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Case Study 22       Equipment Maintenance Database

Equipment Maintenance Database

Problem Description

In manufacturing plants, managers are responsible for setting the equipment maintenance schedule. This process is challenging, especially when the managers have limited resources on hand. In building the schedule, the managers should consider the following issues: specific maintenance requirements for the equipments, availability of the maintenance employees, etc. It is important to understand that in a plant there are a number of equipments, and each one has its own required shutdown or breakdown maintenances. Shutdown maintenances are planned and are therefore easy to handle. However, breakdown maintenances are unplanned and hence disturb the maintenance schedule. On top of that, it is very difficult to analyze the behavior of equipments and predict when a breakdown will happen. 

The objective of this project is to build a decision support system that will facilitate the process of building maintenance schedules in manufacturing plants. The system will enable managers to make the right decisions by doing the following: (a) keeping record of maintenance performed on different machines; (b) creating reports about the equipments that require maintenance as well as the type of maintenance required; (c) analyzing the breakdown maintenance for equipment, determining root causes, and deciding the replacement required; (d) preparing the maintenance schedule based on certain business rules; etc.

Database Design
We present below the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.
1. Equipment: The main attributes are identification number, name, description, location, purchase cost, purchase date, estimated cost of a breakdown, average man-hours required for a shutdown maintenance, expected lifetime, etc.

2. Component: The main attributes are component number, name, purchase date, expected lifetime, inventory level, unit cost, name of the company that produces this component as well as the name and telephone of the contact person, etc.  

3. Employee: The main attributes are social security number, name, address, department, specialty, employment date, etc.

4. Maintenance: The main attributes are identification number, name, type (shutdown or breakdown), description, total man-hours required, etc.

5. Maintenance Company: The main attributes are identification number, name, address, name and telephone number of the contact person, description of the maintenance services it provides, etc. 

Note the following: (a) A maintenance company is hired in the case of a severe equipment failure that cannot be handled by the maintenance employees; (b) When maintenance is performed on equipments, the following information is recorded in the database: maintenance date and time, amount of time to repair the equipment, amount of time the equipment is down, name of the major component replaced, cost of maintenance, description of the process, etc; (c) Components are part of equipments. The company uses components to replace damaged parts of equipments. When a component is used, the following information is recorded: replacement date, man-hours used, quantity used, etc.   

Access Application Development

The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:

Queries:
1. List all the maintenance work performed on particular equipments. For each maintenance work, display the following: number of hours the equipment was down, name of the employee or maintenance company involved, and major component(s) replaced. The query should prompt the user for the identification number of the equipment.

2. The table Equipment does not keep information about the average number of breakdowns per month. Create a new field in the table Equipment called “Average breakdowns.” Build an update query that calculates the average number of breakdowns per month per equipment and inputs this information in the field “Average breakdowns” of the table Equipment.

3. List all the equipments that require high maintenance. Equipments are classified as “high maintenance equipment” if the cost of a breakdown is more than $2,000. Also, equipments that break down more than three times a month are considered “high maintenance equipment.”     

4. Create a query that prompts for the social security number of a particular employee and returns a list of shutdown/breakdown maintenance services that the employee participated in. For each maintenance service, present the following: date, description of the service provided, employee skills required, etc.   

5. Prepare a monthly maintenance schedule. The following queries help with this process:

a. For each equipment list the following: average number of breakdowns per month, the most common type of breakdown, average man-hours required repairing the “most common type of breakdown,” and average man-hours required for maintenance. Sort this information in such a way that at the top of the list would be the “high maintenance equipments.” These equipments have higher priority.

b. Create a crosstab query that presents for each employee the type of maintenance/repair that this employee is qualified for. 

c. Create a crosstab query that presents for each maintenance company the type of maintenance/repair the company is qualified to perform.  

The information from these queries will enable the managers to create the maintenance schedule. The process goes as follows: the first equipment in the list created in (5.a) is “high maintenance equipment” that needs, say, four maintenances in a month. The managers decide to schedule maintenance for this equipment every Monday. Query (5.b) is used to identify the employee(s) who would perform the maintenance service. Once the maintenance schedule for the first equipment in the list is prepared, we proceed with the next equipment. Note that the employees who are scheduled to repair the first equipment will not be available on Mondays for as long as it takes to perform the service. The time needed can be identified using the information about “average man-hours required for maintenance” from (5.a).     

Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: equipment, maintenance, employee, etc. These forms allow the user to add, update, and delete information about equipment, maintenance, employees, etc.

