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Weibull Analysis for Yield 

The Weibull Distribution is the “go to” 
distribution for modelling reliability data.   

 

It is also a distribution used to model the 
volume output of a production process where 
it can give you a sense of the “sprint 
capability” of the process and how much 
volume is being lost to special cause – 
essentially unreliability. 

 

This training module will cover another use of 
the Weibull Distribution – that of fitting the 
distribution to Yield data. 



Objectives of this module 

• To provide background on the Weibull distribution 

• To outline how the Weibull distribution can be fitted 

to Yield data – e.g. the Shift or Daily Yield of a 

Manufacturing Process 

• To outline a strategy for automated determination 

of these parameters and other relevant statistics 

• To provide a practical approach to creating a 

custom control chart based on these parameters 

• Discussion on how to automate creation of these 

control charts 
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The Weibull Distribution 

• The 2 Parameter Weibull Distribution is 

defined by: 

• Eta () or Scale – the point at which 63.2% of 

the area under the curve is to the left; for high 

Shape values this is essentially the peak of the 

distribution. 

• Beta () or Shape – changes the shape: 

• < =1 is steadily decreasing 

•  >1 to 3 peaked with a tail to the right 

• 3 to 4 bell shaped  

• > 4 peaked with a tail to the left 
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Weibull Shape 

Parameter () 
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Varying Scale and Shape 
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Note that at 
high Shape 
values, the 

Scale parameter 
is the peak of 

the distribution. 



The Need 

• It is helpful to think that yield data will include 

common cause and special cause variability. 

• Common cause variability will include the day to day 

sources of variability that will combine to create the 

“usual” variability which can often be well modeled 

by a Weibull Distribution 

• Special cause variability will include failures, start 

ups, shutdowns and other sources of variability 

which are unusual or are usual sources of variability 

but of an unusually large magnitude.  If not dealt with, 

special cause variability will cause the overall yield 

data to be poorly fitted by a Weibull distribution. 
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The Need 

• Trial and error methods can be used to try to fit a 

Weibull model to the underlying common cause data: 

• Trim the low end of the data before fitting to the distribution, 

review, repeat as needed.  The assumption is that the low 

end represents “special cause” variability. 

• Adjust the parameters until the upper end of the distribution 

fits well to a Weibull Distribution. 

• The problem is that a manufacturing plant may have 

dozens of machines or production lines producing 

hundreds of products.  This can result in hundreds 

of machine – product combinations, each of which 

need to be modeled before a control chart based on 

a Weibull fit to the data can be created.  Hand fitting 

is impractical. 
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Overview of Approach 

• It is assumed here that you have 

manufacturing yield data organized by 

machines (or production lines).  You can 

create Yield Control Charts based on the 

Weibull distribution: 

1. Lay out the groupings of machine vs machine 

centres vs products.  (Organize). 

2. Use an automated routine to calculate Weibull 

parameters and the Xth Percentile of the 

Distribution  (5th Percentile is a reasonable 

choice) for each Machine Centre – Product 
combination. 
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Overview of Approach – cont’d 

3. Use those limits to create or update a Weibull 

Limits file that stores, at a minimum, the Scale 

and Xth Percentile value for each Machine 

Centre – Product combination. 

4. Create automated control charts that read in 

data, read in limits and output control charts for 

each Machine – Product combination that is 

running. 

5. Schedule the control charting routine to run 

each shift / day as appropriate and make a 

review of the chart part of the shift / day rituals. 

6. Periodically update the control limits per step 2. 
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Step 1                            Organize 

1. Lay out the groupings of machine vs machine 

centres vs products.  Simplified example: 
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Machine 1  
(Design Type “A” ) 

Runs Products: 
N23, N27, R5 

Machine 2  
(Design Type “A” ) 

Runs Products: 
X1, N27 

Machine 3  
(Design Type “A” ) 

Runs Products: 
X1, N27 

Machine 4  
(Design Type “B” ) 

Runs Products: 
N27, Q17, R5 

Machine 5  
(Design Type “B” ) 

Runs Products: 
N23, Q17 

Based on this set up, the automated routine would 
calculate Weibull parameters for the following 

Machine Centre – Product Combinations: 

A-N32, A-N27, A-R5, A-X1,  
B-N27, B-Q17, B-R5, B-N23  



Sample Data for this Module 

Comments about the data used for this module: 

• Ideally the data used would be manufacturing data 

but, not surprisingly, public data about the yield of 

a manufacturing process is hard to come by! 

