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Abstract





A research programme involving the implementation of a performance measurement system for value streams being used to manufacture engineered products in an SME is described and the data being generated from this system is presented. A general approach that can be used in any organisation to stimulate and sustain improved performance of value streams is proposed, with First Pass Yield as the key performance indicator driving the improvements.  
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Introduction  


As global competition drives prices down in European manufacturing organisations new approaches are required to stimulate and improve performance of the value streams that fulfil customer orders. Value needs to be added reliably in customer order fulfilment processes within organisations with a minimum of non-value adding activity that adds to costs. This paper describes an approach that can be used to identify performance improvement opportunities in any organisation by measuring the effectiveness of the value streams in delivering customer’s requirements. 





Background to the research programme


One of the recent research programmes in the Centre for Strategic Manufacturing focussed on designing and testing a reference model for integrated performance measurement systems (IPMS) (Bititci et al, 1998). The output of this research has been extensively published and the idea for the current research programme emerged from this work. The IPMS model uses a business process architecture created during a CIM-OSA funded research programme (Childe et al, 1994). This architecture defines the ‘operate’ business processes as the processes that add value for the business. A Realising Our Potential (ROPA) research programme funded by the EPRSC studied the effect of using performance measures to actively monitor ‘operate’ business processes to increase their reliability. (Turner and Bititci, 1999) A subsequent two-year research programme in a product identification company called Worldmark explored the effect of actively monitoring an ‘operate’ process supplying labels to the electronic sector in adding value and then concentrated on improving the performance of this process. The improved performance was sustained by designing an active monitoring system incorporating performance measures linked to an ISO 9000 accredited management system. (Turner et al, 2002) This programme generated considerable improvements in business performance by removing non-value adding activity throughout the organisation. Potential Failure Mode and Effect Analysis (PFMEA)(Turner, 2002) was used to analyse the effectiveness of the value stream that passed through all departments within the organisation. At each department interface the activities being carried out in the supplier department were analysed using PFMEA to identity causes of defects being generated in the process and Risk Priority Numbers (RPN) were allocated to allow prioritisation of improvements. As the activities with high RPN were improved within each department the whole value stream was improved throughout the company to ensure that orders were processed more effectively to satisfy customer requirements.





A single performance measure that could be understood in each department throughout the organisation was used in Worldmark for establishing the RPN data. This measure was First Pass Yield (FPY). Essentially FPY is defined as the number of items that are made right first time. Usually this is expressed as a percentage made right first time in a given timescale such as a shift, day or week. At Worldmark FPY was applied to orders being processed throughout the whole value stream. At each interface between different departments FPY data was collected on a weekly basis and the following calculation made.


FPY =�EMBED Equation.3��� (1 – (number of defects/number of jobs processed)) x 100 


If an order was held up for any reason, or if it was incorrect in anyway and could not be processed in the receiving department, then it was considered defective and so was not considered to be right first time. The impact of the research programme in Worldmark led to a considerable improvement in delivery reliability to customers. The programme also reduced Turnaround Time (TAT) for orders for key customers from greater than 48 hours to less than 24 hours.  





An opportunity arose to carry out another two yearlong research programme in an SME beginning in August 2002. This organisation was much smaller than Worldmark and had not been exposed to widely used process improvement methodology and the application of quality improvement tools and techniques such as PFMEA. The Managing Director wanted to introduce a culture of continuous improvement throughout the organisation and to reduce lead-times to allow the company to become much more responsive to customers whilst at the same time improving business performance. The following case study describes how the introduction of First Pass Yield as a performance measure was used to stimulate improvement activity and how it is currently being used to reduce lead-time whilst at the same time retaining the agility needed to provide the level of service demanded by customers.





Introduction to Stewart-Buchanan Gauges


Stewart Buchanan Gauges Ltd. is an SME that employs around 150 people and is located in the small town of Kilsyth in central Scotland near to Glasgow. The company’s core business is the design, manufacture and sale of needle valves, ball valves; check valves, manifolds, pressure gauges and thermometers. They are a long established company with a worldwide reputation for the quality of their products, the majority of which are for use in industrial plants, often in hazardous and demanding conditions. They operate modern CNC machines and have press shop and welding capabilities. Machined parts are assembled on site to produce final products. They market a range of standard items as well as accepting orders for customer specified designs and in both cases the final products are assembled to order. Their modern 42,000 sq ft factory runs 24 hours a day and a fully integrated computer system has been installed to help manage the business. Although the company targets the top end of the market and wins orders primarily on quality it is an increasingly competitive market and both price and time to market have become increasingly important.





