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Lean Six Sigma Green Belt Training & Certification Measure Phase Presented by Improve Consulting and Training Group, LLC



DMAIC Roadmap



Steps



Deliverables



Define



Measure



Improve



Control



• Problem defined and project chartered • Customer and business metrics (Ys) defined and validated



• Measurement system and sampling approach verified • Baseline capability and stability documented



• Data and process displayed • Critical root causes (Xs) verified and quantified



• Solutions addressing critical Xs identified • Risks minimized and solutions verified



• New process standardized and control system implemented • Project results documented and project closed



1. Determine the Business Case 2. Create a Project Charter 3. Map the Hi-Level Process 4. Translate the Voice of the Customer into CTQs (Ys)



5. Identify Potential Root Causes (Xs) 6. Develop a Data Collection Plan 7. Verify the Measurement System and Gather Data 8. Determine Baseline Capability and Stability



9. Visualize the Data and Identify Patterns 10. Visualize the Process and Identify Value 11. Verify and Quantify Critical Causes



12. Identify, Evaluate, and Select Potential Solutions 13. Mitigate Risk 14. Test or Pilot Solutions



15. Clarify Process Management and Monitoring Plan 16. Standardize Process and Prepare Participants 17. Implement Improvements 18. Document Key Results and Evaluate Project



Tollgate



Tollgate



Tollgate



Tools



Analyze



• • • • • • • • • • •



Charter SIPOC Voice of the customer Gemba Visits Process Mapping Fishbone Diagram Affinity Diagram CTQ Tree Kano Model Prioritization Matrix Benchmarking



Tollgate • • • • • • • • • • •



Brainstorming Gage R&R Study Sampling Plan Data Collection Plan Data Plots Control Charts Sigma/Yield Calculations FTY/RTY Calculations C&E Matrix Value Add Analysis Takt Time Analysis



• • • • • • • • •



Kanban Analysis 5 Whys Bar Chart, Pie Chart Dot Plot Probability Curve Scatter Plot Pareto Charts Hypothesis Tests Statistical Analysis Tools



• • • • • • •



Brain writing 6-3-5 Poke Yoke Affinity Diagram Solution Selection Matrix FMEA Communication Plan Training Plan



Tollgate • • • • • • • • • • •



5S Leading Metrics Lagging Metrics Control Charts Control Plan Visual management Change Management Standardized work Procedures Result Evaluation Leverage: Lessons Learned Documentation



Welcome to Measure



Process Discovery Six Sigma Statistics Measurement System Analysis Data Collection and Sampling



Process Capability Wrap Up & Action Items



MEASURE PHASE



Measure Phase 6. VERIFY THE MEASUREMENT SYSTEM



5. IDENTIFY POTENTIAL ROOT CAUSES (Xs) Y



8. DETERMINE BASELINE CAPABILITY AND STABILITY



7. DEVELOP A DATA COLLECTION PLAN AND GATHER DATA



Cpk=0.36 Yield=86.2% Process Sigma=2.6
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Measure - Overview In the second phase of the project, you want to collect data and determine the baseline/current process performance.



To have data that are meaningful and can be analyzed in the ANALYZE phase of the project you need to: – Decide which variables to include in data collection – Verify measurement system and sampling approach
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Y and X Variables The Y variables (output variables) are set in the Define phase – They may include primary and secondary project measures – Example: primary measure=cycle time, secondary measure=quality level; the project is about to reduce the cycle time but shouldn’t affect the quality level



The X variables (input or process variables) are brainstormed and prioritized in the Measure phase so that data can be collected for X and Y at the same time – X variables include inputs that are supplied from outside the process – X variables include process variables that are controlled within the process
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Identify Variables Steps to identify variables: 1. Increase the amount of potential causes (Xs) a. Brainstorming b. Fishbone Diagram



2. Reduce the variables to be included in the data collection a. Prioritization Matrix b. Multi-Voting c. Failure Modes & Effects Analysis (FMEA)
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Brainstorming Sequence: – Title the brainstorming – Set time – Conduct brainstorming involving all team members – Clarify questions and summarize ideas Brainstorming rules: – Visualize the ideas (use of flip chart, post-it notes etc.) – Don’t critique others’ points – It’s allowed to build on the ideas of others – Facilitate Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Tool Kit: Cause and Effect Diagram Cause and Effect Diagram
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Cause and Effect Diagram (aka Fish Bone) • • • •



A brainstorming tool that helps define and display major causes, sub causes and root causes that influence a process Visualize the potential relationship between causes which may be creating problems or defects A commonly used to solicit ideas by using categories to stimulate cause and effect relationship with a problem. It uses verbal inputs in a team environment. Primary Cause



Secondary Cause



Problem or Y (Effect)



Backbone



Root Cause Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Overview of Brainstorming Techniques  A commonly used to solicit ideas by using categories to stimulate cause and effect relationship with a problem.  It uses verbal inputs in a team environment. Cause and Effect Diagram People



Machine



Method



The Y The or Problem Problem Condition



The X’s (Causes)



l Material



Measurement



Environment
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Basic Elements of Root Cause Materials  Defective raw material  Wrong type for job  Lack of raw material Man Power  Inadequate capability  Lack of Knowledge  Lack of skill  Stress  Improper motivation



Machine / Equipment  Incorrect tool selection  Poor maintenance or design  Poor equipment or tool placement  Defective equipment or tool Environment  Orderly workplace  Job design or layout of work  Surfaces poorly maintained  Physical demands of the task
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Basic Elements of Root Cause (continued) Management • No or poor management involvement • Inattention to task • Task hazards not guarded properly • Other (horseplay, inattention....) • Stress demands • Lack of Process • Lack of Communication Methods • No or poor procedures • Practices are not the same as written procedures • Poor communication



Management system • Training or education lacking • Poor employee involvement • Poor recognition of hazard • Previously identified hazards were not eliminated
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Cause and Effect Diagram Cause and Effect Diagram People People



Machine Machine



Method Method



The Y The Problem



The X’s (Causes) Material l Material



– – – – – –



MeasurementEnvironment Environment



Products Measurement People Method Materials Equipment Environment



Categories



A commonly used tool to solicit ideas by using categories to stimulate cause and effect relationship with a problem. It uses verbal inputs in a team environment.



Categories for the legs of the diagram can use templates for products or transactional symptoms. Or you can select the categories by process step or what you deem appropriate for the situation.
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Classifying the X’s The Cause & Effect Diagram is simply a tool to generate opinions about possible causes for defects.



For each of the X’s identified in the Fishbone diagram classify them as follows: – Controllable – C (Knowledge) – Procedural – P (People, Systems) – Noise – N (External or Uncontrollable)



Think of procedural as a subset of controllable. Unfortunately, many procedures within a company are not well controlled and can cause the defect level to go up.



WHICH X’s CAUSE DEFECTS? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Getting to the Root Cause



THE 5 WHYS



Finding the Root Cause A key piece of equipment that has failed: 1. Why did the equipment fail? Because the circuit board burned out. 2. Why did the circuit board burn out? Because it overheated. 3. Why did it overheat? Because it wasn’t getting enough air.



4. Why was it not getting enough air? Because the filter wasn’t changed. 5. Why was the filter not changed? Because there was no preventive maintenance schedule to do so.



Potential Solution? Check for Solution impact or improvement sustainability? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Getting to An Alternative Solution A request for a budget increase of $200K 1. 2. 3. 4. 5.



Why? To buy new specialty monitors (on an annual basis). Why? Because we need new screens. Why? Because they are not bright enough. Why? Because they go dim after about 12 months. Why? Because they are beyond their maximum useful life.  start thinking: how do we extend their life, so ask one more why? 6. Why? Because they are left on longer than they should be. turn the monitors off when not in use to increase the life (can verify the hours inc with data) vs. increase the budget by $200k.



Okay, so it took 6 whys? The 5th would have still made you to think of alternative solutions. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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X-Y MATRIX



Definition of X-Y Matrix The X-Y Matrix is: – A tool used to identify/collate potential X’s and assess their relative impact on multiple Y’s (include all Y’s that are customer focused) – Based on the team’s collective “opinions” – Created for every project – Never completed – Updated whenever a parameter is changed



To summarize, the X-Y is a team-based prioritization tool for the potential X’s WARNING! This is not real data, this is organized brainstorming!! At the conclusion of the project, you may realize that the things you thought were critical are in fact not as important as was believed.
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The Vital Few A Six Sigma Belt does not just discover which X’s are important in a process (the vital few). – The team considers all possible X’s that can contribute or cause the problem observed. – The team uses 3 primary sources of X identification: • Process Mapping • Fishbone Analysis • Basic Data Analysis – Graphical and Statistical – A List of X’s is established and compiled. – The team then prioritizes which X’s it will explore first, and eliminates the “obvious” low impact X’s from further consideration.



