STATISTICAL PROCESS CONTROL

Statistical Process Control is a scientific and useful tool to analyze a process and make comments about the output of the process. It has traditionally been used in the manufacturing industry to analyze the output of a production line, but is now a days being extensively used in the utility industry to analyze the output of power plants. The primary aim of using Statistical Process Control tools is to make the system predictable by using it in conjunction with continuous quality improvement techniques. This type of approach is found very useful to achieve at a stable process and to minimize the cost of production. 


Statistical process control involves the integration of quality control into each step of the production process. Standards like control limits are established for each process and an acceptable range about each standard is determined. As long as the process yields an output within the range specified, quality is ensured. When the acceptable range is exceeded or a trend is seen which may cause the process to yield an output out of the acceptable limits, the process is adjusted to bring it back to the acceptable range. The greatest advantage of SPC is that prevents over adjustment by indicating when the system must be left alone. 


SPC can be used a useful "preventive maintenance" tool. This can save the industry lots of money by indicating before hand any failures. 


SPC is not a cure for all problems but when used judiciously can prevent many major mishaps, save a lot of money and yield high quality products consistently.

IMPORTANT SPC TOOLS

· Magnificient 7 tools:

1. Flow Chart

2. Pareto Chart

3. Cause and Effect Diagram

4. Histograms

5. Scatter Plots

6. Stratification

7. Run Charts

· Control Charts

8. X-Bar Chart

9. Range Chart

10. Individual Chart

11. Moving range Chart

12. P and NP Chart for number defective

13. C and U chart for number of  defects

· Gauge R & R

· Capability Analysis

· Design of Experiments

· Correlation analysis

· Regression analysis
Flow Chart: 


One of the 7 basic tools to visualize data, it is a simple tool to understand the flow of a system and to have an idea of what comes after what by means of a simple diagram with different symbols depicting inputs, outputs, processes, decisions etc. Its simplicity lies in the fact that it is of a simple top down format. It gives the flow through a system in a logical manner. The extension of the flow chart is the deployment / integrated chart which not only gives the flow though a system but also gives in detail the department or the people responsible for the particular job. Its only disadvantage is that it gets too complicated for very large processes. 

Pareto Chart:


The principle of the pareto chart is the basic fact that 80% of the problems are attributed to 20% of the causes. The pareto chart is a visual tool that helps to identify the major or the few major causes resulting in most of the problems. It plots the response to the causes in the Y axis and the cause itself in the X axis. This gives the cause with the highest number of responses and it helps in identifying the few major causes for most of the problems.

Cause and Effect Diagram:


Also known as the Ishikawa or the Fishbone diagram, it is used in identifying the possible causes for a  particular problem. The quality characteristic is identified and the variables affecting the quality characteristic considered is attributed to one of the four major causes being Man, Machine, Material and Method (4M). This gives a visual idea of the different kinds of variables affecting the quality characteristic considered and how they have to be tackled.  

 Histograms:


This gives a pictorial indication of a set of data but with no respect to time. The histogram plots the frequency of data points in each interval of measurement. The important aspect in plotting a histogram is the selection of the class interval. The types of histograms typically encountered are Symmetric, Skewed and Jagged. A symmetric histogram may either be mounded or flat. A skewed histogram may either be right skewed or left skewed. A jagged histogram may either have two peaks or isolated peaks. 

Scatter Plots:


The scatter plot gives the relationship between a response variable and an explanatory variable. The explanatory variable is along the X axis and the response variable is along the Y axis. The scatter plot may show a positive association, a negative association or no association. A couple of words of caution about the scatter plot is that an association does not imply a cause and effect relationship. Also the aspect ratio of the scales can distort the scatter plot. 

Stratification:


This is the process of splitting the data into groups according to factors that cause variation. A classic example of stratification is the effect of different temperatures on the same process. This is a good way of analyzing the process response to various settings of the same variable. 

