the finished parts automatically using a hanedashi  device. A method of conducting single-piece flow in which the operator proceeds from machine/system to machine/system (in a counter-clockwise fashion), taking a part from the previous operation and loading it in the next machine/system. Then taking the part just removed from that machine/system, checking it and loading it into the following machine/system, etc. This allows the operator to smoothly flow work and product through the production line without the waste of unnecessary motion.
Change Agent : The catalytic force moving firms and value streams out of the world of inward-looking batch and queue methods and into out-reaching methods of Just-in-Time production. A person whose demonstrated mission is to move from the „now state”, or batch and queue, to the „future ideal state”. One who leads cultural change in an organization. 
Constraint:  A workstation or a process that limits the output of the entire system.

Continuous improvement:  The commitment to creating a better product, work environment and business, every day. 
Continuous FLOW Processing ( koutei no nagare ka ): Producing goods in a One-piece-at-a-time production method in order to eliminate the stagnation of work in and between processing steps, reducing lead time to meet customer requirements while using minimum resources. 
Counter-clockwise Flow : A basic principle of Lean Production cell layout is that the flow of material and motion of people should be from right to left, or counter-clockwise. The origin of this idea came from the design of lathes and machine tools with the chuck facing right, making it easier for right-handed people to load parts from the right.
Cycle Time (saikuru taimu): Manufacturing cycle time is often confused with production lead time. Cycle time is the time it takes to do one repetition of any particular task. Cycle time can be categorized into 1) manual cycle time, 2) machine cycle time, 3) auto cycle time. 
D P U (defect per unit): The number of defects per unit. A metric commonly tied to the quality measurement of shipped units and common to SixSigma.

Elements of Work - The elements of work are : 1) value-added work , 2) nonvalue-added work , and 3) waste. A thorough understanding of the elements of work is a key first step in the journey to becoming Lean.
Ergonomics : The study of the body motions involved in a worker performing a task. Ergonomic impact of the workplace should always be included in improvement goals and considered upon the implementation of any changes to the work environment.
Excess W I P (hamidashi hin): Any amount of work in process inventory in excess of the Standard W I P. When normal operating conditions in a FLOW cell / line have established the standard number of pieces of WIP required to keep the line producing at TAKT time, each additional piece of excess inventory will cost the cell / line one TAKT time’s worth of lead time. All batch and queue operations are loaded with Excess W I P, and should be attacked to encourage and facilitate Lean FLOW.
Express Train : The activity of following 1 specific part through a cell using continuous flow without queue time. Aka: Theoretical Lead Time. Express Trains are often used in Japanese manufacturing firms as a way to uncover defect producing operations and opportunities for further improvement.
First-in, First Out (FIFO) : A system of keeping track of the order in which information or products need to be processed. The goal of FIFO is to prevent earlier orders from being delayed unfairly in favor of newer orders.
FLOW  Production (ikko nagare): One of the elements of JIT Production, flow production is defined as moving the product and / or information from one value-added step to the next continuously. Also often referred to a One-Piece Flow. For example, an assembly is moving down a line while a person is performing work. This person acts as a conveyor carrying a part to the next machine in a Chaku-Chaku fashion. The main purpose of flow is to identify and eliminate waste quickly and continuously. 
Frequent Conveyance (takai umpan): The inventory reduction method of increasing the delivery frequency of parts, such as from outside vendors, while reducing the quantity of those deliveries. This can only be accomplished however, if you have given level production requirements to your supply base; and are operating on the 3 principles of JIT. Frequent conveyance means increasing the delivery frequency of parts, such as parts from outside vendors, in order to keep the inventory to minimum. 
Gemba : Japanese for ‘actual place’ or ‘the place where it happens’. In manufacturing, the gemba is the shop floor, where all value is created.

Gembutsu : Japanese for ‘actual thing’ or ‘actual product’. The tools, materials, machines, parts, and fixtures that both add value and cause problems are your gembutsu. 
Genjitsu :  Japanese for ‘the facts’ or ‘the truth’. The actual facts or the reality of what is happening on the shopfloor and in the business.

