Lean Strategies in the Contract Furniture Industry

Chapter 2  Literature Review


 “There are two types of tasks performed in a factory: those that increase a product’s value and those that merely increase the cost of producing it.” (Shingo, 1988:70)

2.0     Literature review: Lean manufacturing

The movement of this chapter is as follows,

2.1 Introduction 

2.2 Eliminating waste to improve flow

2.3 Waste – transport, delay and inspection

2.4 Competitive factors – quality, speed, dependability, flexibility and cost

2.5 Conclusions, hypothesis and summary

2.1
Introduction 
To improve competitiveness, the UK contract furniture sector must adopt strategies that add value in the eyes of the customer.  “They need to ensure that value is added faster to the product or service, than cost” (FIRA, 2000).  These values must be formulated into strategies and objectives through which functional strategies at the operations level are then executed.  Slack et al (2001:70) identifies five performance objectives encompassing quality, speed, dependability, flexibility and cost that form a framework for competitiveness in both manufacturing and service industries.   By improving the flow of work through lean manufacturing principles, Toyota, an exemplar of lean thinking (Womack & Jones, 1996) has demonstrated how improved performance can be achieved by adopting lean strategies that address each of the five performance objectives identified in    table 2.1. 

The following chapter will explore lean manufacturing from the perspective of waste in terms of inspection, transport and delay (Shingo 1988:5), and how through the adoption of lean strategies, competitiveness may be improved in terms of quality, speed, dependability, flexibility and cost (Slack: 2001:70). 

	Competitive Indicators 

	Eliminating ‘waste’ in terms of transport, inspection and delay

	
	Performance Objectives


	Lean Manufacturing Principles



	Quality

Speed

Dependability

Flexibility  

Cost                

	Error-free processes. On-specification products and services.

Fast throughput. Shorter delivery times.

Reliable operations. Dependable delivery.

Ability to change. Frequent new products. Wide product range. Volume and delivery adjustments.

Customization 

High total productivity. Low price / high margin.                               


	Total Quality Management, Poka-yoke. Kaizen, which Toyota defines as ‘constant improvement’

Reduced set up times resulting in reduced lead times. Single Minute Exchange of Die (SMED)

Just-in-time (JIT), having the right parts, at the right place at the time needed.

Ability to keep a steady flow without high peaks and valleys. 

Workers trained to be multi-skilled and machinery designed to be flexible.  

Reduction in inventories and reduced costs throughout the supply chain.

 


          Table 2.1 Improving competitiveness through lean manufacturing principles

           Adapted from Slack et al (2001:70); Reingold (1999:45 – 65); Shingo (1988)

The manufacturing industry has long recognised the advantages of lean strategies. Lean manufacturing results in higher productivity and profitability (Engineering Employers Federation Report, 2001).  There are strong parallels between all manufacturing sectors in terms of production technology principles and management philosophies. Shingo (1988:13) advocates that once a manufacturing organization has identified specific ‘fabrication’ technologies, then issues of production technology and operations management are generic throughout all manufacturing sectors. Womack et al (1990:8) who engaged in a 5 million-dollar five-year study on the future of the autombile, which led to the publication of their book ‘The machine that changed the world’, state, “the principles of lean production can be applied equally in every industry across the globe”.

According to the Lean Enterprise Institute (2002) “a new trend is emerging where different types of organizations are adopting lean thinking as their main thrust to eliminate waste so that every step adds value in the customer’s eyes.” Shingo (1988:17) states that once you go beyond the manufacturing technology then “making fish cakes and making automobiles gradually become identical.”   One such company is Gorton’s who produce seafood products for McDonalds.  According to the Lean Enterprise Institute (2002)  “Most of the people at Gorton’s have recently been exposed to lean concepts and at every level from line associate to President, they are looking at ways to eliminate waste – using the same essential techniques to enhance flow that Taiichi Ohno (Toyota) invented fifty years ago.”  Jeff Whiteacre, Operations, Value Stream Manager at Gorton’s states  “We are very excited about the possibilities that we are starting to see to improve the flow of our products through our plants, as well as the flow of information in our support groups” (Lean Enterprise Institute, 2002). Material flow is central to lean strategies.  Suzaki (1987) defines flow as “the progressive movement of a product through a facility from receiving of raw material to the shipping of finished products without stoppages at any point in time due to backflows, an inefficient layout, machine breakdowns, scrap, or other production delays.” Irani et al (2002 a) identify a number of inefficient material flows (Appendix 2.1).

Irani (2002 b) advocates, “that make-to-order and engineer-to-order manufacturers of complex fabricated assemblies (furniture, security cabinets, cranes, tractors) that process a large variety of products, must design their facilities for flow.  Rother (2002 a) however, warns against “fake flow” in which machines are grouped in cells but there is no flow from machine to machine. He states “proper cell design and operation typically doubles assembly labour productivity, halves again the needed space, reduces assembly lead time by a further 90 percent, dramatically improves quality, and permits better response to changing customer demand.” Womack et al (1990:13) reinforces this claim (Appendix 2.2).  Rother (2002 a) advocates tools such as Value Stream Mapping and Group Analysis Techniques to design lean processes.

Womack & Jones (1996) believe that the key to lean was in the thinking and not just the tools. Organizations such as the Loma Systems Group, a major international manufacturer of equipment for the food processing industry have ‘lean’ as a board-level issue and is part of the group’s long term business strategy (Gregory, 2002).  Lean thinking according to Shingo (1988:12) has evolved from the work carried out by F.B.Gilbreth  - “time is merely a shadow of motion” – leading to the birth of industrial engineering.   Utilizing industrial engineering techniques such as ergonomics with lean manufacturing concepts, demands lean thinking in what Hotler (2002) describes as “a process of doing more with less – less human effort, less equipment, less time, and less space.”  He believes that industrial engineering has long targeted excess and early production, delays movement and transport, poor process design, and making defective items.  “Customers are demanding impeccable quality, reduced prices and unpremeditated delivery times.  Remaining competitive while minimizing capital investment requires a return to basic industrial engineering principles and the adoption of lean thinking” Hotler (2002).   Lean thinking demands an interrogation of waste. According to Mather (1999:6) waste is “anything other than the minimum amount of equipment, materials, parts, space, information, people and time, which are absolutely essential to add value to the business.”

