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Abstract: The application of SPC and quality tools to a maintenance process in a local oil 

refinery is presented and shown that the results have great value especially when the facts 

and findings are linked to the cost of quality. It is found that utilization of SPC and quality 

tools is essential to answer questions like identifying factors causing maintenance 

problems, identifying most critical conditions that result in machine failures in future and 

relating problems with causes etc. These questions relate to establishing and implementing 

a predictive maintenance plan where the overall effect gained is improved maintenance 

quality at reduced cost and downtime. 
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1.   Introduction 

The goal in condition monitoring is to perform maintenance at a time when it is cost-

effective and before the machine or equipment degradation. Unexpected failures need to 

be minimized. This is quite challenging because prolonged failures and being out of 

commission of equipment and machinery due to maintenance problems and ineffective 

processes results in tremendous costs and man-hours being spent to bring it back to 

service. Consequently this area has always remained as one of the highest priorities for 

maintenance managers and it is where they spend most of their time to put things right. 

Since no organization can achieve and maintain competitiveness and long term 

profitability without the highest quality, this also requires that all maintenance activities 

also are of the highest quality since equipment that fails periodically and does not perform 

well will indirectly increase production cost and reduce production efficiency.  

2.   Maintenance Quality and SPC 

Maintenance and quality have close links which are well recognized and adequately 

addressed in literature [1] [2]. Use of statistical tools and techniques principally for the 

management and improvement of a process is called statistical process control [3]. Use of 

SPC as a means for obtaining higher quality has been widely adopted in many 

organizations in the production sector. However, SPC has received little consideration on 

the maintenance side, and there is dearth of literature that highlights its effective use in the 

integrated setup of predictive maintenance and quality management activities [4]. SPC 

tools have mainly been employed in manufacturing concerns all over the world. These 

have also been applied to bus fleet maintenance in the transportation sector [5], for aircraft 

maintenance management in the military [6] and even in the software industry [7] [8]. The 

application of these tools is general in nature and should give an insight into a 

maintenance process in any organization that uses mechanical equipment.  
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3.   Application of Quality Tools in Maintenance 

The most fundamental seven quality control (QC) tools, also called as the “seven basic 

tools” were first emphasized by Kaoru Ishikawa. There is sufficient literature available 

where these tools and their application are explained in detail [9, 10]. In this paper, only 

the application of four tools (histograms, control charts, Pareto chart and cause and effect 

diagrams) related to the selected maintenance process is discussed. These are briefly 

explained below: 

a) Cause-and-effect diagram (also called fishbone diagram): Identifies many 

possible causes for an effect or a problem.  

b) Control charts: Graphs which are used to represent how a process changes over 

time.  

c) Histogram: The most commonly used graph for showing frequency distributions 

of gathered data.  

d) Pareto chart: Shows the most significant factors on a bar graph.  

A histogram easily identifies the shape, the central value and the extent of dispersion of 

the frequency distribution of the maintenance data. Maintenance is an ongoing activity, 

and records get accumulated over a period of time. To observe process behavior over this 

time period, a control chart represents this data and shows whether the process is in 

control or out of control due to assignable causes. Many factors may be contributing to 

mechanical equipment problems, and it is imperative to identify those factors which cause 

the most problems. A Pareto chart will be made which helps to establish a priority and 

efforts can be directed to address the factors causing maximum problems to gain 

maximum process improvement.  

     Finally, when problems have been identified through a Pareto analysis, these need to 

be investigated to find out causes by studying all influencing factors and establishing 

relationships between them through a cause and effect diagram (fishbone) diagram. When 

leading causes have been identified, engineering managers can put their efforts to resolve 

the vital few problems responsible for the most failures of equipment. Going a step further 

by utilizing this knowledge, they can identify conditions in running equipment that results 

in failures in future. 

4. Integrating Quality Tools with the Maintenance Process      

In this paper, the application of SPC and quality tools to the mechanical pump failures at 

three plants in a local oil refinery is presented. The current maintenance process 

constitutes performing inspections and corrective maintenance. The actions taken are 

documented by the personnel. The maintenance department at the refinery is responsible 

for maintaining all plants including five different types of pumps on round the clock basis, 

as the operational availability of these pumps is critical for refinery operations.   

