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Abstract
This paper presents an evaluation for the importance of computerized maintenance management system (CMMS) implementation in the Egyptian industry. The evaluation process requires designing a questionnaire able to collect data from respondents. The study covers various fields of production sectors. 
1. Introduction
Over the past twenty years, maintenance has changed. Today management can no longer look upon maintenance as only a subsidiary function, but as main tools of planned productivity. Effective plant management requires that all variables information regarding a production process or item of equipment be readily available. The difficulties in being able to quickly access information, generates work order, and track prices and progress has led to inefficient and costly maintenance. [1]
With the wide use of computer systems, all the previous difficulties were eliminated. Collecting of data, analyzing it, and managing maintenance operation and activities become simpler by the aid of Computerized Maintenance Management System. [2]
The need for and use of a CMMS is not specific to any one industry or type of application. Any industry requiring equipment and/or asset maintenance is a potential candidate for using a CMMS. [3] 

Opposing the CMMS acquisition are the internal roadblocks that stand in the way of the system purchase in Egyptian companies. This opposing related to attitude that the Company is not in need of a system – This attitude suggests a basic lack of understanding of the true benefits and functions of CMMS. Unfortunately, most Egyptian industries are still working without CMMS. 
2. CMMS practice in Egypt
Today, the pressure on maintenance is at an all-time high due to "just-in-time" production schedules. When any piece of vital (or "bottleneck") equipment breaks down, everyone in the plant looks to the maintenance department to fix it immediately. If production suffers, revenue suffers. Because of "just-in-time" arrangements, customers also suffer.

The purpose of a CMMS is to help you increase maintenance efficiency. A CMMS provides a central database for essential maintenance information. Most CMMS systems track work orders, labor information, purchasing, inventory, and other areas of maintenance. [4]

In most of Egyptian industrial organizations, maintenance managers still use a traditional, paper-driven maintenance system that cannot effectively track the hundreds of work orders crossing desks each week. Each work order contains information that will affect labor hours, inventory, purchasing, and ultimately production. A small inefficiency in a maintenance operation can lead to enormous problems for the plant. These problems can be summarized as follows [2]: 
· Improper or dangerous maintenance techniques.

· Increased production downtime, due to equipment failure.

· Shortages of spare parts.

· Confusion on the location of equipment.

· Insufficient data on the costs of failure.  

· Incomplete information going to purchasing, payroll, or inventory.
CMMS is the way toward proactive maintenance. Managers realized that to compete at an international level, they have to take a proactive approach to maintenance planning. They realized that reactive maintenance leads to unreliable capacity, resulting in interrupted work schedules, increased downtime, poor quality, increased costs, and decreased profits. [5]
The transition to CMMS will require a substantial investment. The return on this investment will be dependent on the suitability of the selected software package, the effectiveness of its implementation and the commitment of all personnel to the new system. CMMS can achieve the following: [6]
· Increased plant availability - by reducing down time. 
· Lower operating costs - by reducing overtime.
· Prolonged asset life - by more effective maintenance. 

· Reductions in spare part inventory - by identifying parts through links to equipment 

· Much improved control over preventive maintenance schedule and documentation. 

· Simplified access to maintenance data and statistics - through report generator.

3. CMMS and maintenance strategies
With the repaid revolution on engineering, different kinds of maintenance strategies have been put into service in power system. The term maintenance strategy is generally viewed from the prospective of maintenance policies and concepts.  These policies can be traced as follow. [7]

3.1 Corrective Maintenance (CM):

Corrective or Run-to-failure is a reactive maintenance technique that waits for machine or equipment failure before any maintenance action is taken. It is in truth a non-maintenance approach of management. [8]

3.2 Preventive Maintenance (PM):
In this kind of maintenance, items are replaced or restored to their optimal working condition before a failure is allowed to occur. This policy can be based on period of usage or cycle time. The schedule is often drawn up on the suppliers recommendation, which usually only considers limited knowledge of the actual location condition. Therefore, it is often better to draw from experience a preventive maintenance schedules that minimize resource consumption and maximize availability. [9] 
CMMS can help to implement preventive maintenance tasks. Before, very often machinery is forgotten until it fails. CMMS will prompt that this equipment is ready for routine maintenance. [10]