Since the days of Fredrick W Taylor, manufacturing industries have been aware of the need to eliminate waste. Taylor’s goal was to improve the productivity of workers at the Bethlehem steel company (Nadworny, 1964); although there is some doubt now over the authenticity of his scientific management claims (Wrege, & Perroni, 2001). However the mindset has changed from that of eliminating waste to permit “better wages for workers, higher profits for owners and improvements to product quality and worker productivity” (Askin & Goldberg, 2002:353) to a focus on waste to realize improved flow and ultimately competitive advantage (Shingo, 1988).  An example of this new mindset is where organizations such as Toyota have adopted single piece flow throughout their manufacturing operations. Taiichi Ohno the production engineer responsible for developing the Toyota Production System (TPS), is generally acknowledged as the founder of the lean manufacturing movement.  (Reingold 1999:41) The beginnings of this lean philosophy began with the adoption of single minute exchange of dies (SMED). According to Womack et al (1990:53), in order for the Toyota lean production system to work Ohno needed “an extremely skilled and highly motivated workforce”. ‘Good enough’ was no longer acceptable, lean production systems needed employees who would willingly engage in anticipating problems rather than adopt mass production thinking and divisionalization of labour into assemblers, machinists, inspectors and repairers. Ohno recognized the importance of team working with a strong focus on sharing knowledge and collective problem solving. His next strategy was to adopt closer working relationships with suppliers. “Toyota began in the 1950s to establish a new lean production approach to components supply” (Womack et al, 1990:60). Techniques such as  ‘kanban’ were adopted to enable a flow of minimum inventory. Reducing unnecessary inventory is only part of the solution to realize waste and improved flow. Shingo (1988:71) advocates “There are many examples of waste in the workplace, but not all waste is obvious. It often appears in the guise of useful work. We must see beneath the surface and grasp the essence”.  

The essence of lean therefore is to create flow throughout the production system. The difference between  ‘push’, ‘pull’ and ‘flow’ is described below:  

Push systems – push work through the processes resulting in inventory build-up at each operation.

Pull systems – pull work from the previous operation and hence are likely to result in less inventory build-up.

Flow systems – a process that is seamless, the ultimate being continuous ‘one-piece flow’ where production flows one operation to another without inventory build-up. 

Womack & Withers (2002) state, “Lean thinkers always search aggressively to create continuous flow. However, completely continuous flow from raw material to customer is almost never possible, due to distances and process technologies”. 

Whether utopian lean is ever achieved or not, there is a distinct difference between mass production and lean production philosophy. The thinking behind lean is a continual focus on eliminating waste, thereby improving flow, quality, and cost. An example that Womack et al (1990:79) quotes to demonstrate the difference in mindsets is “Toyota believing in having little space as possible so that face-to-face communication among workers is easier, and there is no room to store inventories. General Motors by contrast, believing that extra space is necessary to work on vehicles needing repairs and to store large inventories to ensure smooth production”. The next section will explore three types of waste, notably, transport, inspection and delay as advocated by eminent practitioners such as Shigeo Shingo. 

2.2 Eliminating waste to improve flow

“The rationale behind going lean centres on creating value and removing waste both inside and between companies” (Hines et al, 2002). Taiichi Ohno devised the Toyota Production System (TPS) on the basis of the total elimination of waste (Reingold, 1999:49).  In the forward to Non-Stock Production by Shigeo Shingo (1988:xvi), Noram Bodek states “The real basis for non-stock or stockless production, says Mr Shingo, is not kanban, just-in-time, or supplier management, but the absolute elimination of waste, which can be achieved by improving the four phenomena of process: processing (e.g., machining), transport, inspection, and delay. Processing is the only one of these phenomena that adds value to a product; therefore, when Mr Shingo talks about improving the other three phenomena he means eliminating them to the greatest extent possible.”  The mindset that is required is therefore to think outside of the box.  Bodek goes on to state, “instead of investing thousands of dollars in automated warehouses, why not eliminate the need for inventory?  Rather than improve transport methods, why not reduce or eliminate transport operations by improving layout?  Instead of hiring one hundred product inspectors (which would improve only the accuracy of defect measurement) why not implement a low-cost system that prevents defects at their source and thus eliminates the need for inspection operations? Why tolerate the many different production delays? Shingo eliminates delay by implementing levelled, synchronous one-piece flow operations and exploding the myth of the economic lot with the single-minute exchange of die (SMED)” Hines et al (2002:7) state customers want value and the challenge for management is to eliminate waste (muda) – anything that does not add value to the product or service. This they say includes over-production, defects, unnecessary inventory, inappropriate processing, excessive transportation, waiting and unnecessary motion. 

The first principle of Shingo’s theory (Shingo, 1988:5) is that “production is a network of operations and processes “ Table 2.2 defines a process and operation. Shingo argues that the West have been too pre-occupied with measuring and analyzing operations when what it should be doing is finding ways to improve the flow of the process. Shingo (1988:5) states “the West ended up imagining that processes and operations are nothing more that overlapping phenomena lying on a single axis.”  

	Process refers to the flow of products from one worker to another, that is, the stages through which raw materials gradually move to become finished products. Processes are themselves composed of four phenomena: processing (or machining), inspection, transport and delay.

Operation refers to the discrete stage at which a worker may work on different products,

i.e., a human temporal and spatial flow that consistently centres around the worker.