Run Chart: 

Probably the most important of the magnificent 7 tools, the Run chart gives the measurement of data for a definite period of time. The time is measured along the X axis and the measurement is marked off along the Y axis. This helps in analyzing trends along time. Consecutive data points are joined by a straight line and this helps in visualizing the variation of data over time. An extension of the run chart is the Digidot Plot. This is a combination of a histogram along the Y axis and a usual Run chart. This not only gives the trend over a period of time but also gives the distribution of the data. 

Gauge R & R:


The analysis of a process is just as good as the measurement taken and the measuring device. The measuring device must be dependable and must possess the properties of Repeatability and Reproducibility. The measurement must be valid, precise and accurate. A measurement is valid if it represents the feature or phenomenon of interest. A measurement system is precise if it shows little variation when the same object or phenomenon is measured repeatedly. A measurement system is accurate if it produces the correct value on average. Gauge R&R is used to quantify the precision of gauges or other measurement devices or systems. The result of the Gauge R&R can be used as a tool to decide of the measurement system must be changed or if the variation in measurement is due to difference in the operators using the system. Changing the measuring system can solve the former and training the operators on the system can solve the latter. 

Control Charts:  


Control charts are used to assess the stability of a process. They are used to differentiate common cause variability inherent in the system with the special causes affecting the output of the system. Common causes are causes that are inherently part of the system hour after hour, day after day and affect everyone working in the system. Special causes are those that are not part of the system all of the time or do not affect everyone, but arise because of specific circumstances. A process is said to be a state of statistical control if it has only common causes affecting it. A process is said to unstable if it is affected by both common and special causes. Its called unstable because the magnitude of variability from one time period to the next is unpredictable. Control charts help us decide if actions have to be taken on the process. The variation can be classified into two types, Short term and Long term. The short-term variability captures common cause variability and it is the variation within a small sub group within a relatively short time. Long-term variability captures the variation among sub groups and special causes affecting the system over a long period of time. This is done by calculating control limits based on the internal variation in the process. The different types of charts for measuring the stability of a process depends on the type of quality characteristic it is supposed to monitor. Most commonly they are divided into control charts for variables and control charts for attributes. 
Control Charts for Variables

The control charts for measuring the variables are X Bar and R charts or S charts and Individual and Moving range charts. These are used to measure a particular dimension of a part of component. These give us a good idea of the repeatability and accuracy of the process.
X bar chart: 

In this chart sample means are plotted and the upper and lower control limits are estimated using the standard deviation of the sub group means. The data is sub grouped using some kind of rationale sub grouping technique. As long as all the sub group means lie within the control limits, it is fine but when a sub group mean lies outside of the control limits, it means that there is a special cause affecting the system and has affected all of the data in that sub group. This gives a good indication of special causes affecting the system. 

Range chart: 


In this the sample ranges are plotted to control the variability in the process. The range is obtained by subtracting the least value in a sub group from the biggest value in that sub group. This chart gives a very good idea about the within sub group variation. Very high values of ranges are not acceptable for a stable system. 

Individuals chart:


This is similar to the X bar chart, the only difference being that the data is not grouped into sub groups but plotted as individual data points. The mean of this chart gives the mean of the process rather than the means of the sub groups. Any data point outside control limits means inconsistent quality. 

Moving Range chart: 


This is used in conjunction with the Individuals chart and since there are no sub groups in the Individuals chart and it is not possible to get a range, a moving range is calculated by combining two or more data points next to each other. The greater the number of points used in calculating the moving ranges the greater the smoothing of the moving range curve. Ideally two points are taken for this purpose.

Control Charts for Attributes

The common control charts for attributes are P, NP, C and U chart. These are used to give information about the number of defectives produced and the rate at which these are produced. 

