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Case Study 35       Managing Product Quality

Managing Product Quality

Problem Description

A new challenge that businesses are facing these days is increased customer expectations. Because of the competition, customers expect products of good quality at a good price. This fact pressures companies to find ways to improve the quality of their products and processes. The aim of this project is to build a decision support system that will enable the user to identify ways to improve product quality while keeping costs down. 

For the purpose of this project we give an example, propose a mathematical model, and demonstrate how to build a support system to manage the quality problems. The objective is to minimize costs while keeping product quality within certain limits.   

Example 

“Rock Co.” is a company that produces Flowable Fill, a ready-mix product used by many construction companies. The quality of this product is determined by its curing time, strength, excavatability, etc. The product is produced using cement, fly ash, admixtures, etc. The quality characteristics of this product are influenced by the amount of raw materials used. The engineers have identified models that express the relationship between the quality characteristics of the final product and the quantity of raw materials used. The managers are interested in identifying the best combination of ingredients to produce the final product. 

Mathematical Model

We use the following notation:

I
total number of products

J
total number of ingredients

K
total number of product characteristics (e.g., strength, curing time, etc.)

di 
demand for product i
cj
unit production cost of ingredient j
qik
level of characteristic k on product i 


Bj
total amount of ingredient j available

lbik
minimum requirement of characteristic k in product i 

ubik 
maximum requirement of characteristic k in product i. 

The decision variables are as follows:

uij
amount of ingredient j needed to produce one unit of product i.
The level of characteristic k on product i depends on the amount and mixture of the ingredients used to produce the final product. Below we present the equation that is used to quantify qik.  
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Where (ik, (ijk, (ijkl are coefficients that demonstrate the relationship between product quality and quantity of the ingredients used. 

The following is a mathematical formulation of this problem.
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The objective is to minimize costs. The second set of constraints shows that the amount of ingredient j used to produce the final products is bounded by the amount of ingredient j available.  The third set of constraints shows that product characteristics should be within certain limits to ensure good quality. The fourth set of constraints shows that demand should be satisfied. The last set of constraints is the non-negativity constraints.

Excel Spreadsheets
1. Build a spreadsheet that presents historical data about the amount of ingredient j (j = 1,…J) used to produce one unit of product i (uij). For each combination of ingredients in product i, present the corresponding level of characteristic k achieved (qik). 

2. Build a spreadsheet that presents the demand for all final products.

3. Build a spreadsheet that presents the unit cost and availability of each ingredient.

4. Build a spreadsheet that presents the upper and lower bound on the requirement about the quality (characteristic k, for k =1,...,K ) of each product.

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions to help you design this form. In this form insert two option buttons. The user has the choice to select whether to read the data from a file or manually enter the data. Include a command button that, when clicked on, performs these actions: 
a. If the user chose to read the data from a file, a text box should appear where the user types in the name of the file.

b. If the user chose to enter the data manually, three text boxes appear where the user types in the following: the total number of products considered, the total number of ingredients, and the total number of product characteristics. Upon submission of this information, four tables appear. The user types in these tables the information presented in the spreadsheets described above.   

3. Build a data analysis form. The following are suggestions to help you design this form. 

a. Include a text box where the user types in the location of Spreadsheet 1. Insert a command button that, when clicked on, uses the regression analysis tools of Excel to identify the relationship between product characteristics and the amount of each ingredient used. The results from this analysis are used to identify coefficients (ik, (ijk, and (ijkl (i = 1,…,I; j  = 1,…,J; k= 1,…,K; l = j,…,J). 

b. Insert a command button that, when clicked –on, solves the problem using the mathematical model presented above and opens Form 4, described below.

4. Build a form to present the results of this study. Include a frame that has a number of option buttons to allow the user to open the reports described below. Include another frame, titled “Sensitivity Analysis,” that has a number of option buttons to allow the user to select a parameter for the sensitivity analysis. For example, the user might be interested in identifying the sensitivity of the optimal solution with respect to the availability of an ingredient (for example, cement).    
Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Build a report that presents the total cost of producing the final products that have quality characteristics within the pre-specified levels.

2. Report the name of the ingredients and the corresponding quantities that should be used to produce product i (i = 1, …,I) in such a way that total costs are minimized and the desired quality level is maintained.

3. Report the results from the sensitivity analysis. 
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