     For every operational pump, there is one standby pump as integral installation to 

prevent disruption in operations due to pump failures. The total population of pumps is 

100. The pertinent data about the nature and type of defect regarding the failure of these 

pumps was collected for a period of 60 days.  Hence, there are 60 samples where each 

sample shows the number of defective pumps in each day. After data transformation, 

accuracy of the electronic data was verified with the raw data provided by the refinery 

staff.  The initial analysis of the data revealed that the majority of the failures pertained to 

centrifugal pumps. Hence, the focus of the study was confined to centrifugal pumps only.  

     The line of action adopted by the authors was as under: 



                                          Utilizing Quality Tools: A Predictive Maintenance Perspective                                701 

 

  

a) Gather data, calculate basic descriptive statistics and plot histogram 

b) Identify various types of pump faults 

c) Plot run charts and control charts showing the pump defects 

d) Make Pareto charts, and cause and effect diagrams to identify major defects.  

     If the right tools are being applied as usual practice for transforming gathered data into 

useful knowledge, then there is no reason for mill blindness to exist in any organization 

because through these tools, the equipment would be speaking to its operators and 

engineering managers, and they can plan well for improvement through well directed 

preventive maintenance rather than spending most of the time in corrective maintenance. 

     The "predictive" constituent of predictive maintenance (PdM) is realized from the 

objective of predicting the future trend of condition of the equipment [11]. The principles 

of statistical process control serve as an important guide to determine and arrive at the 

point in the future where maintenance activities will be appropriate. A major benefit of 

PdM is that it can be performed when the equipment is in service and the routine 

operation of the plant may not be disrupted thereby resulting in savings due to reduced 

downtime. SPC has been utilized in predictive maintenance [12]. While PdM will not 

predict machine failure contrary to what the name suggests, it will detect and identify a 

condition whose existence will be used to predict machine failure in future. Study of 

machine deterioration, generic determination of reliability indicators and handling of 

machine ageing has been studied in the predictive maintenance context [13]. SPC and 

quality tools like the control chart and cause and effect diagram can be used to identify the 

existence of such conditions. Nondestructive testing techniques such as vibration analysis, 

oil analysis, infrared monitoring and analysis, electric motor testing and ultrasound 

inspections are used for monitoring. Statistical techniques like time series analysis and 

forecasting can be used to analyze the data to indicate problems much ahead of 

occurrence. 

5. Analysis and Results 

According to the first step, defective pumps data for 60 days was gathered. This data 

constituted the date, number of defective pumps on that date in each of the three plants 

under study, and the type of defect that had occurred on each pump. Minitab software was 

used for statistical analysis of the gathered data. A histogram of the data was plotted 

which is shown in Figure 1. Distribution of number of defectives on a particular day 

approximates the normal distribution curve (positively skewed), with a mean of 2.18 

defective pumps per day and standard deviation of 1.39 for a sample size of 60 pumps. 

     There have been only 5 occurrences in 60 days when no pump was found defective. 

The median and mode both are 2 defective pumps. 

  
Figure 1: Histogram of Defective Pumps Figure 2: p-Chart of Defectives 
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After the plant having the most defective pumps has been identified and an analysis of 

defect types was done, the distribution of defective pumps per day was studied through an 

attribute control chart (the p chart in this case). The p chart determines if the rate of non-

conforming pumps is stable, and it will detect whether a pattern occurs in the distribution 

of defective pumps. The p chart is shown in Figure 2. The control chart (p for proportion 

of defectives) along with the calculated control limits according to the current conditions 

shows the upper control limit of 0.1089. This means that on the average, a proportion of 

less than 0.1089 defectives per day would mean that the process is not going out of 

control. The lower control limit of zero means no defective occurrences per day and it is 

not possible to go outside the lower control limit. 