The X-Y Matrix a Prioritization Tool. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Using the Classified X’s  Breakthrough requires dealing primarily with controllable X’s impacting the “Y”.  Use the controllable X’s from the Fishbone analysis to include in the X-Y Matrix.  The goal is to isolate the vital few X’s from the trivial many X’s. *Risk Priority Number
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Tool Kit: X-Y Matrix X-Y Matrix
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Example
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Failure Modes Effects Analysis (FMEA) Definition  A procedure and tools that help to identify possible failure modes of a process or product and to determine the effect of the failure modes on other sub-items and on the required function of the product or process.  The FMEA is also used to rank and prioritize the possible causes of failures as well as develop and implement preventative actions, with responsible persons assigned to carry out these actions.  Failure modes and effects analysis (FMEA) is a disciplined approach used to identify possible failures of a product or service and then determine the frequency and impact of the failure



We will cover in Detail in Analyze Phase
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Summary     



At this point, you should be able to: Create a high-level Process Map Create a Fishbone Diagram Create an X-Y Matrix Be Familiar with the term FMEA Describe the purpose of each tool and when it should be used
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Welcome to Measure Process Discovery Six Sigma Statistics Basic Statistics Descriptive Statistics Normal Distribution Assessing Normality Special Cause / Common Cause Graphing Techniques



Measurement System Analysis



Data Collection and Sampling Process Capability Wrap Up & Action Items



SIX SIGMA STATISTICS



Purpose of Basic Statistics  The purpose of Basic Statistics is to provide: – Numerical summary of the data being analyzed. • Data (n)  Factual information organized for analysis.  Numerical or other information represented in a form suitable for processing by computer  Values from scientific experiments – Basis for making inferences about the future. – Foundation for assessing process capability. – Common language to be used throughout an organization to describe processes.
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Statistical Notation – Cheat Sheet An individual value, an observation



Summation The Standard Deviation of sample data The Standard Deviation of population data The variance of sample data The variance of population data



A particular (1st) individual value For each, all, individual values The Mean, average of sample data The grand Mean, grand average



The range of data The Mean of population data The average range of data Multi-purpose notation, i.e. # of subgroups, # of classes



A proportion of sample data



A proportion of population data The absolute value of some term Greater than, less than



Greater than or equal to, less than or equal to
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Introduction to Statistics Measures of Central Tendency – Mean - the most common measure of central tendency. Also known as the Average. The sum of a set of data divided by the number of data – Median - when data is placed in ascending order it’s the midpoint of a distribution: the same number of scores are above the median as below it – Mode - the most frequently occurring value



Measures of Dispersion – Range - the difference between the largest and smallest values of a variable in the sample – Standard Deviation - the most common and useful measure because it is the average distance of each value from the mean – Variance - the square of the standard deviation Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Parameters vs. Statistics Population: All the items that have the “property of interest” under study. Frame: An identifiable subset of the population. Sample: A significantly smaller subset of the population used to make an inference.



Population



Sample Sample



Sample Population Parameters: Arithmetic descriptions of a population µ,  , P, 2, N



Sample Statistics: – Arithmetic descriptions of a sample – X-bar , s, p, s2, n
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Types of Data Attribute Data (Qualitative) – Is always binary, there are only two possible values (0, 1) • Yes, No • Go, No go • Pass/Fail



Variable Data (Quantitative) – Discrete (Count) Data: Can be categorized in a classification and is based on counts. – – –



Number of defects Number of defective units Number of customer returns



– Continuous Data: Can be measured on a continuum, it has decimal subdivisions that are meaningful – – – –



Money Pressure Conveyor Speed Material feed rate
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Discrete Variables Discrete Variable



Possible values for the variable



The number of defective needles in boxes of 100 diabetic syringes



0,1,2, …, 100



The number of individuals in groups of 30 with a Type A personality



0,1,2, …, 30



The number of surveys returned out of 300 mailed in a customer satisfaction study.



0,1,2, … 300



The number of employees in 100 having finished high school or obtained a GED



0,1,2, … 100



1,2,3, … The number of times you need to flip a coin before a head appears for the first time



(note, there is no upper limit because you might need to flip forever before the first head appears.
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Continuous Variables



Continuous Variable



Possible Values for the Variable



The length of prison time served for individuals convicted of first degree murder



All the real numbers between a and b, where a is the smallest amount of time served and b is the largest.



The household income for households with incomes less than or equal to $30,000



All the real numbers between a and $30,000, where a is the smallest household income in the population



The blood glucose reading for those individuals having glucose readings equal to or greater than 200



All real numbers between 200 and b, where b is the largest glucose reading in all such individuals
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Definitions of Scaled Data Understanding the nature of data and how to represent it can affect the types of statistical tests possible.  Nominal Scale – data consists of names, labels, or categories. Cannot be arranged in an ordering scheme. No arithmetic operations are performed for nominal data.  Ordinal Scale – data is arranged in some order, but differences between data values either cannot be determined or are meaningless.



 Interval Scale – data can be arranged in some order and for which differences in data values are meaningful. The data can be arranged in an ordering scheme and differences can be interpreted.  Ratio Scale – data that can be ranked and for which all arithmetic operations including division can be performed. (division by zero is of course excluded) Ratio level data has an absolute zero and a value of zero indicates a complete absence of the characteristic of interest.
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Nominal Scale Qualitative Variable



Possible nominal level data values for the variable



Blood Types



A, B, AB, O



State of Residence



Alabama, …, Wyoming



Country of Birth



United States, China, other
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Ordinal Scale



Qualitative Variable



Possible Ordinal level data values



Automobile Sizes



Subcompact, compact, intermediate, full size, luxury



Product rating



Poor, good, excellent



Baseball team classification



Class A, Class AA, Class AAA, Major League
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Interval Scale



Interval Variable



IQ scores of students in BlackBelt Training



Possible Scores 100… (the difference between scores is measurable and has meaning but a difference of 20 points between 100 and 120 does not indicate that one student is 1.2 times more intelligent )
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Ratio Scale



Ratio Variable



Possible Scores



Grams of fat consumed per adult in the United States



0… (If person A consumes 25 grams of fat and person B consumes 50 grams, we can say that person B consumes twice as much fat as person A. If a person C consumes zero grams of fat per day, we can say there is a complete absence of fat consumed on that day. Note that a ratio is interpretable and an absolute zero exists.)
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Graphical Tools - Overview Use the following tools to display relationships. Which graphical tools to use depends on the data types for the X and Y variables



X discrete



Y continuous



discrete



continuous



Bar Chart, Pie Chart, Pareto Chart



Histogram



Box Plot



Scatter Plot



Caution: Data relationships do not necessarily mean causation
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Measures of Location Mean is commonly referred to as the average. • The arithmetic balance point of a distribution of data. Sample



Histogram (with Normal Curve) of Data Mean StDev N



80 70



5.000 0.01007 200



Population



Frequency



60 50 40 30



Descriptive Statistics: Data



20 10 0



4.97



4.98



4.99



5.00 Data



5.01



5.02



Variable N N* Mean SE Mean StDev Minimum Q1 Median Q3 Data 200 0 4.9999 0.000712 0.0101 4.9700 4.9900 5.0000 5.0100 Variable Maximum Data 5.0200
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Measures of Location Median is the mid-point, or 50th percentile, of a distribution of data. – Arrange the data from low to high, or high to low. • It is the single middle value in the ordered list if there is an odd number of observations • It is the average of the two middle values in the ordered list if there are an even number of observations Histogram (with Normal Curve) of Data Mean StDev N



80 70



Frequency



60



5.000 0.01007 200



Descriptive Statistics: Data Variable N N* Mean SE Mean StDev Minimum Q1 Median Q3 Data 200 0 4.9999 0.000712 0.0101 4.9700 4.9900 5.0000 5.0100



50 40



Variable Maximum Data 5.0200



30 20 10 0



4.97



4.98



4.99



5.00



5.01



5.02



Data
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Measures of Location Mode is the most frequently occurring value in a distribution of data. Mode = 5



Histogram (with Normal Curve) of Data Mean StDev N



80 70



5.000 0.01007 200



Frequency



60 50 40 30 20 10 0



4.97
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5.00



5.01



5.02



Data
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The Mean may tell a tale, but variation tells the whole story On a particular island, the average height is 72 inches. However, this does of Individuals on the Island of Big People andheight. Little People notHeight represent everyone’s n=148



Stddev=48.30



20



Max=126.00 Min=18.00



18



16



Mode=19.0



Count of People



14 12 10 8 6 4 2



Mean=72.0 Median=72.0
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to



125.5 to



20.5



26.5



32.5



38.5



44.5



50.5



56.5



62.5



68.5



74.5



80.5



86.5



92.5



98.5



104.5



110.5



116.5



122.5



128.5



Height in Inches
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Measures of Variation



Range is the difference between the largest observation and the smallest observation in the data set. • A small range would indicate a small amount of variability and a large range a large amount of variability.