3.3 Condition Based Maintenance (CBM):
A replacement policy which ensures the maximum utilization of the useful life of a component before its preventive replacement is an important options especially for large and costly components. [11]  

The advancement of condition-based maintenance makes it feasible to obtain the exact hazard rate and assess the equipment condition by integrating prediction tools such as embedded sensors (Vibration monitoring, and oil analysis are some of the condition-monitoring techniques that are employed in CBM). Maintenance actions are not considered until there is an obvious need. [12]
CMMS is now a central component of many companies’ maintenance departments. It offers support on a variety of levels in the organizational hierarchy. It can support condition based monitoring (CBM) of machines and assets to offer insight into wear and imminent failures. Managers can rapidly discover which machines are causing problems, where overspend is taking place, and so on. [13]
3.4 Reliability-Centered Maintenance (RCM):

RCM is a design-centered methodology (Reliability by design). This means enhancing asset reliability by focusing on design. RCM is a structured methodology for determining the maintenance requirement of a physical asset. Application of RCM requires a full understanding of the functions of physical assets, and the nature of failures related to these functions [8]
3.5 Total Productive Maintenance (TPM):

TPM is a people-centered methodology (Reliability through the operator). It aims to reduce failures, setup losses, and any causes of poor or reduced production by involving the operators in maintenance work and enlarging their job responsibilities. TPM provides the frame of a productive work environment where all employees of an organization via small group teamwork activities carry out the maintenance work continuously from the recording of problems to their elimination or minimization. [14] 

The CMMS is an invaluable tool for the successful implementation of these strategies. For the purposes of TPM and RCM, The CMMS was found particularly useful in. (1) Supporting and organizing the handling of huge amounts of information. (2) Providing readily available historical information, statistics, trends and graphs. (3) Improving communication between the TPM personnel. [15]

4. Fundamental functions of CMMS
The computerized maintenance management system supports the planning and controlling of maintenance. It has different functions to meet the specified user requirements, the fundamental functions of CMMS can be summarized as follow [10]:
4.1 Work Order Management
CMMS can generate work orders automatically, in which such information can be include as maintenance workers, inventory items, and tools.

4.2 Preventive Maintenance Management
CMMS can help to implement preventive maintenance tasks. Preventive maintenance is essentially a list of work orders that have to be performed at a certain time interval or based on some meter reading (predictive maintenance). 
4.3 Store Management
CMMS allows the users to track materials in storerooms. This is often referred to keep a balance. Thus, they guarantee that all spare parts needed are available and try to decrease the cost of inventory. 
4.4 Assets Management
Usually CMMS allows the users to track and enter all of the equipment at the facility. Information about equipment such as manufacturing information, installation information, operation information, and maintenance information is also included. 

4.5 Labor Management:
By using CMMS managers can build a significant amount of useful information. The information may include labor experiences, training and job description. 

Another two important functions for CMMS are [6]:
4.6-Condition Monitoring
 Condition monitoring is a form of predictive maintenance where continuous monitoring of the condition of specific areas of plant and equipment takes place. When any pre-defined limit is exceeded, an alarm output is turned on. This alarm output can be input to a CMMS so that a work order will be generated immediately. Typical conditions, which can be monitored, are temperature, vibration, over voltage or current and liquid level; in fact any condition that can be detected by a sensor. 
4.7 Statistical Data and Reports
It is a fact that in any system, whether it is manual or computer based, the information which can be output from the system, is only as good as that which has been input. In a good system there will be extensive information readily available for fault analysis, costing, and work statistics. This is one of the most important functions of a CMMS system.
5. Questionnaire design
Evaluation the importance of CMMS implementation requires a data collection mechanism. A questionnaire, whether it is called a schedule, interview form, or measuring instrument, is a formalized set of questions for obtaining information from respondents, usually within closely defined alternatives. Designing questionnaires is an art and not a science. The real challenge is to develop questions that are indeed not leading or ambiguous. 
5.1 Specifying the Information Needed   