Table 2.2  Process and operation definitions (Shingo, 1988:5)

This he states “has led to an obsession of believing that improving operation efficiency would naturally lead to improving process efficiency.” Rother (2002b) raises two important questions. “How can we organize and manage work to optimise flow in the value stream that it serves and how can we do that with minimal waste.” In other words how can the organization be both effective and efficient?  Shingo (1988) believes that focussing on the process instead of being too pre-occupied with productivity improvements at the operations level will result in improved flow, resulting in improved competitiveness. 

The diagram at figure 2.1 represents a process. The process has a series of operations, although only one is pictorially represented.  Traditional time-study improvements will result in reduced ‘standard times’ at operation A1. However, overall process time will not be proportionally reduced.  When efforts are focussed on the overall process and the elimination of non-value adding activities, the result will be improved production flow and shorter lead times (Shingo, 1988; Bell, 2002). 










Figure 2.1  The concept of operation (x axis) and process (y axis) 

(Adapted from Shingo, 1988 and Bell, 2002)

Shingo (1988:6) has advocated since 1945 the ‘independence of processes’ from that of operations. “People called for operational improvements to raise productivity of operations, but no one mentioned process improvements to raise the productivity of the process.  There was no clear understanding, moreover, that in improving production, process improvements are of the first order, while operational improvements are secondary.”

Jones and David in their forward to ‘Sustainability’ (Bateman 2001:1) state there has been a fundamental shift in production thinking. “Production managers began to optimise the process path

followed by different product families through their plants.  Lean thinking must not only focus on internal operations but the overall supply chain, for suppliers and customers effect the degree of lean that can be realized internally”. Hines et al (2002:3) state that once an organization has defined its value streams and begun to eliminate all waste, it should then begin the same process with its wider supply chain. This is reinforced by Rother (2002b) “Although a single-piece flow across the supply chain is usually still a dream, closer-coupling concepts like pull systems between facilities and milk-run deliveries can be applied with good results. Even at the supply-chain level the basic lean goals remains the same: How can we get ever nearer to having each process make only what the next process needs when it needs it?”  Researches such as Womack (1996) advocate that creating production systems that flow, result in benefits throughout the supply chain. To achieve these benefits however demands a mindset that is clearly targeted on root cause waste. 

Jones and David (Bateman, 2001:1) conclude that creating flow throughout the value stream with minimal interruptions leads to shorter lead times, reduced inventories,  “while at the same time cutting defects and eliminating lots of costly steps and human effort”. From the customers perspective this leads to significant improvements in quality, cost, delivery and responsiveness (Bateman, 2001:1). 

The following section will discuss the three categories of waste identified by Shingo (1988).

2.3 Waste 

The elimination of root cause waste is the target. (Shingo, 1988) 
2.3.1  Waste – Transport

In actual production, transport and processing consume the most man-hours.  (Shingo, 1988:28) Shingo (1988:29) talks about organizations pursuing the improvement of transport between operations by investing in new conveyor systems when what they should have done was invested

in new plant-layout processes that eliminated the need to transport the product in the first place.  “For the most part, transport merely increases a product’s cost. Every effort should be made to optimise plant layout so as to minimise or eliminate the need to move products around.  In general, delay plays the role of cushioning against production uncertainties, but it increases the production time. Delays must be reduced by eliminating the conditions that cause them or make them necessary.” (Shingo, 1988:80)

Clearly, process layout determines throughput efficiency. Slack et al (2001:184) state,  “Layout determines the way in which the transformed resources – the materials, information and customers – flow through the operation”. In designing the most efficient layout, organizations must consider a number of factors including:

· Length of flow – minimizing the distance travelled by transformed resources. 

· Clarity of flow – Clearly marked / signposted so as to ensure operations / activities are sequenced in the right order

· Inherent safety – fire exits, unauthorized access areas, uncluttered and clearly displayed access points. 

· Staff comfort – ergonomic considerations 

· Management coordination – to ensure fast / real-time and cohesive communication 

· Accessibility – for maintenance 

· Use of space – minimizing the available space.

· Long-term flexibility – designed to ensure future needs are considered

One of the prime objectives when considering the elimination of ‘transport waste’ is to eliminate unnecessary movement between operations. The above factors identified by Slack et al (2001:201) must therefore be considered when striving to achieve this objective. Process layout design according to Slack et al (2001:91) is interrelated with the design of the product / service. They call this integrative design. By considering product design, process design and job design, unnecessary movement and therefore waste in terms of transport can be avoided. 

2.3.2 Waste – Inspection

Shingo (1988:80) advocates that organizations should be concerning themselves of preventing the need for inspection. “The purpose of an inspection should be not to discover defects, but rather than prevent them”. This he says can be achieved through improved product design, improved process capabilities, fool proofing (Poka Yoke) and automation.  

The mechanization of production has led to automation, or what Toyota call autonomation or what Taiichi Ohno (Reingold, 1999:49) calls  ‘automation with a human touch’. Shingo (1988:11) however states that “workers still stand by machines supervising them” and goes on to identify an important aspect of the inspection process  “we have neglected to mechanize another important human function – the intelligence to detect abnormal situations”…... “Shifting this function to machines, frees workers from having to stay near their machines”.  In other words, organizations should be seeking ways in which process variability and the need for human intervention is itself mechanized.  Toyota now operates single flow line systems with …“prominent illuminated signs called andon giving everybody in the plant a plethora of information, including updates on the current production rate and the status of systems in the plant” (Reingold, 1999:49). The andon is a means of communicating when there is a line stoppage. “Machines are designed to stop when there is an abnormality. The andon signals that attention is required immediately and according to Ohno “forces awareness on everyone” (Reingold, 1999:49). 

Shingo (1988:13) believes  “industrial engineering techniques used in Japan to promote daily work improvement are seldom used in the West”.  The Japanese are particularly good at promoting ‘Kaizen’ techniques – daily improvements of the process. This, states Shingo (1988:13), “has tremendous impact on the relative productivity of Euro-American and Japanese workplaces respectively.”  An assumption blind spot that Shingo identifies is that Statistical Quality Control (sampling inspection) is the rational way to control defects. By moving outside the box, and using the concept of Zero Quality Control, Shingo (1988:33) advocates  “the idea of poka-yoke devices to perform rapid, trouble-free 100 percent inspection”. In other words, Shingo (1988) offers two alternatives – “quality control to reduce defects or quality control to eliminate defects”.  