Use Range or Interquartile Range when the data distribution is Skewed.



Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



45



Measures of Variation Standard Deviation is a measure of how spread out numbers are. – A “unit of measure” for distances from the Mean Variance is standard deviation squared.



Sample
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Normal Distribution The Normal Distribution is the most recognized frequency distribution in statistics.



What are the characteristics of a Normal Distribution? – – – –



Central peak Decreasing frequency with distance from the central peak Symmetrical Total described by two values – mean and standard deviation Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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The Empirical Rule
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Why Assess Normality?  While many processes in nature behave according to the normal distribution, many processes in business, particularly in the areas of service and transactions, do not  There are many types of distributions:



 There are many statistical tools that assume Normal Distribution properties in their calculations.  So understanding just how “Normal” the data are will impact how we look at the data. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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If the Data Are Not Normal, Don’t Panic! • Normal Data are not common in the transactional world. • There are lots of meaningful statistical tools you can use to analyze your data (more on that later). • It just means you may have to think about your data in a slightly different way.



Don’t touch that button! Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Data Sources Data sources are suggested by many of the tools that have been covered so far:  Process Map  X-Y Matrix  Fishbone Diagrams  FMEA



Examples are:



Time • Shift • Day of the week • Week of the month • Season of the year Location/position • Facility • Region • Office Operator • Training • Experience • Skill • Adherence to procedures
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Isolating Special Causes from Common Causes Special Cause: Variation is caused by known factors that result in a nonrandom distribution of output. Also referred to as “Assignable Cause”. Common Cause: Variation caused by unknown factors resulting in a steady but random distribution of output around the average of the data. It is the variation left over after Special Cause variation has been removed and typically (not always) follows a Normal Distribution. If we know that the basic structure of the data should follow a Normal Distribution, but plots from our data shows otherwise; we know the data contain Special Causes.
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Introduction to Graphing The purpose of Graphing is to: – Identify potential relationships between variables. – Identify risk in meeting the critical needs of the Customer, Business and People. – Provide insight into the nature of the X’s which may or may not control Y. – Show the results of passive data collection.



In this section we will cover… • Histograms • Box Plots • Run Charts (Time Series Plots)
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Histogram  An estimate of the frequency distribution of a continuous variable.  It consists of tabular frequencies, shown as adjacent rectangles, erected over discrete intervals (bins), with an area equal to the frequency of the observations in the interval.  The height of a rectangle is also equal to the frequency (count) of the interval.
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Instructions to Create a Histogram in Excel 1. 2. 3. 4. 5.



Select Data Analysis Select Histogram and click OK. Enter the Input Range of the data you want Enter the Bin Range Choose whether you want the output in a new worksheet ply, or in a defined output range on the same spreadsheet. 6. Select your new data (Bin and Frequency) and create a new 2 D Clustered Bar Chart. Example: Create a Histogram in Excel using data in “Histogram.xlxs” Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Histogram Caveat Be careful not to determine Normality simply from a Histogram plot, if the sample size is low the data may not look very Normal. Histogram of H1_20, H2_20, H3_20, H4_20 98



Frequency
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Frequency Plots – Box Plot  The box contains 50% of all the data (from 1st to 3rd Quartile), “whiskers” include the full range of data* Boxplot of Load Time 16



Range 12



Load Time



Continuous data



14



10



Quartiles



8 6 4



Median



2



* except when more than 1.5 times the box size away, then marked as asterisk Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Box Plot  Box Plots summarize data about the shape, dispersion and center of the data and also help spot outliers.  Box Plots require that one of the variables, X or Y, be categorical or Discrete and the other be Continuous.  A minimum of 10 observations should be included in generating the Box Plot. Maximum Value



75th Percentile Middle 50% of Data



50th Percentile (Median) Mean 25th Percentile



min(1.5 x Interquartile Range or minimum value) Outliers Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Box Plot Anatomy *



Outlier Upper Limit: Q3+1.5(Q3-Q1) Upper Whisker Q3: 75th Percentile



Box



Median



Q2: Median 50th Percentile Q1: 25th Percentile Lower Whisker Lower Limit: Q1+1.5(Q3-Q1)
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Box Plot Examples Boxplot of Glucoselevel vs SubjectID



What can you tell about the data expressed in a Box Plots?



225 200



150 125 100



Cholesterol Levels



75 350
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4



5 SubjectID



6



7



8



9 300



Data



Glucoselevel
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250



200



150



100 2-Day
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Run Chart (Time Series Plot)  Time Series Plots allow you to examine data over time.  Depending on the shape and frequency of patterns in the plot, several X’s can be found as critical or eliminated.
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Summary At this point, you should be able to:



 Explain the various statistics used to express location and spread of data  Describe characteristics of a Normal Distribution  Explain Special Cause variation  Use data to generate various graphs and make interpretations based on their output Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Welcome to Measure



Process Discovery Six Sigma Statistics Measurement System Analysis Basics of MSA



Variables MSA Attribute MSA Data Collection and Sampling



Process Capability Wrap Up & Action Items



MEASUREMENT SYSTEM ANALYSIS



Introduction to MSA Process improvement should be data-driven. – Facts, not opinions – How do you know that the data you have used is accurate and precise? – How do know if a measurement is a repeatable and reproducible?



How good are these?



Measurement System Analysis or



MSA Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Measurement System Analysis MSA is a mathematical procedure to quantify variation introduced to a process or product by the act of measuring.



Reference



Item to be Measured



Measurement Operator



Measurement Process



Equipment



Procedure Environment
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Purpose of MSA  The purpose of MSA is to assess the variation or error due to measurement systems.



 The error can be partitioned into specific sources: – Precision • Repeatability - within an operator or piece of equipment • Reproducibility - operator to operator or attribute gage to attribute gage



– Accuracy • • • •



Stability - accuracy over time Linearity- accuracy throughout the measurement range Resolution Bias – Off-set from true value – Constant Bias – Variable Bias – typically seen with electronic equipment, amount of Bias changes with setting levels Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Poor Measures Poor Measures can result from: – Poor or non-existent operational definitions – Lack of understanding of the definitions – Inaccurate, insufficient or non-calibrated measurement devices



Measurement Error compromises decisions that affect: – – – –



Customers Producers Suppliers Process improvement teams Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Components of Variation Whenever you measure anything, the variation that you observe can be segmented into the following components…



Observed Variation Measurement System Error



Unit-to-unit (true) Variation Precision



Repeatability



Reproducibility



Accuracy



Stability



Bias



Linearity



 All measurement systems have error. If you don’t know how much of the variation you observe is contributed by your measurement system, you cannot make confident decisions.  If you were one speeding ticket away from losing your license, how fast would you be willing to drive in a school zone? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Repeatability Repeatability is the variation in measurements obtained with one measurement instrument used several times by one appraiser while measuring the identical characteristic on the same part. Y



Repeatability For example: Manufacturing: One person measures the purity of multiple samples of the same vial and gets different purity measures. Transactional: One person evaluates a contract multiple times (over a period of time) and makes different determinations of errors. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Reproducibility Reproducibility is the variation in the average of the measurements made by different appraisers using the same measuring instrument when measuring the identical characteristic on the same part. Reproducibility Y



Operator A Operator B



For example: Manufacturing: Different people perform purity test on samples from the same vial and get different results. Transactional: Different people evaluate the same contract and make different determinations. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Accuracy  An accurate measurement is the difference between the observed average of the measurement and a reference value. – When a metric or measurement system consistently over or under estimates the value of an attribute, it is said to be “inaccurate”



 Accuracy can be assessed in several ways: – Measurement of a known standard – Comparison with another known measurement method – Prediction of a theoretical value



 What happens if we don’t have standards, comparisons or theories? True Average



Warning, do not assume your metrology reference is gospel.



Accuracy



Measurement Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



71



Accuracy vs. Precision Accuracy relates to how close the average of the shots are to the Master or bull's-eye.