The first step in questionnaire design is to specify the information needed. This is also the first step in the research design process [16]. The required information is to know the extent of importance of each function available in CMMS packages for targeted companies.
5.2 Specifying the Type of Interviewing Method

The type of interviewing method influences the questionnaire design. In personal interviews, respondents see the questionnaire and interact face to face with the interviewer. Thus, lengthy, complex, and varied questions can be asked. Mail questionnaires are self administered, so the question must be simple and detailed instructions must be provided [16]. The questionnaires will administer to the respondents at the work place. At the same time, some questionnaires will send to the respondents by e mail.
5.3 Determining the Content of Individual Questions
Once the information needed is specified and the type of interviewing method decided, the next step is to determine individual question content. Every question in a questionnaire should contribute to the information needed or serve some specific purpose. If there is no satisfactory for the data resulting from a question, that question should be eliminated. [17]
The questions are divided into six sections, each section contains several questions. 

- Initiation and authorization of work
- Preventive and predictive maintenance

- Planning and scheduling

- Purchasing parts and stores

- budgeting and work measurement

- supporting computer system
5.4 Overcoming the Respondent's Inability to Answer

Researchers should not assume that respondents can provide accurate or reason answers to all questions. The researcher should attempt to overcome the respondents' inability to answer [18].    
The respondents are informed about the purpose of the study in order to convey its importance and to alleviate any trepidation that is likely to have. This is by: 

· This survey is a part of research currently taking place at Arab Academy.
· The main objective of the research is to evaluate the importance of computerized   maintenance management system implementation in the Egyptian industry.

· This is purely academic research; I assure you it will not be used for any commercial purposes.

5.5 Determining Form of Response to Each Question 
One thing that has to be consistent is the type of response. Don’t mix up tick response with underlining or circling response. In any case, most people are used to box-ticking [19]. For simplicity, choosing the suitable answer is just by ticking over the boxes.
What do you think if? 
1- A written work order on a printed form is used for all jobs.
2- A written work order is updated when there is a real emergency repair.

	Item Number
	Weak Important
	Important
	Strong Important
	Very Strong Important

	1
	 
	 
	 
	 

	2
	 
	 
	 
	 


5.6 Determining Wording of Each Question
The language of the questionnaire should approximate the level of understanding of the respondents. The choice of words would depend on their educational level and the usage of terms and idioms in the culture [20]. The targeted respondents are managers and engineers. The choice of words depended on their educational level. Because English is not official language for the respondents, the language of the questionnaire is very simple. 

5.7 Determining Type of Each Question
Type of question refers to whether the question will be open-ended or closed. Open-ended questions allow respondents to answer them in any way they choose, a closed question, in contrast, would ask the respondents to make choices among a set of alternatives given by the researcher. [21]
In order to help the respondents to make quick decisions and for easy subsequent analysis, closed-ended questions are developed. The respondents are given opportunity to add any point they may see important. This is through open-ended question in the last

5.8 Determining Sequence of Questions
The sequence of questions in the questionnaire should be such that the respondent is led from questions of a general nature to those that are more specific. And from questions that relatively easy to answer to those that are progressively more difficult. This facilitates the easy and smooth progress of the respondent. [22]
Dividing the questions into six sections facilitates the easy and smooth progress of the respondent. At the same time, the sequence of the questions is considered in each section. As an example:
What do you think if? 
1- A written work order on a printed form is used for all jobs.
2- A written work order is updated when there is a real emergency repair.

The questionnaire asks first about the importance of a written work order, and then it asks about the importance of the updating process for this work order. 