Shingo (1988:35) underlines this “thinking outside the assumption blind spot” in all aspects of production. “By working back to higher systems or concepts, more thorough, basic improvements become possible.”    Slack et al (2001:610) calls this  ‘breakthrough improvement’ in which “the main vehicle of improvement is major and dramatic change in the way the operation works”. 

The elimination of inspection advocated by Shingo (1988) is therefore replaced with process improvement activities. To achieve sustainable improvements requires a culture that engages all employees and is systematic in its approach.  Bateman (2001) offers a framework that follows a logical sequence to achieving sustainable process improvements. A shift from ‘product inspection’ to process improvement begins to open avenues for investigating the ‘hidden quality problems’. 
2.3.3 Waste – Delay

Shingo states (1988:44) “we have entered an age when delays are only tolerated only on a limited group of made-to-order items such as specialized machine tools, ships and aircraft.  Shingo (1988:9) identifies two types of delay – process delay and lot delay.  A process delay is when an entire lot arrives late for work to be carried out on it. This can be due to “lack of synchronization, poor timing, variations in the size of adjacent lots and convergent processes” A lot delay is one in which as the operation processes each individual item, the remaining items are in effect waiting to be processed and are thus delayed.  Process delays can therefore be eliminated by improved synchronization and co-ordination and lot delays can be eliminated when each lot contains a unit of one.  

Pull or flow systems present the operations manager a dilemma. Does the organization scrap its MRP or ERP systems?  In their article ‘Does ERP fit in lean world’ Bradford et al (2001) compare Enterprise Resource Planning (ERP) systems and lean manufacturing. “For the past decade, organizations have spent billions of dollars and countless worker-hours installing huge integrated software packages known as enterprise resource planning (ERP) applications. Now, many manufacturing companies are realizing that the infrastructure they spent years creating is deficient on their plant floor”. This is because ERP systems are fundamentally ‘push’ systems and lean manufacturing is ultimately ‘single-piece’ flow. In single-piece flow the overall process lead time is dynamic in that there is continual effort focused on eliminating all waste and therefore ultimately achieving zero lead times between operations (Bradford et al. 2001). 

Rother (2002 b) states  “A Toyota assembly plant’s production organization, uses fewer people overall than the Big 3 assembly plants to produce a vehicle, but has a higher percentage of indirect labour. That indirect labour is there to respond to problems as they occur, making a leaner value stream (superior flow) possible.”  Pull systems by their very nature expose problems. “In fact” says

Rother (2002 b) “ if a pull system fails it was probably functioning as intended.  One of the main purposes of a supermarket pull system is to establish a more systematic (tighter) link between processes and expose problems. The failure of the pull system to work meant that it has exposed a problem. Mather (1999:26) uses the analogy of a boat sailing on a river. The river is deep, this metaphor suggesting that many organizations provide themselves with safety-nets, for example high inventory levels just in case there is a rush in demand or a product is scrapped. As an organization engages in lowering the water level by reducing stock levels, the rocks become exposed and there becomes a danger that the boat will run aground. It is for this reason that many organizations talk themselves into topping up the water level with higher stocks, over-manning, and additional activities such as dedicated inspection and repair functions to prevent production stopping.  These safety nets conveniently hide the problems of poor process layout, ineffective logistics, long changeovers, poor quality, inadequate marketing intelligence etc.

Shingo (1988) believes that if process improvements are to be realized the organization needs to rigorously investigate each activity utilizing a range of techniques such as: 

· processing techniques

· quality techniques

· layout techniques

· scheduling techniques

· management techniques

· improvement techniques

· industrial engineering techniques

When a mind-set of improving the production environment takes place by applying Taylor’s theories on work and fatigue and Gilbreth’s principles of motion economy (Shingo, 1988), throughput efficiencies can be improved.  Industrial engineering techniques such as ergonomics are increasingly becoming popular as organization focus on the ‘people’ element to reduce fatigue, which in turn improves productivity.

To achieve real breakthroughs in productivity, organizations need to attack anything that delays process flow. Shingo (1988:28)  calls this “to wring water even out of dry towels”. Example of delay include long set-up / changeovers, machine down-times, slow responses to information requests, overdue invoice payments, waiting time etc.  Challenging the status quo is at the heart of waste reduction. Where there is a belief that further improvements cannot be made, the management team need to be shown how to wring more water out of dry towels. Wringing out water according to Shingo (1988) will result in improved competitiveness. 

Competitiveness through lean manufacturing has been demonstrated in world-class terms by the Japanese shipbuilding industry, cutting lead times from ten months to four months. Shingo (1988:42) states “such examples make it clear that the consumer’s preferred allowable interval is immediate delivery.  In terms of gaining new orders, however, there is a tremendous advantage in being able to produce items of a given quality and cost with lead times five to ten times shorter than those of competitors.”

2.4 Competitive factors – quality, speed, dependability, flexibility and cost

Kanter (1989) suggests that organizations should be designed to be fast, focussed, flexible and friendly (appendix 2.3).  This she says will enable them to be competitive.  Slack et al (2001:140) believes that competitive advantage can be improved through integrative design, encompassing product design and process design. By merging the two activities, process efficiencies can be gained allowing for reduced time to market (TTM). “Shorter TTM means that companies get more opportunities to improve performance of their products or services” (Slack et al 2001:140) 

To improve performance Slack et al (2001) believes the operations manager must establish a set of performance objectives.  “The broad objectives which operations must pursue to satisfy stakeholders form the backdrop to all operations decision-making. However, at an operations level, we require a more tightly defined set of objectives” (Slack et al 2001:44).  Figure 2.2 shows how the five performance objectives - quality, speed, dependability, flexibility and cost - affect internal productivity and external competitive factors. 