Hands-off (tebanare): The goal of tebanare is to inexpensively automate manual machines to allow people to do work that is more valuable that only a person can do.
Hanedashi :  Auto-eject devices that unload a work-piece from a machine once the cycle is complete. This allows the operators to go from one machine to the next, picking up and loading parts into the next machine or operation. Hanedashi  is a key component of chaku - chaku lines.
Heijunka : A foundation of the Toyota Production System, heijunka is the leveling or smoothing out of the production schedule by averaging out both the volume and model mix of products. Production leveling allows a consistent workflow, which makes it possible to set standards and identify abnormalities.
Information Flow : The most often overlooked but most important element of the 7 FLOWS : the analysis of the information and communication methods required to take a specific product or service from order entry through detailed scheduling to actual delivery of the product to the customer. This can also include feedback loops that measure customer satisfaction. 
Inspection : The action of comparing a product / component  or service against specifications to determine if such product or service meets those requirements. In Lean Manufacturing philosophy “Unnecessary Inspection is MUDA”… processes should be designed and methods devised that allows source inspection and correction to be completed as just another step in a processing operation. The basic mentality is that the detection of a defect after it has occurred is unacceptable. The ultimate crime in Lean operations is to pass a known defect downstream … and criminals should be arrested, tried and executed on the spot.
Inventory : Many shop operations and operators / managers all too often have the misconception that inventory consists only of parts on the floor. Inventory should actually be defined and viewed as “the money the business has invested in purchasing the things it intends to sell at a profit”. Successful inventory management requires looking at inventory at each of it’s stages of transformation. Raw material (RAW)= the basic building blocks of profit production; transformation or value has not been added at this stage. Raw material is generally the lowest cost form of inventory investment , but also normally the highest quantity. Work-in-Process (WIP) = Once raw material has been introduced into the production environment, transformation  and value adding (as well as non - value adding) activities have begun. WIP Inventory is often the most costly form of inventory investment simply because it occurs throughout production operations and excessive amounts cause stagnation of flow and increase total product lead times. Finished Goods Inventory (FGI) = Now  the transformation activities are complete and this product meets ALL customer requirements.
Inventory Turns :  Frequency at which inventory investments are converted to delivered and paid for customer orders. Generally, Inventory turns = $ Output for the year / average $ value of inventory on hand. In Aircraft Engines, Inventory turnover is calculated as :
        


        ______            $ Value of 12 month’s output__________ 
                                                       Previous 13 month’s  Average $ Value of  Inventory 

Inventory turns of 60+ annually are not unheard of in Just-in-Time production environments due to the throughput velocity of Standard Work In Process and waste elimination.
Jidoka:  Machines/systems that have “human intelligence” built into them, giving them the ability to shut down automatically in the case of an abnormality to stop defective products from flowing into the next process. Jidoka measures are incorporated in the assembly process by use of Andons and Pin-Pan-Pon; stopping when abnormality is detected.
JIT (Just - in – Time) ( jasuto in taimu ) : Production methodology characterized by continuous one-piece-at-a-time flow production accomplished according to TAKT time, the pulling forward of inventory through signals generated by customer demand, and using the absolute minimum resources of man, material, and machines to make only what is needed - when it is needed. 
Kaiaku: The opposite of Kaizen. Radical improvement, usually in a business process, that affects the future value stream.

Kaizen (Kai – change, Zen – good):  Japanese for ‘change for the better’ or ‘improvement’. A methodology of continuous cost reduction, quality improvement, and delivery time reduction through shopfloor involvement and rapid action. It is generally practiced as a continuous series of activities where instances of waste (MUDA) are identified through real - time and place observation, and eliminated one by one at minimal cost. This is accomplished through teamwork between workers and managers to pool their wisdom and experience to increase efficiency in a timely manner. It normally emphasizes manual work operations rather than equipment capabilities. Kaizen breakthrough – a time-sensitive, rapid-deployment methodology that employs a focused, team-based approach. Continuous improvement.
Kanban: Japanese for ‘sign’. The kanban  system is a tool of the PULL System that signals to the production floor that the customer has ‘pulled’ or bought the product from the producer. Cards, carts, boxes, and electronic signals are examples of types of kanban in common usage. Squares that are painted on the floor to indicate storage areas are often mistakenly referred to as kanbans ; however without the element of acting as a visual instruction for when to produce (empty square), and when not to produce (full square), this cannot fulfill the pure definition of ‘sign’. In process kanbans are sometimes used as a method to balance material flow between otherwise unbalanced operation times. Kanban use in practice generally take two forms : 
1. Production instruction kanban - (shikake kanban) : What, where and when it is needed, and where parts are coming from and going to.

