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Abstract

This paper explains how the improvement of a key business process in a manufacturing company can be interpreted in terms of reliability engineering concepts. A case study is presented to illustrate how a label manufacturer went about improving the performance of their customer order fulfilment process to satisfy demands from their major customers. The activities carried out in the improvement programme can be described in terms of a simple reliability engineering framework involving the three steps of risk analysis, risk assessment and risk management being applied to the business process. The paper goes on to suggest that using a similar framework with all key business processes in an organisation could improve the overall reliability of the business.  

Introduction

Organisations need to ensure that they continually monitor the changing demands of customers and then attempt to meet their customer's expectations in order to defend their market position against competitors. Successful organisations can quickly respond to a demand for a higher level of service from their customers by improving performance of key business processes. Management of business processes in this way has become a prerequisite for business survival in the face of globalisation of markets in which rapidly changing business environments and seemingly insatiable increases in customer expectations have become the norm. 

This paper describes how a manufacturer of high performance labels operating in the electronics sector went about improving the performance of their customer order fulfilment process to provide faster response to customer orders from their major customers. The way in which this was done is analysed in the context of research being carried out, at the Centre for Strategic Manufacturing at Strathclyde University in Glasgow, on the application of reliability engineering concepts to business process management. 

The Company

Donprint is an international manufacturer of high performance, variable data label systems. Its main customers include leading electronic OEM's such as Compaq, IBM, Motorola, Hewlett-Packard and Nokia.

The company was founded in 1979 and then acquired by the Jarvis Porter Group in 1984. Due to its outstanding business performance in recent years in November 1999 the company was the subject of the biggest ever management buyout in Scotland involving two venture capital groups and the management team.

Currently Donprint has 340 staff world-wide, 135 of whom are working in the manufacturing site in East Kilbride in Scotland where the business process improvement activity took place. Donprint's strategy is one of global expansion to locate their manufacturing operations close to major customer production units in order to provide rapid response to customer orders. 

Background to the Business Process Improvement Programme at Donprint

Donprint prides itself on providing the best possible service to their customers in the fast moving electronics sector. In 1997 a decision was taken to embark on a business improvement programme to ensure that the business processes in Donprint were capable of continually meeting customer requirements. To assist in definition and improvement of their business processes a research programme was initiated by embarking on a Teaching Company Programme in partnership with the University of Strathclyde. This gave them access to the research programmes being carried out at the Centre for Strategic Manufacturing at the University. Of particular relevance was the ROPA programme, funded by the Engineering and Physical Sciences Research Council, on Active Monitoring (Turner and Bititci 1998). The objective of this programme was the creation of a model for maintaining the reliability of a business process by the application of active monitoring techniques (Turner and Bititci, 1999). This programme led to the current research in the Centre on how reliability engineering concepts can be used to interpret business process improvement activity in general, and more specifically within the simple framework of the three steps commonly used in reliability engineering of risk analysis, risk assessment, and risk management.   

Although Donprint provided a very high level of service to customers they recognised that this service could be improved if they increased the reliability of their customer order fulfilment (COF) process. Delays were sometimes occurring before customer orders could be processed because of missing or incorrect data, and unavailability of machine capacity. Some orders had to be reprocessed, or further orders processed, because of excessive waste or lack of materials to process the full order. These problems had an impact on the ability for Donprint to deliver orders reliably to their customers within the lead times they knew would give them a competitive advantage. 

The first year of the Teaching Company programme focused on improving the delivery reliability and response times of the COF process.

Reliability of a Business
A reliable business can be thought of as a business that survives over time by satisfying the demands of key stakeholders of the business. The EFQM Excellence Model (EFQM, 1999) suggests that key stakeholders include customers, suppliers, people working in the business, society on which the business has an impact, and the shareholders of the business. These demands will vary over time as customers demand improved performance from the product and better value for money, shareholders demand better return on investment, people demand improved pay and conditions, etc. Such a reliable business would need to respond to these changing demands from customers, suppliers and people whilst at the same time ensuring that shareholders are retained and legal and ethical requirements from society are met. In order to balance this dynamic situation in a proactive way a business needs to continually monitor the external business environment and then modify its internal operations to meet key stakeholders' new expectations. In previous research (Bititci, Turner and Ball, 1999) a viable business structure for managing agility is proposed. Recognising such a structure in a business and designing an appropriate integrated performance measurement system with full active monitoring of key business processes, (Turner and Bititci 1998) would provide the necessary information for businesses to act on. If this information were then used to establish improvement programmes and to modify business processes to ensure that key stakeholders demands were continually being satisfied, then the business would remain reliable. Researchers at Strathclyde have been working with a number of organisations to design appropriate performance measurement systems to allow the business to identify those business processes that need to be monitored and modified as the business evolves over time. The case study presented in this paper involves an approach used to improve and monitor the Customer Order Fulfilment (COF) process in a manufacturing company. Other research being carried out is focussing on 'manage' and 'support' processes such as the strategy making and deployment process, the people management processes and the provision of safe systems of work processes. If a common approach can be used to measure, monitor and maintain the reliability of all key business processes in a business then the overall reliability of the business would be improved. 