P and NP chart:


The P and the NP chart measure the rate of defectives in a subgroup. The only difference between them is that the P chart is used when the sub group size is varying and the NP chart is used when the sub group size is constant. Out of control points indicate that the particular sub group has more defectives than permissible. The important to keep in mind when analyzing using P and NP charts is that a part may be defective because of one or many reasons but the net result is that it is defective. We are not interested in why it is defective but we are only interested in that fact that it is so. These control charts are used when the part to be inspected is discarded if it is found to be defective and cannot be rectified once it is manufactured. 

C and U chart:


The C and U chart are used to analyze the number of defects in each part being analyzed. The C chart is used when the number of units being measured is the same. The U chart is used when the number of samples inspected for every time period is not the same. These charts are used in conjunction with assembled parts where the defects are caused by different components of an assemble and where the defect can be resolved by changing one or more of the components. 

Capability Analysis:


Once the Process is under statistical control the next question is come up with a method to analyze the capability of the process. This is the information which is used to predict the performance of the process over time. Capability analysis helps  determine if the process is capable of producing products with in specification limits and on target in a long period of time. One must note that it makes little sense to analyze the capability of the process if it is not under statistical control. The basic assumption in analyzing the capability of the process is that the data is drawn from a normal distribution. The most important values that are used for this purpose are the Capability indices Cp and Cpk. The indices are computed based on the 6-sigma limits used for constructing the upper and lower control limits on the control charts for variables. The Cp value tells us if our process range is smaller than the specification limits. Ideally we would like to have the process range as narrow as possible. The Cpk value gives information about how far away from target the mean of the process is and what the range of our process is. Based on this the process can be adjusted to obtain tighter limits and reduced variation. 

Design of Experiments:


Experimentation in industry is very common and important. Though it is done for various reasons the method used is fairly simple and robust. The primary aim if experimental design is to identify variables affecting the output and to be able to determine optimal values at which they have to be set in order to optimize some criteria like cost, quality, time etc. The idea of experimental design is that all the variables are directly controllable by the operator and can be set at any desired level. The advantage of experimental design is that it also gives the importance associated with each of the variables, and so if any variable is not as important it can be set a value that is convenient.                                            

There are many types of design methods. A few of them are 

· 2**(k-p) Fractional Factorial Designs 

· 2**(k-p) Maximally Unconfounded and Minimum Aberration Designs 

· 3**(k-p) , Box-Behnken, and Mixed 2 and 3 Level Factorial Designs 

· Central Composite and Non-Factorial Response Surface Designs 

· Latin Square Designs 

· Taguchi Methods: Robust Design Experiments 

· Mixture designs and triangular surfaces 

· Designs for constrained surfaces and mixtures 

· Constructing D- and A-optimal designs for surfaces and mixtures

Correlation Analysis:


Correlation is the process of quantifying the relation between 2 variables involved in a process. The importance of correlation in industry is to understand the relation between a variable that affects the system, and is an input to the system and the output of the system. The result of a correlation analysis is a correlation coefficient that has two parts to it. It consists of a number between 0and 1 and a "+" or "–" sign attached to the number. The sign indicates the nature of the relationship between the two variables. A "+" sign indicates a positive relation, i.e. as the input or predictor variable increases the output or the response variable increases. A "-" sign indicates a negative relation, i.e. as the predictor variable increases the response variable decreases and vice versa. The number gives the degree of the relationship between the two variables. A number closer to 1 means a very strong relationship and a number closer to 0 indicates a weak relationship. 

Regression Analysis:


Regression analysis is the process of creating a mathematical model of a process or a system. The important aspect of the regression equation is that the response to a process also called the dependent variable is dependent on one or many input or independent variables. The result of a regression equation is a mathematical equation, which may be linear, or non-linear depending on the type of analysis done. Regression analysis may look very much like experimental design which also forms an equation between the independent and the dependent variables but the difference is that experimental design is used in a controlled environment where the operator has the power to control the variables and set them at any desired value as compared to the regression analysis where the equation is formed by analyzing a process that has not been in a controlled environment but in a state of statistical control.