2. Parts withdrawal kanban - (hikitori kanban) : Supermarket or pantry of needed parts, work in process subassemblies, or finished goods inventory that are placed to visually communicate that the part has been consumed and what quantities need to be replaced by upstream processes.  
Kitting (tottara totta) : Material presentation methodology that groups all component parts used in a process / operation for ease of use.Commonly this is a specially designed rack with shadowed areas to indicate what parts in a kit have been pulled and consumed and what parts remain. This enhances the visual management to prevent confusion and missed parts in an operation as well as making any parts shortages immediately noticed.
Last-in , First-out (LIFO): The result of a typical material or information flow system without FIFO, resulting in earlier orders being perpetually delayed by new orders arriving on top of them. Also referred to as LIFO.
Lead time (ri-do taimu) : Production lead time, the time between acceptance of an order to the shipment of the finished product regardless of actual production time. The lead time includes actual cycle time, order processing time, and time lost due to the 7 Wastes of production. Lead times in traditional manufacturing shops tend to be in excess of 8 times the actual total product cycle time; this is one early indication of much MUDA. World Class manufacturing benchmarks are : Lead times exceed actual total product cycle times by no more than 10% - indicating that 90% of  actual production time is value added. 

Lean Event:  AWO event, Kaizen event.

Lean Manufacturing: This term has been credited as being first coined by James Womack as the preferred  manufacturing strategy to meet the Japanese threat of increased competition in the auto industry. The book titled „The Machine That Changed The World”  was authored by Womack, Jones and Roos; and presented to American Industry the results of a multi-year, in-depth global study of automobile production that was sponsored by MIT. The commonly accepted definition of Lean Manufacturing is: ‘To produce only what’s needed, only when it’s needed, using the absolute minimum resources’. Other accepted definitions include ‘A manufacturing philosophy that shortens the timeline between the customer order and the shipment by eliminating waste’ - JohnShook. The most important thing to remember about Lean Manufacturing is that it is a mindset, a philosophy - not a list of things to do. Lean is a never-ending journey of continuous improvement always in pursuit of perfection. 

Level Production:  Overall leveling in the production schedule of the variety and volume of items produced in a given time period. (see Heijunka)

Machine Capacity: Calculated as the number of pieces that can be produced through one machine for a given period of time.

Machine time (unten jikan ): The time from machine cycle start switch on, through processing, to the machine then returning to it’s original starting position, during which time there is no hands-on work by the operator. Machine time is one of the elements of documenting observed operations and Standard Work. Machine time can overlap with manual time if the machine requires an operators involvement during the processing (conventional machines, etc.).
Manual time: The hands-on time it takes for an operator to complete a specific task. Manual time is another key element in the documentation of observed operations and Standard Work.
Manufacturing Losses : Those costs resulting from scrap, rework, or repair of nonconforming material in the manufacturing cycle of production parts. Along with the re-inspection and incalculable costs of missed delivery, manufacturing losses fit the classic definition of absorbing resources but adding no value.
Material/information Presentation:  Introducing material/information to the line or cell in a manner that is easy and effective for the operator. Usually broken into 3 categories (1) items that are too large to kit (2) items that are too small to kit (3) items that lend themselves to be kitted. 

Mincing:  Mixing of products for central services (i.e. heat treat), OV, kits for components and assemblies.
Moonshine : This is a philosophy of process re-engineering that was introduced by the Shingijutsu Consulting Co. The basic mindset is to create new processing machines that are specific to only basic elements of production ( drill, cut, grind, etc.). Moonshine activities should be conducted in privacy (by the light of the moon), and initial efforts should utilize only what can be recycled from old machines or easily and cheaply procured. Like the moon-shiner constructs a still from readily available materials at low or no cost, so should the moon-shined machines be made. Once the moonshine still (machine) is producing some form  of income, incremental improvement and investment can be made. The key to moonshine development is to keep the mechanism as simple and cheap as possible. The benefit to moonshine development is to construct right-sized machines that are capable of performing only the process needed in a specific cell … nothing else. We often like to purchase the latest and greatest nineteen axis machine that has the capability to make anything when we really only need a drill that can drill the same single hole, over and over, meeting only that specific requirement. Another benefit to moonshine developed machines are the low cost makes them easy and inexpensive to replace or move to utilize in new cells when production demands change. 

