MNO 3701 Production & Ops Management
Chapter 8
Lean Operations & JIT

What is lean and just-in-time?
The key principle of lean operations is relatively straightforward to understand - it means moving towards the elimination of all waste in order to develop an operation that is faster, more dependable, produces higher-quality products and services and, above all, operates at low cost. 

Often used interchangeably with 'lean' - just-in-time or sometimes lean synchronisation. At its most basic, JIT can be taken literally. It means producing goods and services exactly when they are needed: not before they are needed so that they wait as inventory, nor after they are needed so that it is the customers who have to wait. 

JIT aims to meet demand instantaneously, with perfect quality and no waste.

The main argument against this traditional approach lies in the very conditions it seeks to promote, namely the insulation of the stages from one another. When a problem occurs at one stage, the problem will not immediately be apparent elsewhere in the process

Here items are worked on and then passed directly to the next stage 'just-in-time'. Problems at any stage have a very different effect in such a process. 

One result of this is that the responsibility for solving the problem is no longer confined to the staff at stage A but is now shared by everyone. 

By preventing inventory from accumulating between stages, the operation has increased the chances of the intrinsic efficiency of the plant being improved.

Although simplified, this example highlights the differences between a traditional and a JIT approach. 

Traditional approaches seek to encourage efficiency by protecting each part of the operation from disruption. Long, uninterrupted runs are its ideal state. The JIT approach takes the opposite view. 

Exposure of processes to problems can both make them more evident and change the 'motivation structure' of the whole system towards solving the problems. 

JIT sees inventory as a 'blanket of obscurity' which lies over the processes and prevents problems being noticed

[bookmark: bookmark0]JIT and capacity utilisation
Even in advanced lean operations, achieving high standards in all performance objectives demands some sacrifice. In JIT the main sacrifice is capacity utilisation.	

When stoppages occur in the traditional system, the	buffers allow each stage to continue working and thus achieve high capacity utilisation. The high utilisation does not necessarily make the process as a whole produce more. Often extra 'production' goes into buffer inventories. (b) JIT approach


In a lean process, any stoppage will affect the whole process. This will necessarily lead to lower capacity utilisation, at least in the short term. 

There is no point in producing output just for its own sake. Unless the output is useful and causes the operation as a whole to produce saleable products, there is no point in producing it anyway. In fact, producing just to keep utilisation high is not only pointless, it is counter-productive because the extra inventory produced merely serves to make improvements less likely

See figure 15.4 on page 437 of the text book
















Lean - a philosophy and a set of JIT techniques

Lean can be viewed as a philosophy of operations management. 

It gives a clear view which can be used to guide the way operations are managed in many different contexts. 

Within this philosophy there is a collection of many tools and techniques that both implement and support the lean philosophy. These techniques are more generally called just-in-time techniques. 

[bookmark: bookmark2]The lean philosophy
The lean approach to managing operations is founded on doing the simple things well, on gradually doing them better and on squeezing out waste every step of the way.

Three key issues define the lean philosophy that in turn underpins the techniques of JIT: 

· the elimination of waste, 
· the involvement of staff in the operation 
· the drive for continuous improvement.

See Figure 15.5 on page 438 of the text book












[bookmark: bookmark3]Eliminate waste
Waste can be defined as any activity which does not add value. Two simple devices are commonly used in lean improvement. One, 'the seven forms of waste', is concerned with identifying waste as the first step towards eliminating it; the other, 'the 5Ss', is a simple set of principles for reducing waste.

The seven forms of waste
Toyota has identified seven forms of waste, which have been found to apply in many different types of operations - both service and production - and which form the core of lean philosophy.

· Over-production. Producing more than is immediately needed by the next process in the operation is the greatest source of waste according to Toyota.

· Waiting time. Equipment efficiency and labour efficiency are two popular measures which are widely used to measure equipment and labour waiting time, respectively. 

· Transport. Moving items around the operation, together with the double and triple handling of WIP, does not add value..

· Process. The process itself may be a source of waste..

· Inventory. All inventory should become a target for elimination. 

· Motion. An operator may look busy but sometimes no value is being added by the work. 

· Defectives. Quality waste is often very significant in operations. 

