IE 538 Study #4:  Process Control Experiment

Objectives

To measure performance, strategy and workload in a simple simulation of a discrete manufacturing task., e.g  To determine whether use of an SPC-based procedure will lead to better control, and find reasons why or why not.

Rationale

Tasks in industry often require control skills to ensure quality output.  In most tasks, there are multiple output and intervening variables that are affected by multiple control settings. In this project, we study the effects of procedures on maintaining within specification the output of a naturally-varying process. You will need to read the literature on Human Factors in process control and in quality control to find models appropriate to this task.  Our aim is to measure the performance and strategy of operators using a simple simulation of a process where a single dimension has to be controlled.

Program Overview

A QUICKBASIC program, SQCSIM4.EXE, is available which allows the operator to make control inputs to a machine and observe the result, while producing parts for shipment to a customer.  Figure 1 gives the menu structure of the program.  An auxiliary program, SQCGEN.EXE allows us to generate new “machines” with specific characteristics and cost structures.

This program simulates a machine that has a natural part-to-part variability, sigma, and is subject to three additional sources of variation:

1.  A slow drift in one direction, similar to tool wear in machining.

2.  Sudden jumps of random direction, similar to changes in raw material quality.

3.  A sudden increase in variability, as when a major fault occurs in the machine.

The operator’s task is to keep all the shipped items within the specification limits despite these four challenges.  Operators are always started with the machine in control.  As parts are produced, operators can change the machine’s mean, at relatively low cost, or perform a new set-up procedure on the machine to get the natural variability back to normal, at higher cost.  Similarly, they can sample the output from the machine, again at a cost.  They can also 100% inspect all parts produced, at considerable cost, and even rework oversize parts for less cost than scrapping them.

At the start of the program, you are prompted for the machine name and the name of the file for storing the data collected on the operator’s actions during the run.  Do not give extensions to these file names, the program adds .DO extensions for you.  You will get instructions on which specific machine your group should use.  When the program starts, there is a screen showing the current state of the run and the main menu choices:

PARTS= 0 
SHIPPED= 0

OVER= 0 

UNDER= 0 
UNSORTED= 0 
COST= 0

CHOOSE OPTION: 
1. MAKE 1 PART & INSPECT

              

2. MAKE MANY PARTS

               

3. CHANGE M/C SETTING

              

4. EVALUATE UNSORTED PARTS

               

5. END OF RUN

CHOICE?

This shows the number of parts made, the number accepted and shipped to the customer, the number of oversize and undersize parts, the number remaining unsorted, and the current total cost of the run. These numbers are updated as the run progresses. When “End of Run” is chosen from the main menu, the final outcome is presented to the operator in terms of percent defectives shipped and total cost.

Program Details

When operators make choices, they are prompted by the second-level menus shown in 

Figure 1.
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Figure 1.   The following gives the effects of each branch of the figure.

1. Make and Inspect One Part:  A single part is produced and measured immediately, giving the output as:

PART MEASURES  -6.43   AND IS  GOOD

PRESS ANY KEY TO CONTINUE

A single part is added to the “Shipped” bin if good, or the “Under” or “Over” bins if defective.

2.   Make Many Parts: The program asks:


HOW MANY PARTS TO MAKE?

Select a number greater than zero, and the program replies:

20  PARTS PRODUCED.

PRESS ANY KEY TO CONTINUE

Pressing a key returns you to the main menu

3.   Change Machine Settings

This allows you to change the process mean by a specified amount or to bring the process variability back to its initial level.  The first prompt is:

D0 YOU WANT TO:

 
 1.CHANGE MACHINE SETTING, COST=$5

 
 2.FIND & CURE EXCESS VARIABILITY, $40

CHOICE?

If you select the first alternative, you are asked how much you want to change the process mean:

WHAT SIZE CHANGE (e.g. 2,3,-2 etc)?

Enter the amount you want to change the process mean and that amount will be added to or subtracted from the current process mean:

SETTING CHANGED BY  5

PRESS ANY KEY TO CONTINUE

Which returns you to the main menu and increases the total cost by the given amount.

If you select the second alternative to FIND & CURE EXCESS VARIABILITY then the program resets the current standard deviation to its initial value and reports:

EXCESS VARIABILITY CURED, M/C SET TO 0

PRESS ANY KEY TO CONTINUE

which returns you to the main menu.

4.   Evaluate Unsorted Parts

This is where you decide what to do with the parts in the “Unsorted” bin.  The sub-menu is:

CHOOSE OPTION: 
1. SORT ALL PARTS

            
 

2. ACCEPT ALL PARTS

               


3. REJECT ALL PARTS

               


4. MEASURE SAMPLE PARTS

               


5. REWORK OVERSIZE PARTS

CHOICE?