Precision relates to the spread of the shots or Variance. ACCURATE



+



PRECISE



=



BOTH



NEITHER
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Types of MSA’s  MSA’s fall into two categories: – Attribute – Variable Attribute – Pass/Fail – Go/No Go – Document Preparation – Surface imperfections – Customer Service Response



Variable – Continuous scale – Discrete scale – Critical dimensions – Pull strength – Warp



 Transactional projects typically have Attribute based measurement systems.  Manufacturing projects generally use Variable studies more often, but do use Attribute studies to a lesser degree. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Tool Kit: Gage R&R Gage R&R
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Gage R & R Study Gage R&R Study – Is a set of trials conducted to assess the Repeatability and Reproducibility of the measurement system. – Multiple people measure the same characteristic of the same set of multiple units multiple times (a crossed study) Example: 10 units are measured by 3 people. These units are then randomized and a second measure on each unit is taken.



A Blind Study is extremely desirable. – Best scenario: operator does not know the measurement is a part of a test – At minimum: operators should not know which of the test parts they are currently measuring. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Variable Gage R & R Steps Step 1: Call a team meeting and introduce the concepts of the Gage R&R Step 2: Select parts for the study across the range of interest – If the intent is to evaluate the measurement system throughout the process range, select parts throughout the range – If only a small improvement is being made to the process, the range of interest is now the improvement range



Step 3: Identify the inspectors or equipment you plan to use for the analysis – In the case of inspectors, explain the purpose of the analysis and that the inspection system is being evaluated not the people



Step 4: Calibrate the gage or gages for the study – Remember Linearity, Stability and Bias



Step 5: Have the first inspector measure all the samples once in random order Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Variable Gage R & R Steps (continued) Step 6: Have the second inspector measure all the samples in random order – Continue this process until all the operators have measured all the parts one time – This completes the first replicate



Step 7: Repeat steps 5 and 6 for the required number of replicates – Ensure there is always a delay between the first and second inspection



Step 8: Enter the data into software and analyze your results Step 9: Draw conclusions and make changes if necessary
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Graphical Output



Is Your Measurement System Analysis Adequate? Is Your Measurement System Analysis Adequate? 10 % - 30% = measurement system may be acceptable depending on application >30%= measurement system is unacceptable; address variation before proceeding



If the Variation due to Gage R & R is high, consider:  Procedures revision?  Gage update?  Operator issue?  Tolerance validation?
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Tool Kit: Attribute Gage R&R Attribute Gage R&R
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Attribute MSA A methodology used to assess Attribute Measurement Systems. Attribute Gage Error



Repeatability



Reproducibility



Calibration



 They are used in situations where a continuous measure cannot be obtained.  It requires a minimum of 5x as many samples as a continuous study.  Disagreements should be used to clarify operational definitions for the categories.  Attribute data are usually the result of human judgment (which category does this item belong in).  When categorizing items (good/bad; type of call; reason for leaving) you need a high degree of agreement on which way an item should be categorized. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



81



Attribute MSA Purpose The purpose of an Attribute MSA is: – To determine if all inspectors use the same criteria to determine “pass” from “fail”. – To assess your inspection standards against your customer’s requirements. – To determine how well inspectors are conforming to themselves. – To identify how inspectors are conforming to a “known master,” which includes: • How often operators ship defective product. • How often operators dispose of acceptable product. – Discover areas where: • Training is required. • Procedures must be developed. • Standards are not available. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



An Attribute MSA is similar in many ways to the continuous MSA, including the purposes. • Do you have any visual inspections in your processes? • In your experience, how effective have they been?
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How can we Improve Visual Inspection? Visual Inspection can be improved by: – Operator Training & Certification – Develop Visual Aids/Boundary Samples – Operational Definitions – Establish Evaluation Procedures • Evaluation of the same location on each part. • Each evaluation performed under the same lighting. • Ensure all evaluations are made with the same standard.
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Attribute: Precision Assessment Deliverable Precision



Precision + Bias



R A



A



C T



Repeatability



N



U



A L



G E



Reproducibility



The green triangle represents the actual score of the appraiser.



The range between the red squares is the Confidence Interval which is a function of the operators score and the size of the sample they have inspected. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Statistical Report



The Operator agrees with themselves on both trials



All Operators agree Within & Between themselves



The Operator agrees on both trials with the known standard



All Operators agree Within & Between themselves and with the standard



Summary At this point, you should be able to:    



Understand Precision & Accuracy Understand Bias, Linearity and Stability Understand Repeatability & Reproducibility Understand the impact of poor gage capability on product quality  Identify the various components of Variation  Perform the step by step methodology in Variable and Attribute MSA’s
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Welcome to Measure Process Discovery Six Sigma Statistics



Measurement System Analysis Data Collection and Sampling Process Capability



Wrap Up & Action Items



DATA COLLECTION and SAMPLING



Tool Kit: Data Collection Plan Data Collection Plan
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Data Collection Short-term data:



Long-term data:



 Collected across a narrow inference space.  Daily, weekly; for one shift, machine, operator, etc.  Is potentially free of special cause variation.  Often reflects the optimal performance level.  Typically consists of 30 – 50 data points.



 Is collected across a broader inference space.  Monthly, quarterly; across multiple shifts, machines, operators, etc.  Subject to both common and special causes of variation.  More representative of process performance over a period of time.  Typically consists of at least 100 – 200 data points.
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Data Collection - Overview Developing a data collection plan assures that the data collected are the “data that what we want to have.”  It prevents us from simply using whatever data are already available  The data collection plan makes sure that you collect the data in a way that you can use later to analyze cause-effect relationships  Data types must be considered in developing your data collection plan because different statistical analysis will be performed depending on data type:



– Discrete data – Continuous data
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Data Collection Plan Questions Questions to be answered: – What data to collect? – How are they measured and what is the Operational Definition of the measurements? – When I have these data, am I able to prove or disprove the cause-effect-relationships between Xs and Ys from DEFINE and MEASURE? – How will the data be displayed and what are the patterns expected?
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What is Sampling? Sampling is: – Collecting a portion of all the data (as opposed to looking at every item) – Using that data to draw conclusions about a certain population



Conclusions can often be drawn from a relatively small amount of data – For it to be valid, a sample must fairly represent the population or process – No systematic differences should exist between the data you collect and the data you don’t collect Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Use of Sampling Sampling allows us to – Establish a baseline performance of the process – Conduct special studies to improve the process – Monitor the process



We have a large population we need to describe and measure – Income level of certain customers or segments – % of customers who would purchase specific services and products for cross-selling opportunities – Reasons for being behind in mortgage payments Sampling provides a snapshot in time of a given process or population Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Welcome to Measure Process Discovery Six Sigma Statistics Measurement System Analysis Data Collection and Sampling Process Capability



Continuous Capability Concept of Stability Attribute Capability Wrap Up & Action Items



PROCESS CAPABILITY



Steps to Capability Step 1



Step 6



• Select Output for Improvement



Step 2



• Check data for normality



Step 7 • Calculate Z-Score, PPM, Yield, Capability, Cp, Cpk, Pp, Ppk



Step 5



• Verify Customer Requirements



Step 3



• Determine Data Type (LT or ST)



Step 4



• Validate Specification Limits and Measurement System



• Collect Sample Data
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Verifying the Specifications Questions to consider: What is the source of the specifications? – – – –



Customer requirements (VOC) Business requirements (target, benchmark) Compliance requirements (regulations) Design requirements (blueprint, system)



Are they current? Likely to change? Are they understood and agreed upon? – Operational definitions – Deployed to the work force Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Understanding Process Capability Process Capability: – The inherent ability of a process to meet the expectations of the customer without any additional efforts. Provides insight as to whether the process has a: – Centering Issue (relative to specification limits) – Variation Issue – A combination of Centering and Variation – Inappropriate specification limits Understanding Process Capability allows for a baseline metric for improvement. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Capability Analysis The Y’s (Outputs)



Y = f(X) (Process Function)



Verified ?



Op i



Op i + 1



Data for Y1…Yn



X1



Y1 X2



Off-Line Correction



Analysis



Scrap



Y2



X3 X4 Yes X5



No Correctable



Variation – “Voice of the Process” Frequency



The X’s (Inputs)



Y3



10.16 10.11 10.16 10.05 10.11 10.33 10.05 10.44 10.33 9.86 10.44 10.07 9.86 10.29 10.07 10.36 10.29 10.36



9.87 10.16 9.99 9.87 10.11 10.12 9.99 10.05 10.43 10.12 10.33 10.21 10.43 10.44 10.01 10.21 9.86 10.15 10.01 10.07 10.44 10.15 10.29 10.03 10.44 10.36 10.33 10.03 10.15 10.33 10.15



9.80 9.90 10.0 10.1 10.2 10.3 10.4 10.5



?