The 5Ss
The	5-S	terminology comes originally from Japan and although the translation into English is
approximate, they are generally taken to represent the following:

1. Sort (Seiri). Eliminate what is not needed and keep what is needed.
2. Straighten (Seiton). Position things in such a way that they can be easily reached whenever they are needed.
3. Shine (Seiso). Keep things clean and tidy; no refuse or dirt in the work area.
4. Standardise (Seiketsu). Maintain cleanliness and order - perpetual neatness.
5. Sustain (Shitsuke). Develop a commitment and pride in keeping to standards.

The 5Ss can be thought of as a simple housekeeping methodology to organise work areas that focuses on visual order, organisation, cleanliness and standardisation. 

Helps to eliminate all types of waste relating to uncertainty, waiting, searching for relevant information, creating variation and so on. 

By eliminating what is unnecessary and making everything clear and predictable, clutter is reduced, needed items are always in the same place and work is made easier and faster.

[bookmark: bookmark7]Throughput time
Throughput time is often taken as a surrogate measure for waste in a process. 

The longer that items being processed are held in inventory, moved, checked or subject to anything else that does not add value, the longer they take to progress through the process

Value stream mapping
Value stream mapping is a simple but effective approach to understanding the flow of material and information as a product or service has value added as it progresses through a process, operation or supply chain. 

It visually maps a product or services 'production' path from start to finish. It records not only the direct activities of creating products and services but also the 'indirect' information systems that support the direct process. 


It is called 'value stream' mapping because it focuses on value-adding activities and distinguishes between value-adding and non-value-adding activities. It is similar to process mapping but different in four ways:

· it uses a broader range of information than most process maps;
· it is usually at a higher level (5-10 activities) than most process maps;
· it often has a wider scope, frequently spanning the whole supply chain;
· It can be used to identify where to focus future improvement activities.

A value stream perspective involves working on (and improving) the 'big picture' rather than just optimising individual processes. Value stream mapping is seen by many practitioners as a starting point to help recognise waste and identify its causes. 

It is a four-step technique that identifies waste and suggests ways in which activities can be streamlined. 

First, it involves identifying the value stream (the process, operation or supply chain) to map. 

Second, it involves physically mapping a process, then above it mapping the information flow that enables the process to occur. This is the so-called 'current state' map. 

Third, problems are diagnosed and changes suggested making a future state map that represents the improved process, operation or supply chain. Finally, the changes are implemented.

The type of data collected here does vary, but all types of value stream map compare the total throughput time with the amount of value added time within the larger process.

See FIGURE 15.6 Value stream map for an industrial air-conditioning installation service – page 441


[bookmark: bookmark8]The involvement of everyone
Lean philosophy is often put forward as a 'total' system. Its aim is to provide guidelines which embrace everyone and every process in the organisation. 

An organisation's culture is seen as being important in supporting these objectives through an emphasis on involving all of the organisation's staff. 

New culture is sometimes seen as synonymous with 'total quality. The lean (and JIT) approach to people management has also been called the respect-for-humans system. 

It encourages team-based problem solving, job enrichment, job rotation and multiskilling. 

The intention is to encourage a high degree of personal responsibility, engagement and 'ownership' of the job.

Continuous improvement - Kaizen
Lean objectives are often expressed as ideals, such as our previous definition: 'to meet demand instantaneously with perfect quality and no waste'. 

Without such beliefs to drive progress, lean proponents claim improvement is more likely to be transitory than continuous. This is why the concept of continuous improvement is such an important part of the lean philosophy. 

If its aims are set in terms of ideals which individual organisations may never fully achieve, then the emphasis must be on the way in which an organistaion moves closer to the ideal state.






JIT Techniques

Adopt basic working practices
 Basic working practices can be considered as the method of operationalising the ‘involvement of everyone' lean principle. They are held to be the basic preparation of the operation and its staff for implementing JIT. They include the following:

· Discipline - Work standards must be followed by everyone all the time.

· Flexibility - should be possible to expand responsibilities to the extent of people's capabilities. 

· Equality - Unfair and divisive personnel policies should be discarded. 

· Autonomy- Delegate increasing responsibility to people involved in direct activities of the business, so that management's task becomes one of supporting the shop floor. Delegation means such things as giving direct line staff the responsibility for stopping processes in the event of problems, scheduling work and materials arrival, gathering performance-monitoring data and general problem solving.