• At the site Data.GOV, you can get data on each 

scheduled airline flight in the U.S.  

• Data for each month in 2012 was extracted covering over 

6 million flights 

• The data includes data on delays (Carrier, Weather, NAS, 

Security, Late Aircraft) 

• The data was summarized and “On Time % Yield” was 

defined for by each Carrier and Day as:  
  

(𝐴𝑙𝑙 𝐹𝑙𝑖𝑔ℎ𝑡𝑠 − 𝐷𝑒𝑙𝑎𝑦𝑒𝑑 𝐹𝑙𝑖𝑔ℎ𝑡𝑠)

𝐴𝑙𝑙 𝐹𝑙𝑖𝑔ℎ𝑡𝑠
∗ 100 
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Step 2            Calculate Weibull 

Parameters 
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The fit to a 
Weibull 

Distribution is 
not bad, but it 

looks like 
there is special 
cause data on 
the low side. 

For manufacturing process data, 
you would have machine (or 
production line) – product 

combinations instead of airlines. 



Step 2. Cont’d        Cleaning the Data 

If we are to automate the 

estimation of the 

parameters for the Weibull 

fit, we need criteria for 

“Cleaning” the data i.e. to 

remove the “Special 

Cause” points and leave 

the “Common Cause” 

points.  “Special Cause” 

here means the low end 
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outliers.   There are “shades of grey” in determining what to call 

an outlier, but one reasonable approach is that used in a BoxPlot.  

i.e. The criteria used here is to say anything that would be a low 

side outlier on a BoxPlot will be removed before estimating the 

Weibull parameters.  

Cut off Limit for Outliers =  

Q1 - 1.5 * IQR  
 

where: 

•Q1 is the First Quartile 

• IQR is the Inter-Quartile Range 

Here, Q1 - 1.5 * IQR  

= 92.43 – 1.5*4.10  

= 86.3% 

“Outliers” 



Before & After Cleaning 
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The green bars show the data after 
cleaning. (Removal of data below 86.3%). 

For control charting we are interested 
in the low end of the tail.  The 5th 

percentile of the distribution is 83.7% 
before cleaning, 89.3% after. 



Cumulative Distribution 
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The cumulative 
distribution plot 

shows the actual % 
of data included up 
to each point on the 
X axis.  At the left 
none of the data is 
included and by the 

right all of it is 
included. 

 
The blue line shows 
the best fit Weibull 

distribution.  

After cleaning, the fit between 
the actual data and the 

Weibull distribution is better 



Probability Plot – Before & 

After 
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A Probability Plot “distorts” the Y 
axis so that instead of an “S” curve, 
the data will plot as a straight line if 
it follows the distribution perfectly.  

 

You can see here that the cleaned 
data follows a straight line better 

(but not perfectly!). 



Interpretation 
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The shaded area represents the 
improvement if  “Special Cause” (e.g. 
unreliability) can be eliminated.  For 
airlines weather is one Special Cause 

that is not going to go away!! 

Points falling on the line 
represent operating at 

the current capability of 
the process.  

(“Entitlement”).  



Comparing Processes 
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 Mean = 80.7%  

 Mean = 93.6%  

These 2 different airlines have 
different capabilities.  A higher 

Shape Parameter indicates the yield 
values are more crowded toward 
100% - which is a good thing!! 

The Scale Parameter (for high 
values of the shape parameter) is 

essentially the peak of the 
distribution and can be considered 
the “Sprint” capability yield for the 
process i.e. when only common 
cause variability is in play yields 
should bounce around this value. 

The mean yield is a function of slope of the line – the underlying capability of the process – 
and  how much deviation there is from this line due to special cause variation.  You can 

see in this example that the average % on time performances are very different.  By 
making beneficial changes to the process, the underlying capability can be improved. 



Step 2. Cont’d                                                        .    

Output of the Automated Routine  
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This graph comes 
from the 

automated routine 
which analyzes 

each combination 
(here each airline) 
to clean the data 
and capture the 
Shape and Scale 
parameters, 5th 
Percentile value, 

etc. 