There are different kinds of regression equations based on the type of relationship between the predictor and the response variable. They may be linear or quadratic or a combination or the two depending on which kind of equation gives a near true indication of the process. A desired property of the regression equation is that it must be as simple as possible and at the same time be able to predict values with minimal variation from the original. Obviously when we have a lot of variables in a regression equation it will represent the process better but again having too many variables makes the equation too complex. So we have to make a trade off between the number of variables and the accuracy of the equation. 

Types of Regression Equation:


A few important and most commonly used regression equations are 

· Simple Regression

· Multiple Regression

· Factorial Regression

· Polynomial Regression

· Response Surface Regression

· Mixture Surface Regression

Simple Linear Regression:


This is a regression equation with one continuous predictor variable. This is used when the output or the response variable is affected by just one variable. The simple regression may either linear or quadratic depending upon the relationship between the predictor and the response variable as seen from the scatter plot, plotted between them. 

The equation of a simple linear regression looks similar to Y = b0 + b1 P where b1 is the slope of the line and b0 is the Y intercept of the line. The equation of a quadratic simple regression with just one term looks similar to Y = b0 + b1P2. 

Multiple Regression:


Multiple regression designs contain the separate simple regression designs for 2 or more continuous predictor variables. The regression equation for a multiple regression design for the first-order effects of 3 continuous predictor variables P, Q, and R would be Y = b0 + b1P + b2Q + b3R. Multiple regression is also used for continuous predictor variables. 

Factorial Regression:


 In factorial Regression design combinations of levels of the factors are represented in the design. In factorial regression designs, however, there may be many more such possible combinations of distinct levels for the continuous predictor variables than there are cases in the data set. To simplify matters, full-factorial regression designs are defined as designs in which all possible products of the continuous predictor variables are represented in the design. The factorial regression includes main effects and also interaction effects. The factorial regression equation with 2 variables P and Q would be 

Y = b0 + b1P + b2Q + b3P*Q where P and Q are the main effects and P*Q is the interaction effect between the two variables. This kind of regression equation has to be used only when one is sure that there is an interaction effect between the individual variables. 

Polynomial Regression:


Polynomial Regressions designs are designs, which contain main effect and higher order interaction effects between the continuous predictor variables but do not include interaction effect between the variables. For example, the polynomial regression design to degree 2 for three continuous predictor variables P, Q, and R would include the main effects (i.e., the first-order effects) of P, Q, and R and their quadratic (i.e., second-order) effects, but not the 2-way interaction effects or the P by Q by R 3-way interaction effect. Y = b0 + b1P + b2P2 + b3Q + b4Q2 + b5R + b6R2. Polynomial regression designs do not have to contain all effects up to the same degree for every predictor variable. For example, main, quadratic, and cubic effects could be included in the design for some predictor variables, and effects up the fourth degree could be included in the design for other predictor variables.

Response Surface Regression: 

Quadratic response surface regression designs are a hybrid type of design with characteristics of both polynomial regression designs and fractional factorial regression designs. Quadratic response surface regression designs contain all the same effects of polynomial regression designs to degree 2 and additionally the 2-way interaction effects of the predictor variables. The regression equation for a quadratic response surface regression design for 3 continuous predictor variables P, Q, and R would be 

Y = b0 + b1P + b2P2 + b3Q + b4Q2 + b5R + b6R2 + b7P*Q + b8P*R + b9Q*R 

These types of designs are commonly employed in applied research. 

Mixture Surface Regression:
Mixture surface regression designs are identical to factorial regression designs to degree 2 except for the omission of the intercept. Mixtures, as the name implies, add up to a constant value; the sum of the proportions of ingredients in different recipes for some material all must add up 100%. Thus, the proportion of one ingredient in a material is redundant with the remaining ingredients. Mixture surface regression designs deal with this redundancy by omitting the intercept from the design. The design matrix for a mixture surface regression design for 3 continuous predictor variables P, Q, and R would be Y = b1P + b2Q + b3R + b4P*Q + b5P*R + b6Q*R. These types of designs are commonly employed in applied research. 