Requirements – “Voice of the Customer”



Data - VOP



Critical X(s): Any variable(s) which exerts an undue influence on the important outputs (CTQ’s) of a process



10.16 10.11 10.05 10.33 10.44 9.86 10.07 10.29 10.36



9.87 9.99 10.12 10.43 10.21 10.01 10.15 10.44 10.03 10.33 10.15



USL = 10.44



LSL = 9.96



10.16 10.11 10.05 10.33 10.44 9.86 10.07 10.29 10.36



Defects



-6



-5



Defects



-4



-3



-2



-1



+1



+2



+3



+4



+5



+6



9.70 9.80 9.90 10.0 10.1 10.2 10.3 10.4 10.5 10.6
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Process Output Categories Incapable LSL



Average



Off target LSL



USL



Average



Target



USL



Target



Capable and on target LSL



Average



USL



Target Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Capability Studies Capability Studies: – Are intended to be regular, periodic, estimations of a process’s ability to meet its requirements. – Can be conducted on both Discrete and Continuous Data. – Are most meaningful when conducted on stable, predictable processes. – Are commonly reported as Sigma Level which is optimal (short-term) performance. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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The Basic Six Sigma Metrics In any process improvement endeavor, the ultimate objective is to make the process: 1. Better: DPU, DPMO, RTY (there are others, but they derive from these basic three) 2. Faster: Cycle Time 3. Cheaper: COPQ



 If you make the process better by eliminating defects you will make it faster.  If you choose to make the process faster, you will have to eliminate defects to be as fast as you can be.  If you make the process better or faster, you will necessarily make it cheaper. The metrics for all Six Sigma projects fall into one of these three categories Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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First Time Yield (FTY)



First Time Yield (FTY) is simply the number of good units produced divided by the number of total units going into the process.



First Time Yield Or First "Pass" Yield Is A Tool For Measuring The Amount Of Rework In A Given Process. It Is An Excellent Cost Of Quality Metric.
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First Time Yield FTY is the traditional quality metric for yield - unfortunately, it does not account for any necessary rework



FTY = Units in = 50 Units Out = 50



Process A (Grips)



Defects Repaired 4



Total Units Passed Total Units Tested Units in = 50 Units Out = 50



Units in = 50 Units Out = 50 Process B (Shafts)



Process C (Club Heads)



Defects Repaired 3



Defects Repaired 2



Units Passed = 50 Units Tested = 50 Final Product (Set of Irons)



FTY = 100 %



*None of the data used herein is associated with the products shown herein. Pictures are no more than illustration to make a point to teach the concept.
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FTY Example You have a process of that is divided into four sub-processes - A, B, C and D. Assume that you have 100 units entering process A. To calculate FTY you would:



Calculate the yield (number out of step/number into step) of each step. 2. Multiply these together.  100 units enter A and 90 leave. The FTY for process A is 90/100 = .9  90 units go into B and 80 units leave. The FTY for process B is 80/90 = .89  80 units go into C and 75 leave. The FTY for C is 75/80 = .94  75 units got into D and 70 leave. The FTY for D is 70/75 = .93  The total process yield is equal to FTYofA * FTYofB * FTYofC * FTYofD or .9.89.94*.93 = .70. You can also get the total process yield for the entire process by simply dividing the number of good units produced by the number going in to the start of the process. In this case, 70/100 = .70 or 70 percent yield. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Rolled Throughput Yield (RTY) Rolled Throughput Yield (RTY) is the probability that a single unit can pass through a series of process steps free of defects.



RTY = X1 * X2 * X3 Where X= units in/units out
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Rolled Throughput Yield RTY is a more appropriate metric for problem solving - It accounts for losses due to rework steps



RTY = X1 * X2 * X3 Units in = 100 Units Out = 100 RTY = 0.6



Units in = 100 Units Out = 100 RTY = 0.7



Process A (Grips)



Process B (Shafts)



Defects Repaired 40



Defects Repaired 30



Units in = 100 Units Out = 100 RTY = 0.8 Process C (Club Heads)



Defects Repaired 20



Units Passed = 100 Units Tested = 100 Final Product (Set of Irons)



RTY = 33.6 %



*None of the data used herein is associated with the products shown herein. Pictures are no more than illustration to make a point to teach the concept.
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RTY Example Using the Same Example for the FTY: Process A = 100 units in and 90 out Process B = 90 in and 80 out Process C = 80 in and 75 out Process D = 75 in and 70 out. Process A = 100 units, 10 scrapped and 5 reworked to get the 90.  [100-(10+5)]/100 = 85/100 = .85 This is the true yield when you consider rework and scrap. Process B = 90 units in, 10 scrapped and 7 reworked to get the 80.  [90-(10+7)]/90 = .81 Process C = 80 units in, 5 scrapped and 3 reworked to get the 75.  [80-(5+3)]/80 = .9 Process D = 75 units in, 5 scrapped and 10 reworked to get the 70.  [75-(5+10)]/75 = .8



Now to get the true Rolled Throughput Yield (Considering BOTH scrap and the rework necessary to attain what we thought was first time throughput yield) we find that the true yield has gone down significantly: .85.81.9*.8 = .49572 or Rounded to the nearest digit, 50% yield. A substantially worse and substantially truer measurement of the process capability. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Defects Per Unit (DPU)



DPU or Defects Per Unit is the average number of defects observed when sampling a population.



DPU = Total # of Defects / Total population Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Defects Per Unit (DPU) Six Sigma methods quantify individual defects and not just defectives – Defects account for all errors on a unit • A unit may have multiple defects • An incorrect invoice may have the wrong amount due and the wrong due date – Defectives simply classifies the unit bad • Doesn’t matter how many defects there are • The invoice is wrong, causes are unknown – A unit: • Is the measure of volume of output from your area. • Is observable and countable. It has a discrete start and stop point. • It is an individual measurement and not an average of measurements. Two Defects
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DPMO Defects per million opportunities (DPMO) is the average number of defects per unit observed during an average production run divided by the number of opportunities to make a defect on the product under study during that run normalized to one million.



Note: Defects Per Million Opportunities. Synonymous with PPM.



To convert DPU to DPMO, the calculation step is actually DPU/(opportunities/unit) * 1,000,000.
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Defects Per Million Opportunities DPMO= (D/(U*N))* 106 D= Number of Defectives U= Number of Units Produced N= Number of Opportunities for Errors per Unit



DPMO= 3.4 = Six Sigma level of performance
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Process Capability – DPMO  A delivery process of a courier company has 3 defect opportunities (timeliness, accuracy of delivery, accuracy of invoice).  The company has delivered 5000 mail pieces, 8 of them were too late, 3 of them delivered to the wrong address, and 2 had a wrong amount on the invoice.  The DPMO are DPMO= (D/(U*N))* 106



83 2 DPMO  *1,000,000  866 5000 * 3 Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



112



Process Capability - Overview Process Capability compares how the process is to how the process should be.  Indices for Process Capability: – Yield (% good) – DPMO (Defects per Million Opportunities) – Process Sigma (more sensitive for good processes)  Process Sigma can be calculated for: – Discrete data using the actual yield and looking up the Process Sigma value in the Sigma table – Continuous data using the normal function to estimate the yield and looking up the Process Sigma value in the Sigma table
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Components of Variation Even stable processes will drift and shift over time by as much as 1.5 Standard Deviations on the average. Long Term Overall Variation



Short Term Between Group Variation Short Term Within Group Variation Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Stability 



A Stable Process is consistent over time. Time Series Plots and Control Charts are the typical graphs used to determine stability.







At this point in the Measure Phase there is no reason to assume the process is stable. Time Series Plot of PC Data 70



PC Data
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Capability



Cp , Cpk and Pp, Ppk are the indicators of process capability



They show whether or not the process is performing within the customer specifications (USL, LSL)
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Capability Formulas



Six times the sample Standard Deviation



Sample Mean



Three times the sample Standard Deviation



Note: Consider the “K” value the penalty for being off-center LSL – Lower specification limit USL – Upper specification limit
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Capability  Cp indicates the potential capability of the process  Estimates what the process is capable of producing if the process mean were to be centered between the specification limits.  If the process mean is not centered, Cp overestimates process capability  Process capability (Cp ) tells us how many times the process variation fits inside the spec limits LSL



USL



Customer Specifications



–



USL  LSL Cp = 6S Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Capability  Cpk indicates the potential capability of the process and it’s location relative to the mean – Estimates what the process is capable of producing, considering that the process mean may not be centered between the specification limits.