The following section will explore the opportunities available for lean manufacturing philosophies to realize both internal and external performance objectives that may result in improved competitiveness.

2.4.1 Competitive factors – quality

White (1996:6) states,  “No longer will customers put up with less than top quality. In a market with less fixed size and with a widening range of suppliers, customers reign supreme: they can choose to be choosey and they can demand higher and higher levels of service and quality”. Juran (1979:2-2) defines quality as ‘fitness for use’.  The two components of this definition are the ‘quality of design’ and ‘quality of conformance’. The problem with this definition is that it is not very dynamic in terms of continuous quality improvement. Customer ‘needs’ now go beyond conformance to the design specification of the physical product. They are demanding shorter lead-time, precise delivery times, flexibility in scheduling and end-to-end whole life competitive pricing (Slack et al (2001:44-58).

Although quality management systems have traditionally be focused on assuring consistency in terms of the quality of design / conformance, the new ISO 9001:2000 international standard for quality management presents a more pro-active approach to continuous quality improvement. Despite its business focus the new standard still falls short of the Malcolm Baldridge and European Foundation for Quality Management (EFQM) business excellence models. There is however scope within this standard for an organization to look at broader issues other than pure quality of conformance issues. 

The ISO 9001:2000 standard is process based. At the heart of the standard lies a responsibility for the boardroom to establish a programme of continuing process improvement linked to ‘macro’ business objectives that in turn are linked to a set of performance objectives at the functional level. The overall aim of the standard is to realize continuing improvement at the process level, linked to business objectives that ultimately satisfy the requirements of the customer and the environment in which the organization operates. The new standard presents opportunities for the organization to adopt lean thinking based on the broader concepts of Total Quality Management.  Systems such as ISO 9001:2000 therefore act as a solid foundation that aid the development of lean thinking. 

Jim Womack, (2002 b) President of Lean Enterprise, Inc. states “This summer I visited a remarkable air brakes plant belonging to the TVS Group that is one of the leanest operations I have ever seen outside of Toyota City. TVS started their journey in the late 1980s with TQM (Total Quality Management) and by 1996 their break plant became the first outside of Japan to win the Deming Prize.” Womack advocates removing waste through TQM and introducing flow and pull in every value stream.  Total Quality Management (TQM) has at its centre a philosophy of continuous quality improvement, which is central to lean thinking.  

Mather (1999:5) however states “Many of the quality programs now in vogue are not achieving the success that was expected. Statistical process control (SPC), Total Quality Control [Total Quality Management] and other programs, although fundamentally correct, lack a driver to force them into a company’s conscience. That driver is logistics, a focus on a fast flow of products through a company”.  He however goes on to state “Combine a focus on logistics with a good quality program and you have a synergistic attack on the quality problems of the business. The improvement in quality will be fast and dramatic.” The Institute of Personnel and Development (1995:34) state, “There is increasing survey evidence that the majority of TQM initiatives have not produced the desired results”. Their report goes on to state that there is “too much emphasis on processes and not enough on results and a failure to achieve changed attitude and culture”. 
















Figure 2.2  Performance objectives and internal and external effects

Slack et al (2001:57)

Total Quality Management has a whole range of tools that can be utilized to improve product and process design. A number of these tools and techniques are shown in appendix 2.4. These have traditionally been developed for manufacturing operations. Davis (2002) however, suggests that we must adopt lean thinking throughout the organization other than just manufacturing processes, “The administrative/ service process is an important aspect of lean manufacturing”. To achieve lean thinking he identifies a number of core ideologies that are shown in appendix 2.5. Shingo states (1988:71) “The real problem is thinking there are no problems.  To identify a problem, one must be constructively dissatisfied with the status quo. People who are completely satisfied with it will not be contemplating any improvements.”  Discussing ‘waste elimination’, Shingo (1988:71) argues  “Often, though, a company will try to implement an improvement program with an appeal to “Eliminate Waste” or to “TELL us what you think is wrong.” But such improvement programs will usually not succeed unless they are accompanied by a clear understanding of what waste is and an alertness to possible trouble points in a seemingly trouble-free environment.” 

What is becoming clear is that there must be a shift from purely thinking in terms of improving the product or service design to the development of an ‘organization mindset’ focused on improving the process. This demands a third element in addition to the integrative design concept of product and process design presented by Slack el al (2001:140). This third element is people, the employees of the organization. Organizational cultures, structure, culture, job design, degree of centralization / decentralization, and leadership style are all factors that influence improvement and change programmes (Robbins & Coulter, 2002:348-353). The Institute of Personnel and Development (1995:5) commissioned the University of Bath and University of Warwick to determine the impact on “the human dimension” of lean techniques and systems. The study identified that organizations “failed to address human resource implications” (see Appendix 2.5.1). This suggests that if organizations are to realize lean benefits they must integrate products, process with people. 

TQM does not by itself appear to go far enough in creating flow and lean production. However if the ethos of TQM within the organization is that of customer focus and continuous improvement, then lean philosophies will be much easier to promote and implement. 

The Toyota Production System in the early 1960s utilized Kaizen to engage people in continuous improvement to reduce waste, set-uptimes, lead times and improve quality and the safety of workers (Syverson, 2001).   In an interview with Automotive Manufacturing and Production (2000) Mike DaPrile, vice president-Manufacturing, Toyota Motor Manufacturing-Kentucky states, “ people come first. One of the things that we do for efficiency and lean manufacturing is putting responsibility in worker’s hands. I know that sounds naïve, but it is not”. According to Wittenberg (1994) the Kaizen concept (Appendix 2.6) is crucial to understanding the differences between the Japanese and the Western approaches to management.  The desire to continually improve the product, process and people is best summed up by the following quote “While we improved we created the means for improvement” Toshio Mizushima (Toyota Motor Manufacturing (UK) Ltd (Reingold, 1999:45). This mindset demonstrates that competitiveness can be sought by creating a culture that is built on an ethos of continuous improvement in a lean environment.