     The current process of occurrence of defective pumps is in control, within limits and 

does not indicate any abnormal trend or presence of special causes. This shows that 

improvement in this process would require bringing some fundamental change to the 

process. That would necessitate addressing the factors causing the most defects in the 

pumps. For this purpose, a Pareto analysis was done. The Pareto chart is shown in Figure 

3. Applying the Pareto’s principle, it is observed that 80% of the pump problems are due 

to mechanical faults, seal leakage and material failure. Mechanical failures were the 

leading causes with the highest failure percentages attributed to this factor. This 

necessitated further inquiry into determining causes of mechanical failures in by applying 

preventive and corrective measures in the maintenance process.  

  

 
 

Figure 3: Pareto Chart of Types of Faults Figure 4: Cause and Effect Diagram for the Leading Effect 

 

     Having identified the top factors increasing a number of the defective pumps, the next 

tool applied was the Cause and Effect Diagram. The leading effect of “mechanical 

defects” (with 40.5% occurrences) was investigated in detail and all causes leading to this 

effect were identified in a brainstorming session. The diagram is shown in Figure 4. 

     The next step is to pinpoint the exact causes leading to the effect so that these are 

addressed to reduce the occurrences of defective pumps. It is highlighted that cause and 

effect diagrams are prepared over a series of brainstorming sessions, and all discussions in 

the sessions are kept as historical records because these also provide records of 

relationships identified between causes and effects.  

6.   Benefits of using SPC and Quality Tools with the Process 

By using SPC and quality tools, the process can be improved and many complex 

questions can be answered which were otherwise hidden. It must be mentioned that the 

prevalent methods of audits and inspections of documents and equipment cannot help 

answer questions that are readily answerable using SPC and quality tools. It would not be 
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possible to answer some of the following questions if an analysis like the one described 

above is not done:  

a) Which pumps are likely to fail very often? 

b) Which defects are the most costly and must be prevented? 

c) What is the cost of corrective maintenance if the process maintains its current 

status?  

d) How much would be the cost saving if predictive maintenance practices resulted 

in 80% fewer defects?  

e) What are the causes of conditions that result in machine failures? 

7.    Findings  

The findings of the study can be divided into two aspects as explained as follows: 

7.1  Technical Aspect 

After completion of the data gathering process, it was established that centrifugal pump 

failures were the highest so further study was focused on this type of pump. Using SPC 

and quality tools, the plant having the highest number of pump failures was identified. 

Applying Pareto analysis, it was ascertained that 80% of the defects were due to 

mechanical failures, seal leakages and material problems. Although the control chart 

showed the voice of the process as “under control”, there is a need to bring a fundamental 

change in the process to improve it because the cost impact of the current defect rate is 

enormous as explained in the next section.  

7.2  Financial Aspect 

Once the results were compiled after application of SPC tools, the financial aspect of the 

matter was investigated. The average repair cost spent on a centrifugal pump categorized 

according to type of failure is given below: 

a) Mechanical Failures: Rs. 75,646/- 

b) Seal Failures: Rs. 88,983/- 

c) Material Failures: Rs. 15,472/- 

     According to the above figures, the refinery had spent approximately Rs. 4.70 million 

to repair the centrifugal pumps that had failed during the period under study. Since 

refinery operations are going on round the clock, any plant shutdown due to centrifugal 

pump failure has huge financial impact in terms of loss of revenue. It was calculated that a 

reduction in pump defects by 80% would result in a cost savings of Rs. 3.74 million. 

8. Conclusion 

Analysis of maintenance processes using quality tools has been instrumental in 

pinpointing exact areas to look into for process improvement to increase quality. These 

tools coupled with predictive maintenance techniques will help maintenance engineers to 

improve processes. The quality tools can be successfully applied in the equipment 

maintenance area for process improvement. Substantial cost can be saved by applying 

SPC and quality tools and then focusing on the weak links in the process. While it is 

extremely important to have audits and inspections of maintenance records and 

equipment, they serve a different purpose altogether and cannot be substituted for 

undertaking the type of analysis using the SPC tools. Further research can be conducted to 

determine the exact benefits accrued as a result of spending cost to implement predictive 

maintenance techniques and studying the outcomes of an improved maintenance process. 
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