5.9 Identifying the Form and Layout:
The basic requirement for questionnaire layout is that it must be clear to the person filling in the questionnaire how replies are to be indicated and where the answer is to put. This means allowing sufficient space for people to write in replies to open-ended questions, and giving an instruction about how responses to set-choice questions are to be indicated. [22]
The basic requirements for the questionnaire layout are considered, this is by:

· providing the necessary instructions 
· providing enough boxes for closed-ended questions

· Providing enough space for the open-ended question.

5.10 Pretesting the Questionnaire
Once the researcher is satisfied with the draft questionnaire, the final step is to conduct a Pretest. Pre-testing is the only way to evaluate in advance whether a questionnaire causes problems for interviewers or respondents. [23]
At the draft questionnaire, the respondents have to arrange the items from the most important to the lowest important. In case of having more than four items, it is very difficult to make a comparison among them. 
6. Data collection
In order to collect the relative data from some industrial establishments in Egypt, 60 questionnaires were prepared to be filled by different companies chosen in various fields of operation, only 34 companies responded. Ultimately, 30 companies were selected to be a part from this research because the others provided an inconsistent response. For subsequent analysis, the responses (attitudes) are translated to a numbers represent the degree of importance for each item as the respondents indicated. These translations are as follow:

Response                             Translation                 Importance 
Weak Important                             1.25                         12.5%

Important                                       5                                50%

Strong Important                            7.5                             75%

Very Strong Important                   10                              100%
7. Data analysis
7.1 Initiation and Authorization of work
This factor contains the following sub factors:
1- A written work order, on a printed form, is used for all jobs.

2- A written work order is updated when there is a real emergency repair.

3- All maintainable units (machines, buildings, systems, etc.) have unique ID numbers.

4- The written procedures for the work order system can be reviewed and followed.

5- All work orders have ID numbers.

Table 1 summarizes the importance of each sub factor. The table contains four columns; the first column shows the sub factors numbers, the second shows the mean value of the 30 answers; the third shows the standard deviation of the 30 answers, and the last column shows the mean values as a percentage. Tables (2-6) represent factors (2-6) with the same procedure.
[image: image1.emf]Sub Factors Mean STDEV Importance 

1 8.5 1.925330245 85%

2 7.5 2.344288731 75%

3 8.375 2.524662832 84%

4 7.25 1.897139407 73%

5 7.125 2.749412163 71%

Average 78%


Table 1 the Importance of Initiation and Authorization of work
78% represents the percentage of initiation and authorization of work importance as a factor which is obtained from getting the average of all sub factors importance in the last column. 
7.2 Preventive / Predictive Maintenance
This factor contains the following sub factors:
1. The deficiencies which found during inspection are written up as scheduled work and completed in a reasonable time. 

2. The potential problems that may detect during the PM inspection are classified and this affects the work order scheduling.

3. Repeated or expensive failures automatically trigger an investigation to find the root cause and correct it.

4. High-technology inspections are used such as vibration analysis.
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Table 2 the importance of Preventive / Predictive Maintenance
7.3 Planning, Scheduling, and follow-up
This factor contains the following sub factors:
1. The maintenance schedule is reviewed and updated by operations management. 

2. The maintenance department taking into account the department staffing skills, etc, when generates work orders.

3.  A maintenance work orders are prioritized in a rational way to ensure that the most critical units are worked on first.

4. Jobs are routinely completed on time, on budget, as planned.

5. There is a direct linkage between the production schedule and the PM schedule.

[image: image3.emf]Sub Factors Mean STDEV Importance %

1 6.958333333 2.218732293 70%

2 7.666666667 2.338151839 77%

3 8.125 2.195950427 81%

4 7.066666667 2.527378816 71%

5 7.291666667 2.179531875 73%

Average 74%


Table 3 the Importance of Planning, Scheduling, and follow-up

7.4 Purchasing, Parts, and Stores
 This factor contains the following sub factors:
1. A maintenance craftsperson can get the right part in less than 10 minutes. 