The company decided to embark on a TCS programme to review the manufacturing operation from order enquiry to design then through to dispatch, to introduce improvements in efficiency based on lean manufacturing principles and to train staff in lean manufacturing and other techniques necessary to achieve a culture of continuous improvement within the company. The TCS programme is an initiative that is part funded by the UK government. It requires a programme of work of strategic importance to the industrial partner to be developed, together with an academic partner that in this case is the Centre for Strategic Manufacturing at Strathclyde University. The academic partner and industrial partner work on the programme together with a graduate called an Associate that has been recruited specifically to progress the programme within the industrial organisation. Stewart-Buchanan had identified that their organisation was constantly ‘fire fighting’ and resolving problems but sometimes not addressing root causes and systematically improving performance to the required level then 'holding the gains' by actively monitoring the performance of critical activities and tasks. The Managing Director wanted to create a continuous improvement culture and system to enable everyone in the organisation to contribute to improving and sustaining performance throughout the business.  





The success of using a single performance measure (FPY) throughout the whole value stream in Worldmark influenced the approach to be used in this research programme. It was found in Worldmark that treating a value stream an a single integrated process with a single performance measure allowed an intense focus on business improvement that was communicated with transparency and simplicity to all functions and departments throughout the organisation. It engendered a feeling of common purpose with everyone in the company and was used as a basis for performance appraisal of managers. Worldmark is a much larger organisation than Stewart Buchanan with well-developed training and development systems for their people and a track record of introducing leading edge approaches to improvement because of their need to keep pace with the demands of the electronics sector customer base. This culture has made them very receptive to new concepts and people were used to being involved in change initiatives. Although Stewart Buchanan had much more limited resources than Worldmark they have a good track record for their size for introducing new approaches albeit with a more traditional culture and approach to involvement of their people in change programmes. The operate processes in Worldmark were well defined in their quality system and had a flow-line layout making relatively simple products on low complexity machines. The layout of the Stewart Buchanan ‘operate’ process is more functional than flow-line with little group technology and the much more complex engineered products require a higher level of skills. Most of the Worldmark products had similar lead times from order receipt to delivery to customer. The different product groups, markets and customer service levels in Stewart Buchanan mean that the lead times for customers can vary considerably.  





 Implementation of the system


The TCS Associate began the programme by mapping the value stream for that part of the company making and selling needle valves in order to identify the activities in the value stream associated with that product group. A performance measurement system was then implemented with FPY being introduced at intervals along the value stream where there was a change in ownership for the effective progression of a customer order. The company had already addressed the problem of differing lead times for the large variety of product types by allocating percentages for portions of the lead-time expected to elapse in each department instead of absolute lead-time. The FPY performance at each transfer point was related to the expected elapsed time for a customer order at that transfer point. Failures to meet FPY in the expected percentage lead-time interval allocated to each department were subject to analysis and discussion by cross-functional teams to identify causes for defects preventing the progression of orders. Cause codes were then developed to assist in determining the frequency of the particular causes of defects and for ongoing monitoring purposes. As the database of defects allocated to causes was built up histograms were used to display this data and Pareto analysis used to identify the most frequently occurring causes so that resources used for improvement activity could be utilised for maximum impact on business performance. Cause and effect analysis is used in cross-functional teams to develop improvement plans to reduce and eventually eliminate the most frequently occurring defects.





 Needle Valve Value Stream 


To begin with, the FPY data associated with the needle valve value stream was collected from Sales, Production Control, Manufacturing, Assembly and Dispatch departments. The decision to focus on a value stream for one product range was taken on the basis that improvements in this value stream would have a significant impact on business performance and that the Associate carrying out the work would be able to pilot the approach in a limited but important part of the business. Histograms showing the variation from week to week are displayed in Figures 1 to 5.





The management team when looking at the data began to get a much clearer picture of the reliability of different departments in the processing of orders to the apportioned percentage lead-time. Cause codes began to be developed for each department and these are displayed in Table 1. It can be seen that some orders expected to be leaving Assembly because of the proportion of lead-time that has expired can still be in Sales Order Processing. 