It has been found useful by the researchers to use concepts found in reliability engineering and to apply them in a general sense to business processes. It is common to find techniques such as PFMEA (Potential Failure Mode and Effect Analysis) used to investigate 'operate' processes in manufacturing industry. However there is a tendency to focus on process improvements that relate to product performance rather than the total demands from customers and other key stakeholders when carrying out the analysis. In this case study the main demands from major customers were for improvements in service at reduced prices. High and sustained product quality was a qualifier to becoming a supplier to these demanding organisations in the first place and so was expected. Only improved service levels at the right price would ensure continued preferred supplier status.  

The case study shows how the reliability engineering concepts of risk analysis, risk assessment and risk management can be used to interpret improvements in the Customer Order Fulfilment process in its entirety (not just in the manufacturing area). An improvement in service levels to the high levels demanded by the customer was made, whilst at the same time the operating costs were reduced so that the product price could be reduced if it was found necessary. The financial performance of the business was improved and the long-term chances of remaining viable as a consequence were improved.  The programme was carried out with the involvement of all personnel in the business and new procedures were developed and introduced to the management systems to ensure the approach would be sustained out into the future. This will lead to a more reliable business. The improvement programme in the company is continuing and is now using the approach used for the COF process to improve the people management and other 'support' and 'manage' processes within the business using the simple reliability engineering framework mentioned previously. 

The interpretation of the COF process improvement activity within this framework is described below.

Risk Analysis

To identify what needed to be done a risk analysis was undertaken to identify whether the Donprint business was delivering the level of customer service required by their major customers compared to competitors. Meetings were arranged with a number of major customers in the electronics sector. At these meetings it was identified that an improvement in Turnaround Time (TAT) would be beneficial to them. TAT is the time interval between a customer order being placed and the order being delivered in full to the customer. Customers wanted the TAT to be reduced from 48 hours to 24 hours. Customers also required a delivery reliability of 100% within the TAT of 24 hours and they wanted these improvements with no increase in prices. On the contrary, because of competition in the electronics sector they were actively trying to reduce the materials cost of their products.  The supplier who was successful in satisfying their demands would remain as a preferred supplier.

Risk Assessment

The new target of 24 hours TAT with 100% delivery reliability would only be possible if the current performance of the COF process could be improved. It was necessary to carry out an assessment of the COF process to find out where the current operations were failing to allow orders to progress quickly to completion within 24 hours.

It was decided to use the risk assessment tool, Potential Failure Mode and Effect Analysis (PFMEA), to identify those critical activities that needed to be improved in the COF process if the new performance standard was going to be achieved.

Before PFMEA can be used the activities in the process being considered need to be identified. This involved using process-mapping techniques to identify all the important activities that contribute to successful operation of the COF process.

The diagram in Figure 1 illustrates the departments within the company in which process mapping was carried out.    

Figure 1: COF process map





First Pass Yield (FPY) was then used to identify activities that prevented orders moving to completion. FPY is a measure of the percentage of orders passing through all departments 'right first time'. A 100% FPY in a department indicates that all the orders passed through the department without interruption. It means that they were not delayed for any reason. Not, for example, waiting for information, materials or machine capacity. Neither was the order returned for reworking or in the event of failure to meet specification, completely reprocessed using new materials.  

Where FPY failures occur the causes of failure can be found within a department and the activities that led to the failure can be studied to see if improvements in carrying out those activities can be made. This information can be used to ensure that similar failure does not occur again in the future. Using this approach the FPY can be improved to 100% in each department so that FPY in the final department is held consistently at 100%. This would assist achievement of 24-hour TAT with 100% delivery reliability.

Those people involved in the COF process carried out brainstorming sessions in each department so that the main problems that people were facing when carrying out their work could be recorded. At this stage local knowledge was used to identify potential causes for FPY failures in each department. These potential causes could be the reason why customer orders were not being processed 'right first time' and preventing 100% FPY being achieved.