Muda : Japanese for ‘waste’; more specifically ‘waste in manufacturing’. Any activity that absorbs resources and adds no value is considered MUDA. Elimination of the MUDA that is inherent in ALL production and office processes leads to improved profitability. These waste elements include waiting, transporting, over production, excess motion, inventory defects, and human touches.  
Mura : Variations in process quality, cost and delivery.

Multi-Machine handling (tadai mochi ) : One shop worker operating two or more machines that are grouped in a  cell. Commonly referred to as : One-up - One-down Operations; meaning the operator can accomplish not only his task but the preceding task and the task following his normal task. 
Multi-Process handling (takoutei mochi): One shop worker performing more than one processing task (which may or may not include machines).

Multi-Skill Development (tanou kou ka): Broadening a worker’s skills so that the worker can operate multiple types of equipment and processes in order to facilitate cellular production in a one-piece flow. Many production operations management practices have included pay-for-skills type programs to give workers an incentive to become more flexible and therefore more valuable to the business.
Multi-Skilled Operator (tanou kou): Managing multi-skill development generally requires tracking the progress of cross-trained workers by using a Cross-Training Matrix or Skill Matrix. Depending on the needs of the production environment, the Multi-skilled operator is anyone who shows the proficiency to operate multiple processes and machines, has the ability to troubleshoot the operations and to train other operators. Ultimate manufacturing flexibility is fully dependent on this type or worker.
Nagara Switch (nagara suicchi): Specially designed switch that can be activated with the swipe of the operator’s hand to allow the operator to activate production machines while moving to the next operation. Like hanedashi, the ‘paddle switch’ is a key component in chaku chaku production lines. 
Nagara System (nagara michi): A production system  where seemingly unrelated tasks can be produced by the same operator simultaneously.