3. Create a form that allows the user to choose the name of equipment from a combo box. Create a subform that presents a list of the shutdown maintenances performed on this equipment in the last six months. For each shutdown maintenance service, present the following: maintenance date, description of the service provided, amount of time the equipment was down, and cost of maintenance. Create another subform that presents a list of the breakdown maintenance performed on this equipment in the last six months. For each breakdown maintenance service, present the following: maintenance date, description of the service provided, amount of time the equipment was down, and cost of maintenance. Use a textbox to present the following: the total cost of shutdown maintenance services, the total cost of breakdown maintenance services, and the overall cost of maintenance in the last six months. Insert a command button that, when clicked-on, lists the maintenance company that performed most of the breakdown repairs for this equipment. 

4. Create a form that allows the user to browse through the information recorded in the table Equipment. Create a subform that for the selected equipment presents a list of the components it consists of. For each component, present the following: component number, name, replacement date (if it has ever been replaced), cost, etc. 

5. Create a form that allows the user to choose from a list box the name of a shutdown maintenance service. Create a subform that lists the names of the employees who are qualified to perform this service. For each employee, present the following: social security number, name, and department. In the same form include another list box that allows the user to choose the name of a breakdown maintenance service. Create a subform that lists the following information about the maintenance company that can perform the service: name of the company and name and telephone number of the contact person. Insert a command button that, when clicked-on, prompts for the social security number of an employee and returns a list of the maintenance services that this employee participated in. For each service, present the following: service date, description, skills required, etc. 

Design a logo for this database. The logo may contain the picture of an equipment, etc. Insert this logo in the forms created above. Have the background color of the forms light green and the border color for the titles yellow. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports
1. Prepare a report that presents the major components that have been used beyond their expected lifetime. For each component, present the following: component number, name, name of its supplier, and supplier’s telephone number. This information is important in deciding whether the same component will be used again or if it should be replaced.

2. Create a report that prompts the user for the identification number of an equipment and returns a list of the breakdown and shutdown maintenance services performed in the last six months. For each maintenance service, provide the following information: date, service description, name of the employee (or the maintenance company) who performed the service, etc.

3. Use the chart wizard to plot the following:

a. The total number of shutdown maintenance services performed per month during the last twelve months.   

b. The total number of breakdown maintenance services performed per month during the last twelve months.   

c. The total cost for shutdown maintenance services performed per month during the last twelve months.   

d. The total cost for breakdown maintenance services performed per month during the last twelve months.   

e. The total number of breakdown maintenance services of “high maintenance equipments” per month during the last twelve months.

f. The total cost of breakdown maintenance services of “high maintenance equipments” per month during the last twelve months.

g. Identify the component that has the highest number of breakdowns. For this component, plot the total number of replacements per month during the last twelve months.   

Visual Basic.NET Application Development

This database application can be used by managers, employees, etc. In the following figure we present a tentative layout of the system. 


In the welcome screen, the user can choose one of the five options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important. We suggest that the queries, forms, and reports already created in the Access Application Development section be included in here.

Employees & Maintenance Co.: Managers browse this part of the database in order to: (a) learn about the skills of a particular employee; (b) identify the employees that can perform a particular shutdown/breakdown maintenance service; (c) identify the companies that can perform a particular breakdown maintenance service; etc.

Equipments & Components: Managers and employees browse this part of the database to learn about: (a) the inventory level of a particular component; (b) the maintenance service schedule of a particular equipment; etc.   

Statistics, Graphs & Data Analysis: Managers often visit this part of the database to identify trends in: (a) the number of breakdown of particular equipments; (b) the number of breakdown of a particular component; etc. 

Maintenance Schedule: Managers and employees browse this part of the database to learn about the maintenance schedule. The information provided in here helps the managers to schedule the maintenance of particular equipments. Employees visit this part of the database to learn about their weekly work schedules.     

Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about equipments, components, employees, etc.

Web Extension
A user may access this database from personal computers at home or in the office. The user could be an employee, a manager, a maintenance company, the database administrator, etc. The employees should be able to search the database to identify their weekly schedules. The information provided in this database should help the managers decide on the shutdown maintenance service schedule. Only the database administrator can have access to the update forms.

Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.



































































22

















































































































































































































� EMBED Equation.3  ���













































































































































































































































































































































































































































































Welcome Screen





Employees & Maintenance Co.





Equipments & Components 





Updates





Present Results 





Exit the Database





Login Req.





Maintenance Schedule





Statistics, Graphs & Data Analysis 



































































































































































































































































































































































































































































































































































































































_1142440689.unknown