2.4.2 Competitive factors – speed

Slack et al. (2001) states “Speed is concerned with how long customers have to wait to receive their products or services”. To support his lean manufacturing philosophy Taiichi Ohno introduced a number of support techniques for the Toyota Production System (TPS) such as just-in-time – “having the right parts, at the time need, and no more than needed” (Reingold, 1999:49).

Furthermore, when discussing time and the problem of activities ‘taking too long’, Shingo (1988:74) states, “It is really meaningless to complain just about their duration. The real culprit is the structure of the motions themselves; this is what causes them to take so long. It may be necessary to restructure the task to which the motions are tailored.”

Rother (2002 b) states “The flow or value stream perspective represents a shift from vertical to horizontal thinking. Horizontal thinking means looking across traditional vertical structures of functions and departments to connect activities in the stream of value flowing from suppliers through the organization, and to customers. In other words, concentrating on overall flow means focusing on system efficiency rather than on just the point efficiency of individual elements in your organization”  He goes on to identify the goals for most production systems, that being, “a  continual reduction in lead time, which requires that processing steps in the value stream become more closely coupled to one another, allowing value to more efficiently flow across  them.”  The principles of lean manufacturing should therefore include ‘end to end’ activities including administrative sales order processing activities and the distribution of the product. 

Gregory (2002) discussing the take up of lean manufacturing in the UK gives an example of how lean manufacturing can reduce lead times. Loma Systems, manufacturers of bespoke metal detection, checkweighting, x-ray inspection, temperature measurement and information systems for the food processing industry has reduced its typical lead times from 10-14 weeks to 2-4 weeks. “Its lead times are considered to be the best in the industry.” Their intensive lean programme include those shown in table 2.3.

	· Cell-based manufacturing in assembly and test areas

· One-piece flow for detector products

· Use of value stream mapping techniques to cut unnecessary administration 

       from its order processing (Cut three weeks off lead time)

· Rationalization programme of supplier base (760 to 120 over three years)

· Vendor managed inventory as part of its supply chain alignment

· Removal of central stores and the kitting function from the shop floor




Table 2.3  Elements of a lean programme at Loma Systems 

Source: Gregory (2002)

2.4.3 Competitive factors – dependability

Dependability is the ability of the organization to meet delivery promises.  There are a number of factors that may affect the ability of an organization to meet scheduled deliveries. These include the layout of the process, human and technological capabilities, peaks in demand, absenteeism and motivation of the workforce. Another important area to consider is plant maintenance. The later incorporates not only a scheduled and proactive approach to servicing equipment but also includes housekeeping practices (Goodson, 2002:4) “In a clean and orderly plant, parts are easy to find, inventory easy to count or estimate, and products move safely and efficiently”. Sheridan (1997) identifies the 5 Ss of good housekeeping enabling organizations to focus on the elimination of waste, and reduce unnecessary motion (table 2.4).

	Seiri (sort) – separate out all the things that are unnecessary and eliminate them

Seiton (straighten) – arrange the essential things in order so that they can be easily accessed

Seiso (scrub) – keep machines and working environment clean

Seiketsu (systematize) – make cleaning and checking a routine practice

Shitsuke (standardize) – standardize the previous four steps to make the process one that never ends – and that can be improved upon.




Table 2.4  The Five Ss 

Source: Sheridan (1997)

Womack & Withers (2002) state that to improve machine ‘uptime’ total productive maintenance should be adopted.  Dunn (2002) suggests that this can be achieved through predictive maintenance (PdM). He offers five important analysis techniques:

1. Data comparison – recognition of changes in data as compared to earlier data or baseline data on similar equipment

2. Limit or range tests – specifically to discover operating parameters that do not follow continuous trends or repeatable patterns 

3. Pattern recognition – identification of deviations from established patterns

4. Correlation analysis – comparison of data from multiple sources, related technologies or different analysts

5. Statistical process analysis – use of statistical techniques to identify deviations from norm.

Norman (2002) states “The professional maintenance manager must believe in the fact that every aspect of manufacturing productivity and quality has its roots in the maintenance function.

Another area that may affect the ability of an organization deliver on time is employee time-keeping and safety record. If the organization has a de-motivated workforce, high absenteeism or a poor safety record then delivery promises may not be met.  Getty (2002) offers an alternative to Total Quality Management (TQM).  “There is a strong correlation between employee satisfaction and customer satisfaction.” His research at Lockheed Martin Tactical Aircraft Systems, Fort Worth, Texas has identified that productivity improvements can be gained by adopting ergonomic strategies.   “When improving processes for Total Quality Management (TQM) or continuous improvement, the focus is on how to improve the process in order to achieve a better quality product or service.  In contrast, the focus in ergonomics is on how to improve the process to make it more compatible with the person performing the process or task. He states, “Once employees and management saw the potential for ergonomics improvements to their work area, this requirement became equal with quality and productivity as an objective.”  The adoption of ergonomics is a key factor in eliminating waste and fits with lean manufacturing concepts. By designing the work environment in such a way as to make the employee more comfortable, waste factors in terms of injury, absenteeism and compensation claims have been reduced (Table 2.5). 

	· Lost Work Day Rate decreased 78% from 1992 to 1996

· Workers’ compensation costs decreased 60% from 1992 to 1996




Table 2.5  Performance improvements at Lockheed Martin Tactical Aircraft Systems 

as a result of their ergonomics programme 

Source: Getty (2002)

Ergonomics plays a key part in improving productivity by focussing on the person in the manufacturing environment. Ergonomics is increasingly being adopted by lean thinking organizations.  “Both lean manufacturing and ergonomics have their origins in industrial engineering. These two disciplines are concerned with improving efficiency, lowering costs, and improving quality by reducing and/or eliminating unnecessary or harmful actions” (Zavitic, 2002). Table 2.6 identifies the principles of ergonomics and compares it with lean concepts.  “Focussing on human capabilities and needs can have a significant impact on quality and productivity”.  Simple workstation design to aid efficient ‘motion’ reduces fatigue and improves productivity by reducing ‘operation’ times  (Zavitic, 2002).