· Development of personnel - to create more company members who can support the rigours of being competitive.

· Quality of working life (QWL) - involvement in decision making, security of employment, enjoyment and working area facilities.

· Creativity - one of the indispensable elements of motivation. 

· Total people involvement - Staff take on much more responsibility to use their abilities to the benefit of the company as a whole.

Design for ease of processing
Design improvements can dramatically reduce product cost through changes in the number of components and sub-assemblies and better use of materials and processing techniques.
Emphasise operations focus
The concept behind operations focus is that simplicity, repetition and experience breed competence.8 Focus within operations means:
· learning to focus each process on a limited, manageable sets of products, technologies, volumes and markets

· learning to structure operations objectives and those of all supporting services so that they are focused and coherent rather than being inconsistent and conflicting.

[bookmark: bookmark14]Use small, simple machines
Small machines have several advantages over large ones. 
They can process different products and services simultaneously.
The system is also more robust. If one large machine breaks down the whole system ceases to operate. If one of the three smaller machines breaks down, it is still operating at two-thirds effectiveness. Small machines are also easily moved
Layout for smooth flow
The smooth flow of materials, data and people in the operation is important in JIT. 

Long process routes around an operation provide opportunities for delay and inventory build-up, add no value to the products and slow down the throughput time of products. 

Typical lean layout techniques include placing workstations close together so that inventory cannot build up, placing workstations in such a way that all those who contribute to a common activity are in sight of each other, using U-shaped lines.

Adopt total productive maintenance (TPM)
Total productive maintenance aims to eliminate the variability in operations processes caused by the effect of unplanned breakdowns. 

Achieved by involving everyone in the search for maintenance improvements. 

Process owners are encouraged to assume ownership of their machines and to undertake routine maintenance and simple repair tasks. By so doing, maintenance specialists can then be freed to develop higher-order skills for improved maintenance systems.

Reduce setup times
Defined as the time taken to change over the process from one activity to the next 

Setup reduction can be achieved by a variety of methods such as cutting out time taken to search for tools and equipment, the pre-preparation of tasks which delay changeovers and the constant practice of setup routines.
 
Setup time reduction is also called single minute exchange of dies (SMED) 

The other common approach to setup time reduction is to convert work which was previously performed while the machine was stopped (called internal work) to work that is performed while the machine is running (called external work). 

There are three major methods of achieving the transfer of internal setup work to external work:

· pre-set tools so that a complete unit is fixed to the machine instead of having to be built up while the machine is stopped. 

All adjustment should be carried out externally, so that the Internal setup is an assembly operation only

· attach the different tools to a standard fixture. Enables the internal setup to consist of a simple and standardised assembly operation.

· facilitate the loading and unloading of new tools by using simple devices such as roller conveyors.

[bookmark: bookmark18]Ensure visibility
The more transparent an operation is, the easier it is for all staff to share in its management and improvement.

A particularly important technique used to ensure visibility of quality problems is the use of visual signals to indicate when a problem occurs and usually stops the process.



See Table 15.1  in the TB - 447



	Operation The lean/JIT approach management activities

	Operations strategy
	Be clear about operations objectives and adopt a 'focus' strategy where possible so that processes concentrate on a narrow set of products, services or objectives.

	Process design
	Ensure smooth flow along processes and fast throughput by working on small batches and balancing capacity and flow.

	Product/service design
	Design for ease of processing (called design for manufacturability in many industries).

	Supply strategy and supply 
	Encourage other parts of the supply chain to adopt lean principles,  despatch small consignments frequently rather than large receive and consignments infrequently.

	Layout
	Reduce the distance travelled along a process route as much as possible and make routes obvious.

	Process technology
	Use small flexible process equipment, preferably that can be moved into different configurations.

	Job design
	Concentrate on equipping staff with necessary skills, being clear what is expected and encourage autonomy.

	Process planning and control
	Use pull control principles, produce nothing until it is needed.

	Inventory
	Minimise inventory wherever possible because it obscures problems and slows throughput.

	Improvement
	Improvement must be continuous. It is the momentum of improvement which is more important than the rate of improvement.