Non-conforming Material (furyou hin): A product that deviates from engineering or customer requirements or any other internal quality system requirement. A defective or discrepant item.
Non-value Added : Any activity (human,machine,process) that add no real value to the product or service that absorbs resources. The physical transformation of Raw material to Finished Goods Inventory is considered to be the only activity that adds true value. Any other activities are considered waste (MUDA).
One - Piece Flow (ikko nagare): One - piece flow production is a manufacturing method where parts are made one at a time and passed on to the next process with no waiting (queue) time in between processing steps. Among the benefits of One - Piece Flow are : 1) The quick detection of defects that prevent large batches of defective parts - and immediate feedback of quality issues to previous operations, 2) shortened lead times for products due to the elimination of excess WIP, 3) reduced material and inventory investment costs, and 4) design of equipment and workstations to minimal size. One -piece flow can also effectively be used as an identifier of inherent waste in production by forcing a product to follow a one-piece-at-a-time processing sequence (express train) in operations that have traditionally practiced batch and queue production methods, and then comparing the results.
One Touch Exchange of Die (OTED): One of the techniques of SMED that reduces the tooling exchange and machine set-up to a single step. Normally OTED is one of the more advanced methods of SMED that only occurs after many simpler Set-up reducing activities have been completed.
Open room effect : This common practice in Japanese offices and production environments involves taking down walls and other barriers and then laying out the work environment in one big ‘open room’. This saves space and improves communication and visual management between those performing related tasks and creates a sense of team work.
Pin-Pan-Pon:  A form of Andon that is auditory. Special sounds are designated to certain points on the line. e.g. A pin-pin-pin repeating sound may be associated with power supply installation, calling attention to it when an abnormality has been detected.PDCA : Also commonly referred to as the Deming Cycle; “Plan-Do-Check-Act’ is one basic principle followed to achieve effective problem solving during improvement activity.
Point Kaizen:  An improvement activity intensely directed at a single workstation, performed quickly by two or three specialists. Typically follows a full-blown kaizen event. 
Poka Yoke : Japanese for ‘goof-proof’. Mistake-proofing and fool-proof devises made by designing parts, processes, or procedures in a way that mistakes cannot physically or procedurally be allowed to happen. Commonly refers to the use of fail-safe devises in machine operations that detect or prevent defects and insure quality. This is the key ingredient that is added to automation to yield autonomation.
Policy Deployment (hoshin konri) : The selection of goals, projects to achieve the goals, designation of people and resources for project completion, and the establishment of project metrics. The key benefit to a good policy deployment method is the enhanced communications that invite input and participation of all affected parties and stakeholders. Expectations and requirements are well understood by everyone involved in and outside of participating teams. 
Process : Series of steps to achieve a desired result.
Process Capacity: Maximum amount of product that can be produced through a process for a given period of time.
Process Capacity Table : One of the three elements of Standard Work construction is a clearly documented understanding of ALL machine process capacities. The Process Capacity Table is designed to capture the significant data associated with machine operations through observation. This worksheet presents a vehicle to document manual and automatic operations as well as any set-up / tool changes that may be required. The most important data block on this sheet and in the computation of process capacity is TAKT time … can your machine capacity meet customer demand. Combined with the Standard Work Combination and Standard Work Sheet, the Standard Work Package is a simple and effective tool to understand the relationship between capability and demand.
Process Mapping : A technique of following and documenting the detailed Flow of a part or delivery of a service throughout the required cycle of steps to completion. The important data that should be included on any good process map would include : the processing steps in numerical order, the cycles for each step, the waiting or queue time between steps, the operator’s movement, and the Work in process inventory (including any retention areas). Process maps are a great way to understand the inherent waste of movement and transportation, and to present current - future views of a process for presentation purposes.
Process Quantity Analysis:  A study of the quantities demanded of different products produced at a work location. This picture of the volume and variety of products can be used to identify high impact areas to concentrate efforts or identify the need to use process razing to make products more similar.
Process Razing : Process razing is a technique of understanding current process conditions across a part family or process route, and then seeking ways to make the processing steps more common to accommodate flow. Most process razing projects result in a significant reduction in processing steps and the resources needed to complete those processing tasks. Following the directives established by a thorough router analysis, process razing is yet another effective tool in decision making for cell design.
Process Router Analysis : One of the foundational practices of understanding current production conditions is to complete the P-R Analysis. Normally preceded by a Product Quantity (P-Q) Analysis, the router analysis is the study of the process and machine operation sequence for a group or family of similar parts. Similarity of parts can be expanded to include materials used, size or geometry, or process similar / dissimilar. The P-R Analysis is helpful in understanding commonality in products or processes that will help define the cell design and ease the effort of implementation of continuous flow cell and flow-lines.
Product Quantity Analysis : As stated above, foundational practices should include the classic P-Q and P-R Analysis to more fully understand current production conditions. The P-Q Analysis is the study of the quantities of different products demanded from a work location. This graphic representation of the volume and variety of products establishes the type of production environment that currently exists. Is it high volume - low variety production or low volume - high variety production? The current production environment must be understood to enable appropriate cell design when potentially changing production philosophies. Common practices would direct us to establish dedicated one-piece production cells for the high volume - low variety families of parts; and establish more flexible and reactive cell designs for the low volume - high variety families. P-Q analysis can also be used as a tool to rationalize those ‘C’ or ‘D’ families that may have very low volume - very high variety. Perhaps these are parts that can be eliminated or left to other market forces to produce.
Production smoothing:  A method of production scheduling that, over a period of time, takes the fluctuation of customer demand out of manufacturing. Producing every part, every day.  