Using the data collected in the brainstorming activity a FPY Analysis Sheet was designed so that each person involved in the COF process could record daily on this sheet the defects occurring that prevented FPY in their department. Figure 2 illustrates a FPY analysis sheet in which each of the defects recorded was given a specific code and was classified by department. The occurrence of each of these defects was recorded on a weekly basis, and thereafter the FPY value was calculated and reported using histograms. Figure 3 shows a histogram of defects occurring in the Printing Press department. Figure 4 shows a histogram of FPY for the whole COF process in the early stages of the improvement programme before significant improvement in FPY had been achieved.

Figure 2: First Pass Yield Analysis Sheet

	
	   First Pass Yield Analysis Sheet
	

	Week No: 8
	
	

	
	
	
	

	Area
	Code
	Error description 
	Frequency

	Documents
	D01
	No benchmark in Jobcard/not filled in
	7

	
	D02
	No/Wrong plates in jobcard
	2

	
	D03
	No samples /checklist in jobcard
	3

	
	D04
	Wrong quote on drawing
	1

	
	D05
	No/Wrong o/printing instruction sheet
	0

	
	D06
	MPAS not completed
	6

	Sales
	SL01
	Wrong revision level
	1

	
	SL02
	Wrong unit price
	1

	
	SL03
	Wrong despatch date
	3

	
	SL04
	Wrong sales code
	2

	Planning
	PL01
	Jobcard not planned
	1

	
	PL02
	New plates ordered but not required
	1

	Materials
	M01
	Materials not available
	0

	
	M02
	Wrong material type
	2

	
	M03
	Wrong material width
	15

	
	M04
	Material dirty
	2
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Figure 3: Press Defect chart

Potential Failure Mode and Effect Analysis was used to prioritise areas for improvement in the COF process. PFMEA programmes (Chrysler Corporation, Ford Motor Company, General Motors Corporation, 1995) were systematically used in each department within the company that contributed to the COF process. Risk Priority Numbers (RPN) were calculated for defects that could occur and high RPN values were targeted for improvement. The RPN number is the product of severity, occurrence and likelihood of the detection of a defect that can lead to a failure to satisfy a customer. The customer can be considered to be an internal customer or the end user.




Figure 4: COF process First Pass Yield

Risk Management 

Having identified those activities most likely to cause FPY failures, those with the highest RPN values were used to prioritise improvement activity in those operations to reduce the risk of failure. This approach ensures that the improvement activity is focussed on the areas likely to cause the most disruption to the flow of orders along the COF process.

Team leaders in each department were given responsibility to improve those activities in their departments for those defects that had generated the highest RPN values. This was in an attempt to reduce the value of the aggregate RPN along the whole COF process so that the likelihood of causing a FPY failure was reduced in the future. Managers throughout the business were made accountable for improvement programmes, to improve FPY in critical activities, for which they were functionally responsible, by reducing high RPN values.
A database was set up to enable progress reports to be generated to monitor progress towards RPN targets and effect on FPY for each department. These reports were used for management review at weekly meetings. Managers were given objectives to reduce RPN within a given time scale. This stimulated improvement activity throughout the organisation.

Some typical examples of improvement activity are given below.

· Improved storage of materials used for printing with easy access to most frequently used materials.

· Cycle counting introduced to improve inventory record accuracy in the stores.

· Improved colour matching system for blending ink prior to printing

· Better storage, maintenance and  control systems for cutters used on the printing presses 

· Introduced set-up procedures to improve then standardise product changeover times

· Visible management production scheduling system introduced to the shop floor.

· Set up trolley using Single Minute Exchange of Die (SMED) principles introduced for preparation of press components prior to changeover

· Training in problem solving methods.

As improvements were made the new procedures being introduced were documented and put into the ISO 9002 registered quality system so that the good practices would be maintained into the future. 

Active monitoring is used extensively in manufacturing processes to alert those personnel managing the processes to those trends that indicate that the process is deteriorating in performance and could fail, or produce out of specification material. Donprint identified the flexographic printing presses as an operation in the COF process that required active monitoring. The effective utilisation of the capacity of the presses was essential if they were going to be able to sustain the target 24-hour TAT. In order to monitor how well the capacity was used on each press Shewhart control charts (Wheeler, 1993) were used to measure time spent each day producing FPY orders. If orders failed because of quality problems then the time spent producing that material was not included in the daily total when the order was produced again. Similarly for reworked material or production of excessive scrap, which led to a subsequent order being launched, to make up the shortfall for a customer. Any time spent producing trial material was also discounted. The Shewhart chart was a daily record of the effective use of each press to produce FPY orders and gave a better picture of cost-effective operation than traditional efficiency measures used for accountancy purposes. Trends that indicated that the capacity was not being used effectively were identified using simple rules common in the analysis of Shewhart control charts. The pattern of points on the chart emerging over time between a predetermined upper natural control limit (UNCL) and lower natural control limit (LNCL) can be analysed to determine whether significant changes in the COF process have occurred. In this way any trend that indicated that 24-hour TAT would be threatened was quickly spotted and preventive action taken. Figure 5 shows a typical control chart from one of the printing presses against the programme or MPAS.