The Managing Director on seeing the data emerging decided that the best department to focus on to improve business performance in the short term was in the Sales department. Any improvements in reducing lead-time in this department would benefit all value streams for all product groups because the sales order processing activities were common for all products.





Sales�
Production Control�
Manufacturing�
Assembly�
Dispatch�
�
Short Lead time�
No Codes�
Machine Available�
Component Late�
Credit Stop�
�
No code�
Job still in Design Office�
Short lead time�
Merchandise�
Not complete �
�
Ammendments�
Job still in Sales�
Reschedule�
WO Late Issue�
Consolidate�
�
A/W Information�
Short lead time�
No Code�
Short Lead time�
Held by front office�
�
Sales order processing error�
Job placed on hold�
MO Late Issue�
A/W Information�
Finished late�
�
Slow to process�
�
Material Short�
Resources�
A/W Customer Info�
�
A/W Customer�
�
Stock Covered Allocation�
No code�
NV ready to part ship�
�
Credit Stop�
�
Machine Breakdown�
Findate not entered�
No Code�
�
Repair job�
�
Job still in Sales�
Job still in Sales�
Awaiting customer instruction�
�
�
�
�
�
Revisions�
�
�
�
�
�
Despatched Late�
�






Table 1. Cause Codes in Departments
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Figure 1. FPY analysis of Sales Order Processing department
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Figure 2. FPY analysis of Production Control department
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Figure3. FPY analysis in Manufacturing department 
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Figure 4. FPY analysis in Assembly department
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Figure 5. FPY analysis in Despatch department








4.2 Improving FPY in Sales department


The Associate began to look at the components of lead-time in Sales department and used value stream mapping to identify non-value adding activity (Figure 6). The value added ratio was calculated to be approximately 7% of the elapsed time for processing of an average sales order. The analysis showed that sales orders did not flow through the department but were batched and waited for long periods of time before being passed to the next operation at the end of the day. The reason for this was mainly to allow a cross-checking activity to take place to ensure the correctness of the information on the order before progressing to Production Control. Analysis of FPY cause codes over a period of time revealed that most of the defects occurring during preparation of the sales order were caused by other sales personnel who were responsible for preparing quotes prior to receipt of the order. It was decided that cross-checking had to be removed to ensure continual flow of orders so that information was provided faster to Production Control. After discussion and training on ‘quality at source’ the decision was taken to combine quotation and order processing roles in Sales department with the operators taking responsibility for self-auditing the orders before passing to Production Control. This action would increase value added ratio to around 70%. A cost of quality analysis revealed that a 15% cost saving would occur when this new arrangement was in place.
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�EMBED Excel.Chart.8 \s���	Figure 6. Value stream mapping for Sales department order processing





The impact of FPY can be seen in Figure 1 as orders began to flow more frequently during the day, the FPY increased although the cross checking has not yet been removed entirely until a full training of all operators has been carried out. Figures 7 and 8 show the improvements in processing sales orders on day of receipt between January and April





 Although the value stream improvements have not yet all been implemented in Sales the benefits are already being experienced in downstream work centres. In Production Control the FPY is improving (Figure 2) because they are receiving more orders within the allocated lead-time from Sales and as a consequence have more time to distribute orders to the shop floor.





 As the training in Sales progresses the Associate will turn his attention to the manufacturing area. Data is already being gathered with common performance measurement tools used in lean manufacturing such as ‘seven wastes’ and ‘six big losses’, on machines being used to manufacture needle valves, and value stream mapping has begun. Machine operators are being involved in data collection and cause and effect analysis to identify causes of the losses being experienced in the department. Pareto analysis has already identified areas that will provide improvements in FPY (Figure 9). It can be seen from the graph that the major cause of FPY failure in manufacturing is the fact that they do not receive the Manufacturing Order from 
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Figure 7. Sales orders processed on day received in January
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Figure 8. Sales orders processed on the day received in April
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Figure 9. Pareto analysis of causes for FPY failure in Manufacturing 





Production Control until some of the allocated lead-time in Manufacturing has already expired. This leads to rescheduling and expediting. Also the materials coming from suppliers and other work centres in the company are often insufficient to complete orders because they have not received sufficient notice from Production Control to allow provision in time. Improving the performance in Sales will help to reduce this cause for FPY failure in the Manufacturing department. 