	ERGONOMICS
	LEAN



	Primary focus:  Person in the manufacturing environment


	Primary focus:  Manufacturing

environment

	Primary goal:  Improve safety and efficiency by reducing risk factors


	Primary goal:  Improve delivery and efficiency by reducing waste

	Most common risk factor:  Awkward body postures, forceful exertions, repetitive motions, mechanical stress, and vibration
	Most common form of waste: Overproduction, waiting, transportation, processing, unnecessary motions, excessive inventory, defects



	Results:  Improved human efficiency, reduced worker compensation costs, improved quality of life for the employee and the work environment


	Results:  Improved manufacturing efficiency, lowered costs, improved product quality




TABLE 2.6  Man vs. Machine. The concepts of ergonomics and lean manufacturing 

Source: Ben Zavitac (2002)

Dependability as a competitive performance indicator can therefore be improved by focussing on:

· Plant maintenance – PdM 

· Housekeeping – 5S

· Employee welfare – Ergonomics 

2.4.4 Competitive factors – flexibility 

Womack (1990:12) discusses the concept of mass production vs. lean production and likens lean production to early craft production. “The craft producer uses highly skilled workers and simple but flexible tools to make exactly what the consumer asks for”. This degree of flexibility in terms of product mix is the issue for the modern day production system. The Toyota Production System has managed to utilise the strengths of craft and mass production and created a flexible lean system. ‘What our predecessors did at Toyota was combine the lean efficiency of the craftsman (making a whole product by himself, without a stockpile of semi-finished goods) with the gross productivity of mass production” Reingold (1999:64)
Investment in automated processes may be an area that organizations wish to consider when adopting lean manufacturing. Full automation is very costly and can lead to inflexibility as the equipment may have been designed specially for a particular product or group of products. Pre-automation and full automation gives production flexibility enabling what Shingo (1988) describes as multiple machine (same machines controlled by operative) and multi-process operations whereby the operative is responsible for different machines in the process flow. However, automation, because of the cost factor has also led organizations down the ‘mass production’ route Womack et al (1990:13) state, “Because the machinery costs so much and is so intolerant of disruption, the mass-producer adds many buffers – extra supplies, extra workers, and extra space – to assure smooth production”. Flexibility in terms of broader product offer – and ultimately customerization – suffers due to production systems that have excessive stocks and the perceived need to mass produce a limited product offer”. Womack et al (1990:13) adds “The lean producer, by contrast, combines the advantages of craft and mass production, while avoiding the high cost of the former and the rigidity of the latter”.

Chrisopher & Towill (2000) however argue,  “many companies that have adopted lean manufacturing as a business practice are anything but agile in their supply chain”.  They state that “A key characteristic of an agile organization is flexibility”. Agility therefore demands close collaboration with the supply chain, including a higher degree of cooperation between companies including collaborative virtual partnerships with competitors where necessary; customization of products, higher sensitivity to customer demands and higher skill levels  (Hormozi, 2001).  Traditional lean thinking therefore needs to extend beyond the lean philosophy boundaries and explore additional areas of agile manufacturing philosophies to secure maximum competitiveness in terms of flexibility. Flexibility from a competitive viewpoint, in terms customer demands, will only be achieved by extending lean philosophy with agile production. (Christopher  & Towill , 2000 and Hormozi, 2001). Appendix 2.9 identifies a number of key characteristics of agile production. 

According to Slack et al (2001) “customers will need the operation to change so that it can provide four types of requirement”.

· Product/ service flexibility – different products and services

· Mix flexibility – a wide range or mix of products and services

· Volume flexibility – different quantities or volumes of products and services

· Delivery flexibility – different delivery times

According to Christopher and Towill (2000) agility will demand “the ability to maintain lean ‘generic components’ – standardized generic platforms upstream of the process from which customized products can be manufactured downstream (Christopher & Towill, 2000). 

One company that has achieved agile production according to Miller (1995) is Leyland Trucks. Their lean philosophy is to create agility within the workforce and with their suppliers. The Leyland Trucks Production System (LTPS) is driven through its people “with a major focus being the four cornerstones of training, team building, empowerment and involvement. Their build-to-order strategy is based on internal lean strategies and flexibility. The organization is also developing manufacturing partnerships “to support their learning and implementation of lean enterprise”.

2.4.5 Competitive factors – cost

The objective of lean thinking according to the Lean Enterprise Institute (2002) is to “increase profit”. This is achieved by the following equation (Shingo, 1988):


Profit = Selling price – cost    (Traditional cost model)

According to Shingo (1988:25) the following equation is fundamentally different from the traditional cost model:

   
Cost + profit = selling price   (Lean cost model)

            Where the market dictates selling price

“Toyota realized that selling price is dictated by the market and cannot be increased. Therefore the only way to increase profit is to decrease cost.  Shingo (1988:36) states:  “People used to think that only three factors could produce profit in production activities:

1. Lower material costs

2. Lower labour costs

3. Lower indirect costs

Yet one extremely important factor to generate profit was overlooked – higher capital turnover rate – that is raising profits by reducing inventories. Experience confirms that getting rid of inventory lowers labour costs by approximately 40 percent.”