 Cpk 


X  LSL USL  X – Cpk = min ( , ) 3S 3S Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Relationship to Measures of Process Fallout



Cpk



Sigma level (σ)



Area under the probability density function Φ(σ)



0.33



1



0.6826894921



68.27%



317311



0.67



2



0.9544997361



95.45%



45500



1.00



3



0.9973002039



99.73%



2700



1.33



4



0.9999366575



99.99%



63



1.67



5



0.9999994267



99.9999%



1



2.00



6



0.9999999980



99.9999998%



0.002



Process yield



Process fallout (in terms of DPMO/PPM)
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Capability Index = Cpk and Ppk  Mathematically Cpk and Ppk are the same and Cp and Pp are the same.  The only difference is the source of the data, Shortterm and Long-term, respectively. – Cp and Pp • What is Possible if your process is perfectly Centered • The Best your process can be • Process Potential (Entitlement)



– Cpk and Ppk • The Reality of your process performance • How the process is actually running • Process Capability relative to specification limits Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Summary At this point, you should be able to:     



Explain the difference between FTY and RTY Explain how to calculate “Defects per Unit” DPU Estimate Capability for Continuous Data Estimate Capability for Attribute Data Describe the impact of Non-normal Data on the analysis presented in this module for Continuous Capability
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For Establishing a Baseline



STATISTICAL PROCESS CONTROL



Purpose of Statistical Process Control  Every process has Causes of Variation known as: – Common Cause: Natural variability – Special Cause: Unnatural variability • Assignable: Reason for detected Variability • Pattern Change: Presence of trend or unusual pattern



 SPC is a basic tool to monitor and improve variation in a process.



 SPC is used to detect Special Cause variation telling us the process is “out of control” but does NOT tell us why.  SPC gives a glimpse of ongoing process capability AND is a visual management tool. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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What Is A Control Chart? A statistical tool used to distinguish between process variation resulting from common causes and variation resulting from special causes.
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Why Use Control Charts?  Monitor process variation over time  Differentiate between special cause and common cause variation  Assess effectiveness of changes  Communicate process performance
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Control Chart Types There are two main categories of Control Charts, those that display attribute data, and those that display variables data. Attribute Data: This category of Control Chart displays data that result from counting the number of occurrences or items in a single category of similar items or occurrences. – These “count” data may be expressed as pass/fail, yes/no, or presence/absence of a defect.



Variables Data: This category of Control Chart displays values resulting from the measurement of a continuous variable. – Examples of variables data are elapsed time, temperature, and radiation dose.
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Control Limits  The control limits are calculated from the data  They are not what the process should be (voice of the customer) but what the process variation actually is (voice of the process)  The control limits are an estimation of 3 standard deviations using time order information
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Control Charts Interpretation Out of control



I Chart of Golf Scores 100



Individual Value (Golf Scores)



Upper Control Limit 90 UC L=86.15



80



_ X=74.81



Average (Mean)



70



LC L=63.48 60 1



16



31



46



61



76



91



106



121



136



151



Lower Control Limit



Observation (Golfers)



• The essence of statistical control is predictability • When process is not in statistical control, it is not predictable! Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Elements of Control Charts    



Developed by Dr. Walter A. Shewhart of Bell Laboratories from 1924 Graphical and visual plot of changes in the data over time This is necessary for visual management of your process. Control Charts were designed as a methodology for indicating change in performance, either variation or Mean/Median.  Charts have a Central Line and Control Limits to detect Special Cause variation. Control Chart of Recycle



Control Limits



60



UCL=55.24 50



Individual Value



Special Cause Variation Detected



1



40 _ X=29.06



30



Process Center



20



(usually the Mean) 10 LCL=2.87



0 1



4



7
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13 16 19 Observation
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Control Limits versus Specification Limits  Control Limits (Upper & Lower) say how much the process actually varies  Specification Limits (Upper & Lower) say how much the process is allowed to vary I Chart of Golf Scores 100



Individual Value (Golf Scores)



Upper Spec Limit (80) 90 UCL=86.15



80



_ X=74.81 70



LCL=63.48 60 1



16



31



46



61



76



91



106



121



136



151



Observation (Golfers)



Is this process in control? Is this process within the customer spec limits?



Lower Spec Limit (70)



How To Use The Control Chart 1. Select the process to be charted and decide on the type of control chart to use. 2. Determine your sampling method and plan: – Choose the sample size (how many samples will you obtain?) – Choose the frequency of sampling, depending on the process to be evaluated (months, days, years?). – Make sure you get samples at random (don't always get data from the same person, on the same day of the week, etc.). 3. Start data collection: – Gather the sampled data. – Record data on the appropriate control graph.



Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



132



How To Use The Control Chart (continued) 4. Calculate the appropriate statistics (the control limits) depending on the type of graph. 5. Observation: – The control graph is divided into zones: UCL, Standard (average) and LCL 6. Interpret the graph: – If the data fluctuates within the limits, it is the result of common causes within the process (flaws inherent in the process) and can only be affected if the system is improved or changed. – If the data falls outside of the limits, it is the result of special causes (in human service organizations, special causes can include bad instruction, lack of training, ineffective processes, or inadequate support systems).
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Calculating New Control Limits Three prerequisites must be fulfilled before you are allowed to calculate new control limits. 1. A change in the process must be proven by statistical evidence (e.g. 9 data points above or below the centerline). 2. Understanding of why the change occurred (in best case due to your improvements). 3. Confidence that the process will stay changed.
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Does Stable = Good? “In control” only means that the process is predictable, that its variation is stable - it doesn’t mean that the process is good. I Chart of Drive Distance Pre-Lessons 140 UCL=127.9



Individual Value



120



Spec Limit: above 80



100 80



_ X=64.9



60 40 20



LCL=2.0



0
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Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



135



Lean Metrics      



Takt Time Load Chart Time/Value Chart Cycle Time and Lead Time Value Added Ratio TOC and OEE
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Takt Time  From data we have collected on customer demand we will determine our Takt time, or the pace of customer demand  Takt is a German word for a musical beat or rhythm – Just as a metronome keeps the beat for music, Takt time keeps the beat for customer demand



Takt time is the time required between completion of successive units of end product; it determines how fast a process needs to run to meet customer demand
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Takt Time Formula To calculate for a particular value stream, divide the daily net available time by the total quantity required for one day  The net available production time is the gross available production time MINUS planned downtime occurrences – Breaks – Lunch – Team Meetings



Takt time = Daily net available production time = Time/Unit Required daily production quantity Note: Calculate Takt time in seconds for high-volume streams Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Takt Time Exercise Example: if you have a total of 8 hours in a shift – – – –



You take a 30 minute lunch 2 x 15 min breaks 10 minutes for a team briefing 10 minutes for basic maintenance checks, then the net What is the Available Time to Work



If customer demand is 400 units a day and you were running one shift, what would be the maximum time you could spend making a part in order to be able to keep up with Customer Demand? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Takt Time Exercise (solution) If you have a total of 8 hours (or 480 minutes) in a shift (gross time) less 30 minutes lunch, 30 minutes for breaks (2 x 15min.), 10 minutes for a team briefing and 10 minutes for basic maintenance checks, then the net Available Time to Work = 480 30 - 30 - 10 - 10 = 400 minutes.



If customer demand is 400 units a day, then 𝑇𝑎𝑘𝑡 =



400 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 400 𝑢𝑛𝑖𝑡𝑠



= 1 minute
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Load Chart The objective of a load chart is to evaluate the distribution of work content in a process.
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Load Chart Bad Situation: Each worker performs a fixed process step at each work location and cycle times are not balanced. TAKT TIME



Process



Good Situation: Worker share tasks and flex between process steps to balance output to demand.



TAKT TIME



1



2



3



4



5



6



Process
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Load Chart Example Fan Assembly Line Load Chart Final Assy.



Test



Unbalanced Process!



Inspection



Impeller Clearance



Install Stator



Crimp



Torque Impeller



Route Leads



Install Pins & Lugs



Press Bearings



Connector



Seal



1



Install



Pre-load End Play



Soldering



2



Takt = 3 hours



Before:



Load Chart Example Fan Assembly Line Load Chart



Takt = 3 hours



After:



Inspection Final Assy.



Test



Impeller Clearance



Route Leads



Install Stator



Pre-load End Play



Soldering



Seal



Balanced Process!