PULL System (atokoutei hikitori) : One of the three elements of JIT Production. In the PULL system, the downstream process takes the product they need and ‘pulls’ it from the producer. This ‘customer pull’ is a signal to the producer that the product is sold and now must be replaced with a newly produced product. This method of signaling production operations through the use of visual kanban methods must be linked like a chain throughout the entire value stream. The information to produce additional parts flows back through the process as the product flows forward toward the customer. The PULL system links accurate information with the process to reduce waiting times, in-process inventory and eliminates over-production.
PUSH System : In contrast to the PULL System, product is pushed into a process, regardless of whether it is demanded. The pushed product goes into inventory, and lacking a pull signal from the customer indicating that it has been sold, more of the same product will likely be ‘overproduced’ and put into inventory. This increases FGI and WIP inventory investment costs. 
Q C D : Quality, Cost, and Delivery are the three elements of demand. ALL Kaizen activity should be focused on improving QCD.
Quality : Meeting all expectations and requirements, stated and unstated of the customer.
Quality Function Deployment (QFD) : Using a cross-functional team to reach consensus that final engineering specifications of a product are in accord with the voice of the customer.
Queue Time : The accumulated time a part sits and waits to be processed. Queue time has been found in most industries to be fully 80% of total product lead time. Waiting is one of the seven types of waste and often is the easiest to identify and eliminate.
Quick Changeover : The ability to change tooling, fixtures and parts rapidly (usually minutes) to allow multiple products to be transformed on the same machine. Quick changeover ability is a key ingredient in manufacturing flexibility and should be a daily foundational exercise in all operation that are pursuing agility in operations excellence.
Quick Response Manufacturing : The ability to respond to market, changes in customer demand or product requirements while maintaining world class manufacturing standards.
Right - Sized  Machine : Matching the tooling and equipment to the specific job and space requirements of Lean Production. Many right - sized machines are the result of 3P and Moonshine efforts that focus on the essence of what machine function is needed to complete a single element of a processing step - bend, cut, drill, punch. Other right - sized machine examples include non - industrial designed machines used in an industrial setting. The key benefits to be considered in designing  right - sized machines are : flexibility and mobility, single purpose and ease of operation (one-touch), and truly placing creativity before capital (cheap).
Scrap : Any work in process or even finished good inventory which cannot be reworked or repaired to bring it back to the specified customer requirements. Scrap material utilizes resources but adds no value which = MUDA
Sensei : Japanese for ‘learned teacher’. An outside master or teacher who assists in implementing Lean practices and furthers understanding of the art of Kaizen.
Sequence of Operator Movement (sagyou tejun): The order in which an operator completes his work task. As stated above, this is an important element of Standard Work and can differ from sequence of processing in a multi-skilled work environment.
Sequence of Processing (junjo hyou): The order in which a part or product is produced. In the practice of cell design and process mapping, the sequence of processing can differ from the sequence of operator movement in a multi-skilled work environment. This is a key element in understanding, constructing, and communicating Standard Work. 
Sequence of work: The order in which an operator performs a series of repetitive tasks.
Sequential Changeover : Also ‘sequential set-up’. When changeover times are within TAKT time, changeovers can be performed one after another in a flow line. Sequential changeover assures that the lost time for changing each process in a flow line is minimized to one TAKT ‘beat’. A set-up team or change-over expert follows the operator, so that by the time the operator has made one round of the flow line (at TAKT time), it has been completely changed over to the next product. 
Set - up  Time (dandori gae jikan): The manual time associated with changing the tooling, fixtures, programs, or operators that are needed to produce a different product. True definition for ‘set-up time’ should be thought of as: “From the time when the machine stops making the last good part until the time the machine stops making  the next good part of a different type.” This would include the machine cycle time up to the point that the next different part is verified to be a quality part. Set-up time is another very important element of Standard Work and Machine Process Capacity.Traditionally set-up times  have been treated as a constant value in most manufacturing engineering calculations that plan ‘economic lot sizes’; however,  very effective techniques have been developed and proven to reduce set-up / changeover times from days to minutes. (see SMED)  Set-up time should be divided and analyzed into it’s three sub-groups to be better understood.1) Adjustment (chousei) : Machine changeover steps that include centering, indexing, and other fine-tuning of any tooling or fixtures that have been changed prior to completing the first good part of a different type. This would also include the machine cycle time of running the first part of a different type if that part proves to be incorrect.2) External Set-up (soto dandori): Machine changeover steps that can be performed while the machine is processing parts or off -line from production time. In the calculation of Standard Work, external set-up time, manual time, and machine time overlap.3) Internal Set-up (uchi dandori): Machine changeover steps that can only be accomplished while the machine is stopped during regular production time. An example of internal set-up time would be the time it takes to replace the drill on a spindle. Traditional Set-up and changeover practices often treat  ALL changeover steps as internal; this of course creates many opportunities for reduction.
Shingijutsu Consulting Co. : Shingijutsu provides world wide consulting practices on manufacturing technology. The literal translation of ‘shingijutsu’ in English means ‘new technologies’. Originally formed by the late Yoshiki Iwata, current President Chihiro Nakao, and Akira Takenaka in 1987, all whom had worked for top-level manufacturing companies, and had personal relationships with Ohno and Shingo.
Six Sigma : A quality culture initiative originally introduced to the industrialized world by Motorola Corp and adopted by GE as a disciplined, methodical approach to achieve only 3.4 defects per million opportunities for a defect (SixSigma Quality).
SMED – Set Up Reduction (hito keta) : Single minute exchange of die. This is the name given to a series of techniques developed by Dr. Shigeo Shingo ( co-developer of Toyota Production System with Ohno;) that analyzes and seeks to reduce all the aspects of operator involvement in the set-up and changeover of machines. The simple steps of the SMED system are : 1) Observe and document ALL set-up and changeover activities, 2) Separate the external steps from the internal steps, 3) Convert internal steps to external steps, 4) Streamline ALL external and internal steps. Most production managers are quick to see the benefits of increased up-time and productivity from machines that have experienced the results of good set-up reduction routines, however, the greatest benefit to quick changeover is the manufacturing flexibility and enhanced response time that allows the production of smaller lot, larger variety runs on the same machine. 
SPC:  Statistical Process Control: analysis of variation in a process.