Shingo (1988:21) describes stock as a narcotic. He states, “Stock immediately and easily eases the pain accompanying a broad range of production problems. As with other drugs, increasingly large doses of stock are required to sustain the effect, and inventory grows gradually once a taste for the “drug” is acquired. Our tolerance for stock increases over time and we find we cannot feel secure without it.”   Shingo (1988:22) re-iterates his views of stock when he states, “Indeed, the absolute elimination of stock lies at the heart of the non-stock production system, a system that overcomes the factors traditionally thought to create demand for stock.” The use of economic lot and minimum stock levels has been superseded by ‘drastic reduction in set-up times’ through the conceptual use of SMED (Shingo, 1988:31).   A significant change in the way products will be purchased in the near future according to Womack (2002 b) is that “consumers will pay less for products in exchange for giving advance notice, similar to the way airline ticket purchases work today.” This he believes has benefits for lean manufacturing organizations.  This new relationship building between manufacturer and consumer gives the manufacturer advance notice to schedule production and gives the consumer a good price.

The Lean Enterprise Institute (2002) in their review of the Theory of Constraints (Goldratt & Cox) and Lean Thinking (Womack & Jones) state “By walking the value stream, from finished goods to raw materials and repeatedly asking: “Are my customers willing to pay for this?”, the lean change agent identifies opportunities for eliminating waste from the system”. Theory of constraints offers an alternative approach to achieving profit improvement (Appendix 2.7). They state, “The goal should be to maximise throughput while minimizing inventory and expenses”

Lean thinking leads to profit according to Hines, Silvi and Bartolini (2002).  Their ‘3Day Car Programme’ sponsored by the Engineering and Physical Science Research Council / Foresight Vehicle and a network of over twenty UK-based automotive industry firms ran from 1999 to 2001.  Hines, et al (2002) the authors of the research report state, “Whilst there are undoubted islands of excellence in the automotive industry, a truly effective focus on delivering sustainable profitability has not yet been achieved”. They offer a six point step-by-step process (Appendix 2.8) to achieving ‘lean profit potential’ for both the automotive industry and other manufacturing sectors.    

Dossenbach (2001) states, “One of the major costs of wood products manufacturing is the human effort. While it is usually third behind raw materials and overhead costs, labour cost is substantial and if excessive, can squeeze or eliminate profits altogether or cause serious competitive pricing problems”.  From a lean perspective Dossenbach states that management must not walk away from the same philosophy it advocates for other non-value waste such as excess inventory. “It is important to draw the distinction between those people who provide a necessary function and those who do not – whether they are direct or indirect. The goal of every supervisor should be to eliminate all those unnecessary job functions and thus those who perform them. 

Womack (2002 c) believes “the real telltale for lean is inventories. The car guys improved in their inventory turns better than anybody else did during the 1990s, [15 inventory turns a year to 25 during the period]”.  He believes that this can be improved to 50 to 60 turns. He warns against getting rid of inventory without creating flow, or thinking that lean is all about lean production, when what he has always advocated is lean thinking throughout the whole organization including sales, marketing, purchasing and administration. “You see these purchasing guys who are totally clueless about hours of engineering and travel that will be involved in outsourcing content to Mexico or Asia”.

According to Chappell (2002) “Lean isn’t really about labour productivity, and that’s hard for the industry (automotive industry) to accept. It’s about removing waste from the manufacturing process and building quality”.  A view articulated in ‘Manufacturing Systems’ (2002) is that “the value of lean is increasingly being sought across the full range of business and manufacturing processes found in today’s enterprise. Successful companies thereby adopt lean principles to create a culture of persistent improvement across all organizational levels and beyond their organizational boundaries.” Techniques they are using include “business process management and automation, business intelligence, advanced planning and scheduling and customer relationship management in support of lean objectives”.

Meier (2001) concludes, “The challenge is to resist our normal human instinct to seek comfort rather than discomfort and the stress of a lean system can be very uncomfortable if it is not reliable. The key is to continually push beyond the ‘comfort zone’ (the sensible level) and drive continuous improvement to develop and strengthen system reliability. The benefits of lean are great, but they come at a price. That price is hard work and dedicated determination”.

2.5 Conclusions, hypothesis and summary 

In conclusion, I feel there is scope in making assumptions of the validity of lean manufacturing principles being applied to the contract furniture industry. I base these assumptions on the fact that a number of authors (Shingo,1988; and  Womack,1990) have stated that once an organization goes beyond its basic fabrication technologies then the principles and techniques of lean manufacturing are very much generic. Given therefore, that lean manufacturing has led to increased competitiveness in a number of industries, notably the automotive industry I conclude this literature review by offering the following hypothesis:

Can the adoption of lean manufacturing strategies improve competitiveness in the UK contract furniture industry? 

This chapter has extensively reviewed the theories of lean manufacturing as a strategy for improving competitiveness. The basis of lean is the elimination of waste in terms of excessive transport, inspection and delay. Five competitive indicators have been highlighted, notably quality, speed, dependability, flexibility and cost. By adopting lean principles and techniques, such as Total Quality Management, one-piece flow, improved process layout, integrative design, and the elimination of stock, organizations should be able to improve their competitive position.  

Improving operations through traditional time study techniques results in little overall process efficiencies. Focussing on the process, in particular the elimination of inspection, transport and delay results in improved process flow.





Process A                 Process A                      Process A


Before                       After ‘time-study            After ‘process 


improvements           productivity                    improvements’ to 


                                  improvements’               improve flow


    





       Operation                    Operation                     Operation


        A1                               A1                                 A1





‘y’ axis





‘x’ axis





Process Flow / Time





SPEED





QUALITY





FLEXIBILITY





COST





DEPENDABILITY











High total


productivity





Reliable operation





Fast throughput





Error-free


processes





Ability to change





INTERNAL EFFECTS OF


THE FIVE 


PERFORMANCE OBJECTIVES





Low price, high margin, or both





Frequent new products/services





Wide product/service range





Volume and


delivery adjustments





On-specification products/services





Short delivery          lead times





Dependable delivery





EXTERNAL EFFECTS OF THE FIVE PERFORMANCE OBJECTIVES





Result of overall process improvement after improvements to operation A1




































































PAGE  
4
Indulis L Svikis MBA 