1. SORT ALL PARTS:  If you choose to sort all unsorted parts, you are sure of the outcome (i.e. the inspection is reliable) but it is a relatively expensive alternative.  The program gives:

26 parts sorted @ $ .7 each.

PRESS ANY KEY TO CONTINUE

Which takes you back to the main menu where you can see the updated totals of parts and costs.

 2. ACCEPT ALL PARTS:  This accepts all the unsorted parts without inspecting them.  Choose this alternative when you are sure all the unsorted parts are good.  No additional cost is incurred.  The program responds:

26 parts accepted.

PRESS ANY KEY TO CONTINUE

3. REJECT ALL PARTS:  Similarly, this option rejects all unsorted parts without inspecting them.  This would be appropriate where you know the parts are defective. No additional cost is incurred.  

26 parts rejected.

PRESS ANY KEY TO CONTINUE

4. MEASURE SAMPLE PARTS:  Here you can choose to sample from the unsorted bin to get an idea of current quality.  The program samples the most recent parts.  You are prompted for the number of parts to sample:

THERE ARE  40  PARTS UNSORTED.

HOW MANY TO MEASURE?

Select a number less than or equal to the number unsorted and the program responds with measurements of your sample:

RESULTS:  
1  UNDER

         


4  GOOD

          


0  OVER

         


-4.794  =MEAN

          


26.712  =RANGE

PRESS ANY KEY TO CONTINUE

Which returns you to the main menu.  Any parts sampled are placed in their correct bins, so that in the example above, one would be rejected (for under size) and four would be placed in the “Shipped” bin.  With the information from the sample, you are in a better position to decide what to do with all of the other parts in the “Unsorted” bin.

5. REWORK OVERSIZE PARTS:  This allows you the re-machine oversized parts at less cost than scrapping them.  The machine responds:

2  PARTS REWORKED @ $ 2  EACH

PRESS ANY KEY TO CONTINUE

Which returns you to the main menu and updates the bin contents and costs.

5.   End of Run

Choosing to end the run does two things, it provides output for the operator and writes all data to a file for later analysis.  The output to the operator is:

FINAL RESULTS:

     PARTS MADE= 71

     PARTS SHIPPED= 69

     DEFECTIVE PARTS SHIPPED= 13

     COST / PART= 2.894

     % DEFECTIVE= 18.8

     TOTAL COST= 205.4998

PRESS ANY KEY TO CONTINUE

Note that this was not a good result, with lots of defective parts shipped to the customer!

The file name you chose earlier now contains output which looks like the following (only first ten lines shown):

1,0,0,3,0,1,0,2.359375

2,1,0,3,-5.116872,0,0,2.359375

3,1,0,3,-5.116872,2,20,4.890625

4,2,0,3,-3.417071,0,0,7.800781

5,3,0,3,-.8798862,0,0,7.800781

6,4,0,3,-.4503779,0,0,7.800781

7,5,0,3,3.79747,0,0,7.800781

8,6,0,3,-1.276717,0,0,7.800781

9,7,0,3,-9.817229,0,0,7.800781

10,8,0,3,-.9097552,0,0,7.800781

Data has been placed in a text file delimited by commas to make it easy to process in a variety of systems.  The easiest way to tidy it up is to use a conversion from text to table, e.g. in Word:

	1
	0
	0
	3
	0
	1
	0
	2.359375

	2
	1
	0
	3
	-5.116872
	0
	0
	2.359375

	3
	1
	0
	3
	-5.116872
	2
	20
	4.890625

	4
	2
	0
	3
	-3.417071
	0
	0
	7.800781

	5
	3
	0
	3
	-.8798862
	0
	0
	7.800781

	6
	4
	0
	3
	-.4503779
	0
	0
	7.800781

	7
	5
	0
	3
	3.79747
	0
	0
	7.800781

	8
	6
	0
	3
	-1.276717
	0
	0
	7.800781

	9
	7
	0
	3
	-9.817229
	0
	0
	7.800781

	10
	8
	0
	3
	-.9097552
	0
	0
	7.800781


Putting headings on these columns gives:

	Event Number
	Cumulative Part No
	Process Mean
	Process SD
	Part Size
	Event Type
	Qualifier
	Event Time, s

	1
	0
	0
	3
	0
	1
	0
	2.359375

	2
	1
	0
	3
	-5.116872
	0
	0
	2.359375

	3
	1
	0
	3
	-5.116872
	2
	20
	4.890625

	4
	2
	0
	3
	-3.417071
	0
	0
	7.800781

	5
	3
	0
	3
	-.8798862
	0
	0
	7.800781

	6
	4
	0
	3
	-.4503779
	0
	0
	7.800781

	7
	5
	0
	3
	3.79747
	0
	0
	7.800781

	8
	6
	0
	3
	-1.276717
	0
	0
	7.800781

	9
	7
	0
	3
	-9.817229
	0
	0
	7.800781

	10
	8
	0
	3
	-.9097552
	0
	0
	7.800781


A row is produced for each event, either a part being produced or an operator input, with the event number in column 1.  Column 2 shows how many parts were produced up and including to that event.  If a part was produced by the event, column 2 increases by one part: if the event was an operator input (e.g. the first row of the table above) column 2 repeats the same value.