Standard Operations : The most efficient combination of people, machines, and materials required to accomplish production in such a way as to minimize waste. The three elements of Standard Operations are: 1) TAKT time, 2) standard work sequence, and 3) standard work in process. The definitive demonstration of achieving Standard Operations can only be supported by the establishment and  communication of Standard Work Sheets, Standard Work Combination Sheets, and Standard Work in Process inventory levels. 
Standard WIP:  Minimum (and standardized) amount of work in process required to perform repetitive operations economically.
Standard Work - (hyoujun sagyou) : Specifying tasks to the best way to get the job done in the amount of time available while ensuring the job is done right the first time, every time. Operation Method Sheets and illustrated work instructions are often a tool of Standard Work.
Standard Work Combination Sheet - (hyoujun sagyou kumiawase hyou) : A standardized form that clarifies how much time is spent to complete manual, machine, and travel activities at each production process. The Standard Work Combination sheet is used to examine and document the range of activities that can be accomplished  by one worker within a TAKT time. 

Standard Work Sheet (hyoujun sagyou hyou): The Standard Work Sheet is used in conjunction with the Standard Work Combination sheet and the Process Capacity Table to complete the Standard Work Package. The Standard Work Sheet is used to outline and clarify the sequence of production processes and the sequence of operation for the workers in a cell. It is also used to examine and document the flow of people and materials and to illustrate the locations of Standard WIP. Quality checks and Safety precautions are also symbolized on this sheet using standard icons. Where the Standard Work Combination Sheet expresses flow in the dimension of time, the Standard Work Sheet expresses flow in the dimension of space.
Standard Work Combination Sheet:  A table that clarifies how much time is spent doing manual work and traveling at each production process.  It is used to examine the range of processes that one worker can take care of within Takt time and the amount of time during which machines/systems are operated automatically.  These are recorded to help determine what combination of operations are possible.
Stop-the-line Authority: When workers are empowered to stop the flow-line to indicate a problem, this is stop-the-line authority. The production line or machine remains stopped until the supervisor, manager, engineer, maintenance personnel, or other support staff have identified the problem and taken corrective action. Each line stoppage should be recorded in a log and root causes should be analyzed to ensure it is not a recurring problem.
Suggestion Systems: In a suggestion system workers are encouraged to identify wastes, safety, and environmental / ergonomic concerns and submit improvement ideas formally. Rewards are given for suggestions resulting in cost savings. These rewards are typically shared among the production line or the kaizen team.
Supermarket (supa  ma ketto): When Taichi Ohno first visited the US in the early 1950’s, he was very impressed with the availability and variety of items available at the local supermarket. It is written in „Against  All Odds” that this impression served as  the inspiration of the Just-in-Time system that Ohno and Shingo developed at Toyota. In Lean Manufacturing environments a supermarket is typically located at the end of a production line (or the entrance of a u-shaped cell). In a supermarket, a fixed amount of raw material, work in process, or finished material is kept. The supermarket is a tool of the PULL system that helps signal demand for a product. A visual system that has a predetermined amount of inventory and all facets of 5s in order to detect abnormalities.  With this system, the shopper from the downstream process can “buy” from the supermarket. Once the purchase has been made, and material/information consumed, a signal can be sent to the upstream process to supply more. (see pull)
Synchronous Manufacturing: This is simply an ‘Americanized’ term that means basically the same as Just-in-Time. All resources and materials to manufacture products to fulfill customer demand are available just-in-time with near zero on-hand inventories.
TAKT  Time (takuto taimu): TAKT is actually a German word for ‘beat’ or ‘rhythm’. TAKT time is the pace at which the customer is buying a particular product or service. TAKT time is calculated by taking the available time to work and dividing it by the demand for that same period of time. TAKT time is not how long it takes to perform a task. TAKT time cannot be reduced or increased except by changes in sales or available time to work. All cycle times must be within TAKT time for customer demand to be met. TAKT time is one of the three elements of Just-in-Time.
Theory of Constraints:  ToC is a Lean Management philosophy that stresses the removal of constraints to increase throughput while decreasing inventory and reducing operating expenses.
Throughput  Velocity : A basic calculation that gives a quick and simple indication of flow line or cell efficiency by relating the total output (# of items shipped) over a specific period of time to the WIP Inventory level that was required in the cell to produce that output. Throughput velocity calculations are very convincing in making comparisons between traditional batch and queue types of production methods and one piece flow cells / lines. It is also often used as a metric to illustrate comparative results in JIT and Flow line simulations. 