Torque Impeller



Crimp



Press Bearings



Install Pins & Lugs



1



Install



Connector



2



Time / Value Chart The purpose of a time value chart is to make value stream data more visible and easier to understand
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Time / Value Chart DAY 1



DAY X



Value-Added Activities



Queue



Queue



Wait or Queue Steps “White Spaces”



These activities must be ELIMINATED!



Non-Value Activities



Graphical Representation Of Value Stream Activities Over Time! Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Time / Value Chart Example Engineering Change Request Order DAY 1



(With and without Customer Approval) DAY 120



NVA VA



DAY 30



Queue



h



without customer



Notes and Data: approval  not to scale  30 day lead-time w/ no customer approval  120 day lead-time with customer approval  6 hours VA time (either case)  4 days of NVA (w/o customer approval)  multiple tracking systems  functional / people handoffs Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Cycle Time and Lead Time



Cycle Time (CT) = The total time required for a worker to complete one cycle of an operation.



Lead Time = Total time for one unit to pass through the entire process. = Σ(Value Added CT) + Σ(Non-Value Added CT) + Σ (Wait Times)
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Value Added Ratio Value Added Ratio =



Σ(Value



Added CT) Lead time
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TOC and OEE
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TOC – Theory of Constraints



“In any process there is one step that is the current constraint to throughput or flow. Relieve that constraint, and the throughput of the entire process is increased.” - Eliyahu M. Goldratt, Author, ‘The Goal’
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TOC – Theory of Constraints



Final Assy.



Test



Impeller Clearance



Route Install Leads Stator
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Inspection



Torque Impeller



Press Bearings



1



Seal



Install Install Crimp Connector Pins & Lugs



Pre-load End Play



Soldering



2



Takt = 3 hours



Overall Equipment Effectiveness (OEE)  A method to study a constraint and decide how to relieve it  Idea – Relieve a constraint by increasing its overall effectiveness



OEE = Utilization x Efficiency x Yield
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Overall Equipment Effectiveness (OEE) Utilization =



Actual Run Hours Total Planned Hours



Efficiency



=



Actual Units per Run Hour Planned Units per Run Hour



Yield



=



Good Units Total Units
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Overall Equipment Effectiveness (OEE) Example: Utilization = 75% Efficiency = 90% Yield = 95%



OEE = 75% x 90% x 95% = 64% What would you do to improve this OEE? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Overall Equipment Effectiveness (OEE) Two methods to deal with a constraint: 1. Buy another machine 2. Get the most out of the current machine Which solution would you recommend?
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Overall People Effectiveness (OPE) OPE = Utilization x Efficiency x Yield Two methods to deal with a constraint: 1. Hire more people 2. Get the most out of the current people Which solution would you recommend? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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WRAP UP AND ACTION ITEMS



Measure Phase Overview - The Goal The goal of the Measure Phase is to: – Define, explore and classify “X” variables using a variety of tools. • Detailed Process Mapping • Fishbone Diagrams • X-Y Matrixes – Perform Measurement Capability studies on output variables. – Collect data for Analyze Phase. – Evaluate stability of process and estimate starting point capability.
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Measure Phase Deliverables Listed below are the Measure Deliverables that each candidate should present in a Power Point presentation to their mentor and project champion. At this point you should understand what is necessary to provide the following deliverables in your presentation. – Team Members (Team Meeting Attendance) – Primary Metric – Secondary Metric(s) – Process Map – detailed – FMEA



– – – – – – –



X-Y Matrix Basic Statistics on Y MSA Stability graphs Capability Analysis Project Plan Issues and Barriers
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Measure Phase - The Roadblocks Look for the potential roadblocks and plan to address them before they become problems: – Team members do not have the time to collect data. – Data presented is the best guess by functional managers. – Process participants do not participate in the creation of the X-Y Matrix, FMEA and Process Map.



It won’t all be smooth sailing…..
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DMAIC Roadmap



Steps



Deliverables



Define



Measure



Improve



Control



• Problem defined and project chartered • Customer and business metrics (Ys) defined and validated



• Measurement system and sampling approach verified • Baseline capability and stability documented



• Data and process displayed • Critical root causes (Xs) verified and quantified



• Solutions addressing critical Xs identified • Risks minimized and solutions verified



• New process standardized and control system implemented • Project results documented and project closed



1. Determine the Business Case 2. Create a Project Charter 3. Map the Hi-Level Process 4. Translate the Voice of the Customer into CTQs (Ys)



5. Identify Potential Root Causes (Xs) 6. Develop a Data Collection Plan 7. Verify the Measurement System and Gather Data 8. Determine Baseline Capability and Stability



9. Visualize the Data and Identify Patterns 10. Visualize the Process and Identify Value 11. Verify and Quantify Critical Causes



12. Identify, Evaluate, and Select Potential Solutions 13. Mitigate Risk 14. Test or Pilot Solutions



15. Clarify Process Management and Monitoring Plan 16. Standardize Process and Prepare Participants 17. Implement Improvements 18. Document Key Results and Evaluate Project



Tollgate



Tollgate



Tollgate



Tools



Analyze



• • • • • • • • • • •



Charter SIPOC Voice of the customer Gemba Visits Process Mapping Fishbone Diagram Affinity Diagram CTQ Tree Kano Model Prioritization Matrix Benchmarking



Tollgate



• • • • • • • • • • •



Brainstorming Gage R&R Study Sampling Plan Data Collection Plan Data Plots Control Charts Sigma/Yield Calculations FTY/RTY Calculations C&E Matrix Value Add Analysis Takt Time Analysis



• • • • • • • • •



Kanban Analysis 5 Whys Bar Chart, Pie Chart Dot Plot Probability Curve Scatter Plot Pareto Charts Hypothesis Tests Statistical Analysis Tools



• • • • • • •



Brain writing 6-3-5 Poke Yoke Affinity Diagram Solution Selection Matrix FMEA Communication Plan Training Plan



Tollgate



• • • • • • • • • • •



5S Leading Metrics Lagging Metrics Control Charts Control Plan Visual management Change Management Standardized work Procedures Result Evaluation Leverage: Lessons Learned Documentation



Measure Phase Detailed Problem Statement Determined Detailed Process Mapping Identify All Process X’s Causing Problems (Fishbone, Process Map)



Select the Vital Few X’s Causing Problems (X-Y Matrix, FMEA) Assess Measurement System



Implement Changes to Make System Acceptable



N



Repeatable & Reproducible?



Y



Assess Stability (Statistical Control) Assess Capability (Problem with Centering/Spread) Estimate Process Sigma Level



Review Progress with Champion



Ready for Analyze



Measure Phase Checklist Identify critical X’s and potential failure modes • Is the “as is” Process Map created? • Are the decision points identified? • Where are the data collection points? • Is there an analysis of the measurement system? • Where did you get the data? Identify critical X’s and potential failure modes • Is there a completed X-Y Matrix? • Who participated in these activities? • Is there a completed FMEA? • Has the Problem Statement changed? • Have you identified more COPQ? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Measure Phase Checklist Stability Assessment • is the “Voice of the Process” stable? • If not, have the special causes been acknowledged? • Can the good signals be incorporated into the process? • Can the bad signals be removed from the process? • How stable can you make the process? Capability Assessment • What is the short-term and long-term Capability of the process? • What is the problem, one of centering, spread or some combination? General Questions • Are there any issues or barriers that prevent you from completing this phase? • Do you have adequate resources to complete the project? Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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Summary – – – –



At this point, you should: Have a clear understanding of the specific action items Have started to develop a project plan to complete the action items Have identified ways to deal with potential roadblocks Be ready to apply the Six Sigma method within your business
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Measure Review 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17.



18.