“Cleaning” limit derived 
from BoxPlot outlier criteria 



Overall “Yield” Summary 

You are probably 

curious about how 

the airlines stacked 

up in 2012 so here is 

the summary graph.  

The scale 

parameters are for 

the cleaned data.   

 

This graph is 

produced via the 

Automated Weibull 

Parameter 

Estimation macro. 
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Step 2. Cont’d                                                                   .   

Output of the Automated Routine  
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This screen shot 
shows the 3 types of 
files created by the 
automated routine: 

 

1. The JPG summary 
graphs (like the 
one the previous 
slide).  

2. The parameters 
file(s) (with a date 
of update suffix). 

3. The MeanVsSprint 
graph. 



Step 2. Cont’d                                                                   .    

Output of the Automated Routine  

• Contents of the CSV file containing the 

parameter estimates: 
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Step 3                Limits File 

• Using the output from the Step 2. (automated 

parameter estimation), create or update the Limits 

file that will be used by the control charting routine. 
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Step 4      Create the Control Chart 

• Yield data are usually very non-normal 

• A practical approach to alarming is: 

• Set a Lower Control Limit based on the 

Xth Percentile of the fitted Weibull 

Distribution – eg. 5th Percentile 

• Say that a point is in Alarm if: 

• The point is below the Lower Control Limit 

(LCL) and 

• The previous point is below the LCL 
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Step 4      Create the Control Chart 

• If say 5% of the data had been cleaned and you use 

the 5th Percentile for the LCL, then 10% of the data 

should be below the LCL, making the chances of a 

single point being below the LCL to be 1 in 10.  The 

chances that 2 points in a row (if they were 
independent)  would be below the LCL would be 

about 1%.  You can adjust the criteria to suit.  

• This approach does not “ring the bell” for a single 

low yield data point.  Often if you have very low 

yield for one day or shift, you know the reason or 

will start investigating right away.  
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Step 4      Create the Control Chart 

• The macro to create the control chart 

should 

• Read in the latest data 

• Read in the limits file (with the Scale and Xth 

Percentile values). 

• Plot the latest results circling the points in alarm 

based on the criteria of 2 points in a row below 

the Lower Control Limit. 

• Store the control chart as a JPEG file to a shared 

drive so it can be linked to a web page and 

reviewed as needed. 
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Step 4.         
The Control Chart created by Auto-Job 
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This is a “practical” (and 
custom!) approach to 
control charting. 



Step 5       Schedule the control 

charting routine 

• The web site http://minitabmaestro.com/ has 

information on how Minitab “Auto-jobs” work. 

• If you have a dynamic product wheel you may want 

to have the parameter estimation macro also run on 

a scheduled basis.  That way if you see a new 

machine centre – product  combination start 

running (i.e. there are no control limits on the 

control chart), then you can refer to the already 

analyzed parameter estimation data and use it to 

update the limits - as soon as you have enough data 

to have some confidence in the parameters. 
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http://minitabmaestro.com/
http://minitabmaestro.com/


Potential Roadblocks 

• What if the automatic cleaning process does not yield 

a good fit to the Weibull Distribution? 

• You can try different criteria.  However, if you have trouble 

“hand fitting” the data to a Weibull distribution, then you may 

need to look to a different distribution &/or approach 

• Machines or Lines of same design vs different design 

– approach to estimating parameters 

• If you have multiple machines of the same design you should 

analyze them separately first to see if the assumption that the 

data can be lumped together and one set of parameters 

estimated for each machine – product combination is 

reasonable.   Parameters based on Machine Design Type – 
Product  combinations have the advantage that if a product 

moves to a new machine of the same design type then you 

can start control charting right away. 
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The Macro Code – Parameter 

Estimation Routine 
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My text editor (EditPad Pro) provides the colour coding – 
which is very helpful for catching typos and improves the 
readability of the code immensely.   The code shots that 
follow ONLY show the comments.  The detailed code has 
been “folded”.  (Another feature of the text editor).  



The Macro Code – Parameter 

Estimation Routine 
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The Macro Code – Parameter 

Estimation Routine 
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The Macro Code – Parameter 

Estimation Routine 
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The Macro Code – Parameter 

Estimation Routine 
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The Macro Code – Parameter 

Estimation Routine 
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The Macro Code – Control Charting 
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The Macro Code – Control Charting  

cont’d 
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