# of parts shipped  /  Time period     




           Total    WIP  Inventory

Total Productive Maintenance (TPM) (ti - pi - emu): Total Productive Maintenance aims at maximizing overall equipment effectiveness and uptime throughout the entire life of the equipment. Unlike periodic or scheduled maintenance, which involves the manager and maintenance personnel for an area; TPM is a team based approach that includes operators, maintenance personnel, and area management working together to ensure that machines are performing at higher efficiencies. Manager’s roles are to support and ensure success of TPM efforts; maintenance roles are to refurbish and improve machines along with regular scheduled maintenance routines, and operators are involved in simple, regular tasks such as daily cleaning, checking and oiling the machine.
Toyota Production System (TPS) (ti - pi - esu): The Toyota Production System is considered by many as the benchmark for World Class Production methodology. TPS includes all the systems, methods, and techniques that are commonly referred to in any Lean Manufacturing discussion. Established and developed by Ohno and Shingo, TPS is the result of Japan’s attempts to compete in the Global marketplace with only minimal resources available. 
Travel Time:  The time is takes a worker to move to the next station to pick up or put down parts, tools, etc.  May occur during operations as well.

Value Stream:  The specific activities required to design, order, and provide a product from concept to launch – order to delivery – raw materials to finished goods.
Value Stream Mapping:  The process of detailing the process of converting raw material to finished goods.  This is typically mapped with the 7 flows (info, people, equipment, raw material, sub-assembly, assembly, engineering/IT) one at a time, or in a combination. The set of specific actions required to bring a specific product through the three critical mgt tasks of any business : Problem solving, Information management, and physical transformation. The following definition is from the experts. A Value Stream is all  the actions (both value added and non value added) currently required to bring a product through the main flows essential to every product :

 1) the production flow from raw material into the arms of the customer

2) the design flow from concept to launch.

Taking a value stream perspective means working on the BIG picture, not just the individual processes, and improving the whole, not  just optimizing the parts. 
Vertical Handling : When machines or operations are integrated into a production line in such a way that the material progresses through the process towards completion. Also often referred to as Vertical Integration.
Visual Controls : Various tools of visual management such as colour coding, charts, andons, schedule boards, labels, and visual flow lines or production cells. All these tools are used to display the status (normal - abnormal) of an activity so every employee can see it and take appropriate action quickly. 
Visual Management:  Refers to the means by which anyone can tell at a glance if production activities are proceeding normally or not. A communication, discipline and pacing tool. When the normal and abnormal state of production operations can be clearly and visually defined, Visual Management is possible. In visual management, simple tools are used to identify the target state, and any deviance is met swiftly with corrective action. 

Waiting Time : The time that a worker is idle with no manual operations needed or available. One of the elements to document when doing  work observations for the construction of Standard Work routines.
Waterspider (mi zu su mashi): The waterspider is a multi-skilled and well trained person who makes the rounds supplying parts, assisting with changeover, providing tools and materials, and any additional help needed. The waterspider has a routine and knows all the processes of the production operations thoroughly enough to step into any work position if needed. At Toyota, performing the waterspider role is a prerequisite for management positions. Named after the whirligig beetle that swims about with great agility over water and land. 
WIP:  Work In Process; inventory of items that has been already started processing.

Work, Non-value added:  Rework, set-ups, inspection, repair processing, transportation, unnecessary work to complete of a product. Anything that isn’t directly changing the form fit or function of the part.

Work, Value Added:  Only necessary direct work to produce a product. Anything that the customer is willing to pay for.
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