Over time, the control charts helped the production personnel to identify the frequently occurring day-to-day problems that led to lost capacity, and to link these to the high RPN values found in the FMEA analysis. The problems that caused FPY failures in the press department were identified in all departments along the COF chain. This information was beneficial in prioritising activity and allocation of resources by the management team in the development of improvement programmes.


Figure 5: Shewhart control chart

This approach led to much more consistent performance in effective use of the available capacity of printing presses. The  ‘special causes’ that could lead to a 24-hour TAT failure were eliminated. The standard reaction to loss of capacity under the old way of operating was to authorise overtime working to replace the FPY failure. Better visibility, and confidence in predicting availability of press capacity, reduced the need for overtime working. Also the knowledge gained about the actual performance of presses against FPY criteria ensured that the presses were not overloaded and work was planned to a more realistic capacity. This again had a positive effect on 24-hour TAT.     

Benefits to Donprint

The improvement programme for the COF process at Donprint significantly improved the reliability of this process in delivering the performance required by major customers. This enabled the company to be more responsive to customers whilst at the same time becoming more price competitive because the press capacity was used more effectively at lower labour costs. More products were made 'right first time' and so considerable savings were also made in materials costs because orders did not need to be remade to replace FPY failures. Implementing active monitoring systems for the printing presses allowed greater visibility of the deterioration in press performance and so the ability of the company to sustain the improvements in performance and build on them for the future has been greatly enhanced. 

The FPY for the COF process averaged 30% for all orders at the beginning of the improvement programme whilst the figure at the end of 1999 was running at greater than 70%. This allowed 24-hour TAT for major customers but for special requests, from customers requiring orders quickly, on occasions TAT of 8-hours was being achieved.

To show the continuing performance of the COF process against RPN figures in the FMEA the FPY database has been linked to the FMEA database so that the data relating to frequency of occurrence of defects automatically updates the RPN figures each week. This allows the management team to monitor the RPN figures to ensure that they continue to improve and do not deteriorate again. The next step planned is to link these databases to an integrated performance measurement system to actively monitor the changes in the main operational KPI’s (key performance measures) such as quality, delivery, waste and effectiveness, for the business.    

The controls being established to maintain RPN at low values in the FMEA are gradually being linked to quality control plans in the ISO 9002 accredited quality system so that the good practice can be sustained. 

Discussion
The improvement activity carried out at Donprint on the Customer Order Fulfilment process was done in a systematic way that involved changes throughout the whole COF 'operate' process. The benefits to the organisation have been substantial at the East Kilbride location and the improved approaches and systems are being migrated to other operations globally. 

As the business environment changes and the demands from key stakeholders change then the business processes also need to change to ensure that the business remains reliable. Another way of expressing this that the risk of not satisfying key stakeholders will increase if nothing is done. Obviously most organisations change organically as the risk increases in an attempt to reduce the risk to an acceptable level again. Some business may have management systems that formally measure the increased risk and then develop action plans, allocate resource and carry out improvement activity to change the way they operate to reduce the risk. Combining business process architecture thinking with business process reliability engineering thinking provides an opportunity to develop a framework for all organisations to use in order to increase their responsiveness to analysing stakeholder demands then, by systematically improving critical business processes, ensure the continuing satisfaction of key stakeholders.

The researchers believe that the simple framework involving risk analysis, risk assessment and risk management when applied to key 'operate', 'support' and 'manage' processes could form the basis of an approach that all businesses could use to measure, monitor and manage the overall reliability of their business.  The next steps in the research programme involve applying this simple framework to business processes other than the COF process to see if the concepts can be assimilated and used by a range of different organisations over a range of business 'operate', 'support' and 'manage' processes. The output from this work could then be used to create a model and develop a set of general guidelines for organisations to follow in order to improve and maintain the reliability of their businesses. 

Conclusion
The reliability of the COF process to provide the level of service demanded by Donprint’s major customers has been increased by using an improvement approach that can be described in the context of simple reliability engineering concepts. The improvements made to a complete 'operate' business process have been found to be beneficial to the business and will contribute to the ongoing reliability of the business. A simple framework involving the three steps of risk analysis, risk assessment and risk management for improving key business processes in a business can be used to interpret the improvement activity. This framework together with guidelines for improvement using reliability engineering tools and techniques could be the basis of an approach that could be developed to apply in any business to improve the overall reliability of that business.  
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