4.3 Implementation Issues


The division of the value stream into a number of segments and allocating a percentage of the lead-time to each segment was somewhat arbitrary to begin with and was based on the experience of the Operations Manager. The percentage allocated to manufacturing appeared to be smaller than necessary in the early stages because FPY values were around 50% on average with less than 30% occurring on occasions. Over time it became noticeable that the high values of FPY in Manufacturing tended to occur in the week prior to the end of the month (Figure 3). Usually the low values for FPY tended to occur in the middle weeks of the month. This seems to relate to the setting of a monthly sales value target for the company. To ensure cash flow targets are met there is a big drive to get orders through to despatch so that they can be invoiced in the last week of the month. This periodicity is also noticeable in FPY values in Despatch (Figure 5). 





When collecting potential causes to form lists of cause codes for each department there was a tendency for each department to only nominate cause codes for FPY failure that allocated the responsibility for failure to other departments. Only after carrying out cause and effect analysis with cross-functional teams did cause codes internal to each department begin to emerge. This demonstrated a better understanding of the need to improve the performance of the whole value stream and not just the performance of each department.





4.3 Impact of FPY on Stewart Buchanan Gauges


The concept of FPY and the benefits to be gained by studying the performance of the organisation by linking FPY with lead-time variation across a value stream was taken on board very quickly by senior management Once FPY performance was being measured across the whole value chain and the histograms were being distributed to department managers there was an increased understanding of the variation in flow of orders across the whole value stream and the interdependency of departments in achieving the target lead time for orders. Senior managers had already identified variation in customer service levels because of long lead times as a problem to be addressed but the FPY data began to allow increased visibility of the causes of this problem. Those parts of the value stream having the greatest impact on lead-time variability were quickly identified and organisation development initiatives started with the people in those areas. The limited resources in an SME means that taking people off the job to get involved in training and improvement activity has an immediate impact on cash flow. The use by the Associate of value stream mapping and value added ratio as analytical tools combined with cost of quality measurement allowed the management team to focus the improvement activity in those areas that would show the biggest benefit to business performance. Organisation development and people involvement programmes are now being put in place to minimise impact on cash flow but to maximise business improvement opportunities. This will allow the benefits to business performance to be progressively taken in the long term without short-term impact on cash flow.





The main benefits of the system are the shared visibility of the interruptions to effective flow of the value stream across the customer order fulfilment process and the subsequent use of continuous improvement tools and techniques to remove causes of failures. This will result in a substantial increase in orders being processed within the targeted lead-time and an increase in the value added ratio for the value stream as a whole. The increased velocity of orders progressing along the value stream will improve the responsiveness to customers. The increase in overall reliability and predictability of the customer order fulfilment process will allow better demand management and capacity planning to be carried out and removal of costly non-value adding activity in all value streams in the company. 


 


The organisation development activity and continuous improvement activity is being linked to the management system that is accredited to ISO 9001. This has already been recognised by the ISO 9000 auditors as progress towards satisfying the requirements of the year 2000 version of the standard. A continuous improvement system integrated with the ISO 9001 management system will ensure that the system will be sustained into the future. 





5. Summary


The design and implementation of a performance measurement system across a value stream with First Pass Yield as the key performance indicator enables an organisation to monitor the effectiveness of the flow of customer orders along value streams and to assist the identification and removal of non-value adding activity. Removal of non-value adding activity improves the value added ratio and increases the velocity of orders progressing down the value stream. This shortens the lead-time that can be offered to customers. Linking FPY measures to continuous improvement methods within the IOS 9001 management system provides a platform for improving and sustaining the reliability of value streams. 





6. Conclusion


The experience gained so far of implementing First Pass Yield as a performance measure to monitor the effectiveness of orders flowing along value streams in Stewart Buchanan Gauges suggests that the impact on business performance will be very beneficial when applied to all parts of the organisation and to all value streams. The comparison of this implementation and a previous implementation using FPY linked to value streams in Worldmark suggests that a performance measurement system based on FPY for the flow of orders along value streams may be of general application in manufacturing companies and would be beneficial in facilitating business performance improvements.
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