2. All parts used for maintenance purposes are tied to a unit number. 

3. There is an ongoing effort to use vendors as long-term partners for problem solving.

4. There is a periodic review of   high-cost items for possible savings.

5. There is an adequate information system to help easy investigation of spare parts.

6. There are established reorder points, and order quantity, based on logical reasoning.

7. The accounting system has a capital spares category for expensive and insurance policy.
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Table 4 the Importance of Purchasing, Parts, and Stores
7.5 Budgeting, Backlog, and Work Measurement

This factor contains the following sub factors:
1. The relationship between the production quantity (such as cases processed or tonnage shipped) and maintenance staffing is well understood and used for budgeting.

2. There is a maintenance improvement fund or maintenance R&D account to improve maintainability.

3. A major piece of equipment has individual repair/replace budgets.

4. The ratio between scheduled and nonscheduled work is tracked, and trends are charted.

5. There is a standard time for all repetitive jobs, PM’s, and routine work.

6. The specifications for machines and buildings can be obtained easily to see if they are in line with existing skills and tools.

7. An equipment buyer makes use of failure and cost histories to make better decisions.
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Table 5 the Importance of Budgeting, Backlog, and Work Measurement
7.6 Supporting Computer System

This factor contains the following sub factors:
1. A useless and faked data are kept out of the system, and the data are reviewed by management and workers to be accurate and useful.

2. The system can give answers to most maintenance questions without the services of a programmer.

3. The repair history is immediately available with enough accuracy to detect repeat repairs, trends, and new problems.

4. The system can generate meaningful comparison data between like machines and buildings.

5. A one-page management report showing the critical operations is available.      

6. New capabilities are being added to the system regularly.

7. The system can look at component life and provide an analysis for MTBF (mean time between failures).

[image: image6.emf]Sub Factors Mean STDEV Importance %

1 8.333333333 1.895245109 83%

2 8.291666667 2.23807504 83%

3 8.75 1.827708194 88%

4 7.75 2.465276091 78%

5 8.291666667 2.23807504 83%

6 6.791666667 2.759843928 68%

7 8.375 2.254067205 84%

Average 81%


Table 6 the Importance of Supporting Computer System

Now, the importance of the six factors as percentages is available. These factors represent the sub factors of computerized maintenance management system implementation. The evaluation of the importance of computerized maintenance management system implementation is not only depends on knowing the importance of these factors for the respondents, but also it is required to now the percentage of these factors contribution in CMMS implementation as a whole. Analytical Hierarchy Process (AHP) is used to determine the weight of contribution for each factor by four respondents. The results were summarized by table 7.
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A

0.21599 0.3539 0.28971 0.25514 0.27417

B

0.23804 0.2293 0.27871 0.25514 0.2496

C

0.08145 0.05357 0.06054 0.06455 0.06426

D

0.16124 0.1073 0.12022 0.12662 0.12739

E

0.0595 0.02805 0.0283 0.04052 0.0372

F

0.24379 0.22788 0.22251 0.25804 0.23765
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Table 7 Weight of Factors Contribution

A = Initiation and Authorization of work            

B = Preventive and Predictive Maintenance       

C = Planning and Scheduling                             

D = Purchasing Parts and Stores  

E = Budgeting and Work Measurement
F = Supporting Computer System
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Table 8 Importance of CMMS Implementation
8. The result
Last but not least, the importance of computerized maintenance management system implementation can be obtained from multiplying the importance of each factor with its weight of contribution, and then determining the average of the six results as shown in table 8. 
As shown in the table, the importance of computerized maintenance management system implementation in Egyptian industry is 77%. Because all companies which share in this study are relatively small, this result is considered a logical result. As much as the company is large, the need of CMMS is increased. Ultimately, this result is enough incentive for CMMS implementation.

9. Conclusions
This study demonstrated that the implementation of computerized maintenance management system in the Egyptian industry is important. Unfortunately, in Egypt, the level and type of management is mostly from the old school that need re-education. CMMS is not fully understood by the decision makers in addition to the lack of adequate training or consultancy institutions. CMMS can be successfully implemented in the Egyptian industry, but this required identifying the problem, selecting the proper solution, learning from the experience of others, and most importantly the belief that there is a problem.
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