Columns 3 and 4 give the true process mean and standard deviation at that event.  From these you can see when the process parameters changed, and hence what the operator should have done to control the process.  Column 5 shows the actual part size produced at that event.  If no part is produced, then column 5 reads zero

The next two columns provide data on actions taken by the operator.  Column 6 gives the choice number from the main menu, for example “1” for “MAKE 1 PART & INSPECT”.  If there are additional choices, then these are given by two-digit codes in column 6, where the first digit represents the choice from the main menu and the second the choice from a subsidiary menu.  For example “31” is choice 3 from the main menu “CHANGE M/C SETTING” followed by choice 1 from the sub-menu “CHANGE MACHINE SETTING, COST=$5”.  If any further input data is needed to specify the operator action, this is given by a qualifier in column 7.  Thus when choice 2 is made at the main menu “MAKE MANY PARTS”, the number of parts chosen is needed.  As shown in the data table above, this appears in column 7, here as “20” for a choice of 20 parts produced.

The final column gives the time in seconds since the start of the run.  You can see when many parts are made at the same time by looking for a constant time for a number of events.  You can even plot cumulative parts against time (column 2 vs column7) to show the pattern of part production, e.g. using a MINTAB graph:

[image: image1.wmf]1. MAKE 1 PART

AND INSPECT

HOW MANY

PARTS TO

MAKE?

2. MAKE MANY

PARTS

FIND AND CURE

EXCESS

VARIABILITY

CHANGE

MACHINE

SETTING

3. CHANGE M/C

SETTINGS

1. SORT ALL

PARTS

2. ACCEPT

ALL PARTS

3. REJECT

ALL PARTS

HOW MANY

TO MEASURE?

4. MEASURE

SAMPLE

PARTS

5. REWORK

OVERSIZE

PARTS

4. EVALUATE

UNSORTED PARTS

5. END OF

RUN

MAIN MENU


Here the parts were produced in sets of 20 – 50 at a time by an operator whose strategy was to let the process run for such sets and then evaluate each set produced.

Methodology

You are to use this simulated process to see how people approach process control.  One example of an experiment uses both a set of trials with no guidance to operators, and a second set of trials where you have specified a procedure using SPC techniques to keep the system under control. You will also collect data on a couple of rather extreme strategies for running the process.  To run the experiment, you need to make design choices.  What are the process parameters?  Who are the operators?  How do you instruct them?  How much practice do you give them?  Will you use the same operators for both parts of the experiment?

I would suggest as a starting point that for each operator you provide a proper briefing from a written (or even video?) set of instructions, and then give them multiple trials of the task in which they are to ship a certain number of parts, e.g. 500. 

The measures taken on each run are the percentage of defective parts shipped, the mean cost per part shipped, and the time taken for the run.  All of these except the time are available on the operator’s final feedback screen, which remains on the monitor until you press a key to prepare for another run.  To find out the operator’s strategy, examine the output file, which includes the time to complete the task.  After the final run, give each operator a structured interview to find out what strategy they claim to have used on that run.  Ask how they chose the batch size, the sampling policy, the changes to machine settings, and the decision rules for disposing of the unsorted parts.  These can be compared with the actual strategy recorded by the data file for the run.  You may want to query operators on what they know about the process.

It is also instructive to see how well extreme strategies work.  One, the “make and sort” strategy represents a batch process where all parts are made without controlling the process, and later 100% sorted to protect the customer from defects.  This would use Choice 2 on the Main Menu, with the whole batch (e.g. 500 parts) made in a single choice, followed by Choice 4's ’Sort all parts" option.  The other extreme strategy is the “one-at-a-time” strategy, where you make parts singly, inspecting each part as you go and making process changes when you think they are needed.  This would use Choice 1 on the Main Menu, followed by process changes (Choice 3) as required.  You probably do not need to use experimental participants for the “make and sort” strategy as there are no operator decisions to be made.

Analysis

You will have multiple performance and strategy measures to analyze.  You will need to discuss the correct ANOVA model in your group.
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