When developing a process map it is best to ____________? Temperature is what type of data (discreet or continuous)? A > 30% variation as measured by a Gage R&R is acceptable or unacceptable? Quantity or quality is important to brainstorming? Calculate Cpk when USL = 99, Xbar=85, S-.857 Yields is an index for Process _____________. What is the main reason to perform an MSA? What is critical when collecting data? In an MSA, repeatability is the variation ______________________. What t0ols would you use to identify numerous X’s? A process map can be described as a tool to ________ and a picture to show _______________. What tool can be used to brainstorm root causes? Attribute and count are types of ________data? Calculate Cpk when USL = 95, Xbar=80, and S=.75 Calculate the baseline sigma (with 1.5 shift) DPMU for 1500 units with 18 defects. Calculate RTY when FTY1 = .96, FTY2 - .92, FTY3 = .89 What graph would you use to graphically show the relationship between 2 sets of data when Y & X are both continuous? The essence of statistical control is ____________. Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz
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MEASURE PHASE EXAMPLE REPORT OUT



DEFINE



MEASURE



ANALYZE



IMPROVE



CONTROL



LEVERAGE



Measure – Discovery Stage • Swim Lane Process Map - began with our SIPOC and expanded each high level step to better understand the entire process to identify non-value add activities and waste • Fishbone Diagram – cross functional team organized to brainstorm cause & effect relationships pertaining to the quarterly provision/return process • XY Matrix – categorized causes identified in Fishbone diagram to identify critical X’s • Data Collection Plan – identified the need to collect quarterly tax adjustments, time to process tax packages, and defects • Control Chart – verifies the process is in control despite the desire to improve and reduce variation • Histogram – identifies centering problem in current state process compared to a typical bell curve • Value Stream Map – visualize the process timing and identify waste and downtime



• Largest down time exists when tax packages are in the sites’ hands as there are competing priorities requiring their time and attention
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DEFINE



MEASURE



ANALYZE



IMPROVE



CONTROL



LEVERAGE



Quarterly Provision & Annual Return Process Phase



Entity



No



Site accountants prepare tax packages with financial data



Fixed asset preparation working with controller & area managers to understand timing



Finish other deliverables (close, forecast, royalty) before finalizing tax package



Refresh Smartviews and finish preparing tax package



Simultaneous review by Preparer and Controller



Controller Approval? (yes/no)



Yes



Submit Tax Package to Tax Analyst (via Email)



Manager Review Level 1



Tax Analysts



Yes



Email tax package to site/entity accountants



Submit Schedule M Summary for manager review



Assemble physical file for submission (tax package from site, Schedule M, & supporting docs)



Analyst review to verify calculations within Schedule M summary



Reconcile fixed assets and prepare upload template for FAS system



FAS owner loads entity level fixed assets into system



Prepare Tax Package (Use prior submission & adjust for current needs)



Transfer tax package over to Taxable Income Schedule M



Enter book tax adjustments into consolidated Schedule M spreadsheet



Yes No



3 way review – Workpapers to Entity package to TB



Compile comments, questions, feedback for analysts



Sign off on initial review



Require Adjustments?



No



Approve



Large/Complex Entity?



Initial review of consolidated adjustments file



Manager review of consolidated file



No Yes



Manager Review Level 2



Incorporate Bob’s recommendations



Any obvious items for followup?



No



Yes No



Operating Mine?



Yes



Approve?



2nd manager performs detailed review No



Internal Tax Consultant



Yes



Bob to review inventory calculation for operating mines



Review depletion calculations
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DEFINE



MEASURE



ANALYZE



IMPROVE



CONTROL



LEVERAGE



Grouped causes into categories after Fishbone brainstorming exercise No defined access levels among analysts Tax package is seen as only communication between tax & site



Training not targeted to tax needs



Inconsistent training & access across department



SYSTEMS TRAINING & UNDERSTANDING



Chart of Accounts not tax sensitized



BOOK VS. TAX METHODOLOGY



Lack of standardization when preparing packages across entities and analysts



Legal entity reporting required for tax but not book



Requirements not clear to site



Sites don't understand how their data is used beyond the tax package



UNDERSTANDING OF PROCESS PERFORMANCE



Causes of provision inaccuracies and a slow data gathering process



Materiality for fixed assets different for book than tax



No defined KPI's for tax process performance



TAX PACKAGE



Varying tax understanding at site level No documentation of minimum requirements for forecasts needed by tax



Controller signoff not standardized



Fixed asset system for book does not work for tax



Limited tracking for root cause of errors or timing



TAX – SITE COMMUNICATION PROCESS TIMING



Lack of Operational visibility & understanding by Tax



Sites don't fully understand key items w/ tax implications



Lack of established relationships with Tax and Sites



Sites have competing priorities while preparing tax package



Confusion over most current forecast



Waiting game for tax analysts until entire package completed



Changing forecasts after tax has worked through packages



Bottleneck with fixed asset system
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DEFINE



MEASURE



ANALYZE



Input Variable



IMPROVE



CONTROL



Accuracy



Timeliness



Rank of Accuracy/Timeliness Impact



3



1



Financial Systems Understanding



7



Timing of Process Steps



LEVERAGE



Total



Rank



9



30



1



7



9



30



1



Tax Package Design



7



7



28



3



Book vs. Tax Differences



5



3



18



4



Site’s Understanding of Tax Objectives



5



3



18



4



Tax Dept’s Operational Understanding



3



3



12



6



We identified the 3 key areas of focus stemming from the XY diagram: 1.



Financial systems understanding



2.



Timing of process steps



3.



Tax package design Copyright© 2015 Improve Consulting and Training, LLC www.improveconsulting.biz



172



DEFINE



MEASURE



ANALYZE



IMPROVE



CONTROL



LEVERAGE



Data Collection Plan • Focused on three key areas identified within the fishbone analysis • Provides insight into the process performance



Type



Data Type



Source



How



How Often



When



Sample Size



Contact



Tax Provision Errors



Y



Discrete



Acct’g



SAB 108



Quarterly



Month after quarter



Varies



MD



Process Time



X



Continuous



Operation s



Interview



Quarterly



After packages completed



~30



GB



Tax Package Defects



X



Discrete



Tax Dept



Review



Quarterly



During analyst review



~30



Analysts



Systems Training



X



Discrete



Tax Dept



Interview



Quarterly



Before tax packages sent



~10



AA / PR



Measure
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DEFINE



MEASURE



ANALYZE



IMPROVE



XmR Chart



CONTROL



LEVERAGE



Histogram – Provision vs. Bell Curve



9.00



800



10



Centering problem



6.00



8



600 3.00



6 400



2010-Q2



2010-Q3



2010-Q4



2011-Q2



2011-Q3



2011-Q4



Adjustments



2012-Q2 UCL



2012-Q3



2012-Q4



2013-Q2



2013-Q3



2013-Q4



4



Average



6



200 2 4



0 -



2



0 2010-Q2



2010-Q3



2010-Q4



2011-Q2



2011-Q3



2011-Q4



Moving Range



2012-Q2



UCL (Range)



2012-Q3



2012-Q4



2013-Q2



2013-Q3



1



Process Steps



Tax Package Prep



Responsibility Method



Tax Analyst Excel



Entity Accountant Excel & Hyperion



Individual Entity Process Timing (in days) Working Days Available True Processing Time Wait Time Down Time Process Performance Metrics Units Processed Units Processed without Errors In-Process Yield Defects % Rework Rolled Throughput Yield (RTY)



Site Controller Review/Signoff



Taxable Income Calc



Site Controller Excel



Tax Analyst Excel



2/21 - 3/11 23.5 15.0 2.0 8.5



1.0 0.5



11.0 3.0 0.5



3.0 3.0 0.5



Workpaper Prep



Consolidated Taxable Income



Tax Analyst Hard Copy



1 - 2 managers Excel / Hardcopy



Tax Analyst Excel



2.0 2.0



Review Consolidated Model Tax Analyst Excel



3/11 - 3/18 1.0 1.0



4.0 4.0 0.0



5



6



7



9 -



8



Histogram (Original) - Frequency



Histogram (Original) - Bin



Comments



Taxable Income Review



0.0



4



(2) Histogram (Random) - Frequency



3/11 - 3/18 1.0 0.5



0.5



3



-200



2013-Q4



Avg. Moving Range



Value Stream Map (VSM) Tax Package Completion



2



0.5



0.5 1.0 0.0



0.5



8.0



0.5



0.0



0.0



0.0



0.0



(0.5)



34 31 91% 9% 0% 91%



34 28 82% 18% 5% 75%



34 34 100% 0% 5% 75%



34 30 88% 12% 10% 66%



34 33 97% 3% 60% 64%



34 32 94% 6% 15% 61%



1 1 100% 0% 5%



1 1 100% 0% 5%



• Despite the desire to improve, our current state process is stable at 71,078 DPMO , representing a sigma level of 1.47 • Achieving our target of 1 adjustment per quarter would result in a sigma level improvement to 1.89, or 29,412 DPMO • A critical component of achieving this improvement surrounds the flow of data as seen in the VSM. • Large variation in Tax Package completion time
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3. Map the Hi-Level Process. 4. Translate the Voice of the. Customer into CTQs (Ys). 5. ...... Step 1: Call a team meeting and introduce the concepts of the Gage. R&R ... a high degree of agreement on which way an item should be categorized. 
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