	Maintenance
	All unexpected breakdown is waste; concentrate on preventing disruption through total productive maintenance (Chapter 19).

	Quality management
	All errors are further sources of waste; everyone in the operation must be involved in reaching an error-free state.




[bookmark: bookmark24]JIT planning and control
Poor Inventory timing causes unpredictability in an operation which, in turn, causes waste because people hold stock, capacity or time to protect themselves Inventory timing is governed by the two schools of thought: push planning and control, and pull planning and control. 

JIT planning and control Is based on the principle of a pull system’, while the MRP approach to planning and control, described in the previous chapter. Is a 'push system'.
[bookmark: bookmark25]



Kanban control
Kanban has sometimes been used as being equivalent to 'JIT planning and control' i which It is not) or even to the whole of JIT.

Kanban control is one method of operationalising a pull-based planning and control system. Kanban is the Japanese for card or signal. 

In its simplest form, it is a card used by a customer stage to instruct its supplier stage to send more materials. Kanbans can also take other forms. In some Japanese companies, they are solid plastic markers or even coloured ping-pong balls, 

There are also different types of kanban:

· The move or conveyance kanban. A move kanban is used to signal to a previous stage that material can be withdrawn from inventory and transferred to a specific destination. 

· The production kanban. This is a signal to a production process that it can start producing a part or item to be placed in an inventory. The information contained on this type of kanban usually includes the particular part's name and number, a description of the process itself, the materials required for the production of the part and the destination to which the part or parts need to be sent when they are produced.

· The vendor kanban. These are used to signal to a supplier to send material or parts to a stage. In this way. it is similar to a move kanban but it is usually used with external suppliers.

Whichever kind of kanban is being used, the principle is always the same; that is, that the receipt of a kanban triggers the movement, production or supply of one unit or a standard container of units.

Other variants include container-as-kanban and colour-coded tokens

There are two procedures which can govern the use of kanbans. 

Known as the singlecard system and the dual-card system. 

The single-card system is most often used because it is by far the simplest system to operate. Uses only move kanbans (or vendor kanbans when receiving supply of material from an outside source). 

The dual-card system uses both move and production kanbans

[bookmark: bookmark26]The single-card system
At each stage there is a work centre and an area for holding inventory. All production and inventory are contained In standard containers, all of which contain exactly the same number of parts. 

The arrival of the empty containers at stage A's work centre is the signal for production to take place at work centre A. The move kanban is taken from the holding box back to the output stock point of stage A. 

This acts as authorisation for the collection of a further full container to be moved from the output stock of stage 

A through to the work centre at stage B. Two closed loops effectively control the flow of materials between the stages. 

The move kanban loop keeps materials circulating between the stages, and the container loop connects the work centres with the stock point between them and circulates the containers, full from A to B and empty back from B to A

See figure 15.8 on page 449 of the TB

The number of kanbans put into the loops between the stages or between the stock points and the work centres is equal to the number of containers in the system and therefore the inventory which can accumulate. Taking a kanban out of the loop has the effect of reducing the inventory.

[bookmark: bookmark27]Levelled scheduling
Heijunka is the Japanese word for levelled scheduling so that mix and volume are even over time

The principle of levelled scheduling is straightforward but the requirements to put it into practice are quite severe, although the benefits resulting from it can be substantial

The batch of Bs is started but is not finished until day 4. The remainder of day 4 is spent making the batch of Cs and both batches are despatched at the end of that day. The cycle then repeats itself. The consequence of using large batches is, first, that relatively large amounts of inventory accumulate within and between the units, and second, that most days are different from one another in terms of what they are expected to produce

If the flexibility of the unit could be increased so the batch sizes were reduced to a quarter of their previous levels a batch of each product can now be completed in a single day.

[bookmark: bookmark29]Synchronisation
Very similar to levelled scheduling and means the pacing of output at each stage in the production process to ensure the same flow characteristics for each part or product as it progresses through each stage. To do this, parts need to be classified according to the frequency with which they are demanded. 

One method of doing this distinguishes between runners, repeaters and strangers:"

· Runners are products or parts which are produced frequently, such as every week.
· Repeaters are products or parts which are produced regularly, but at longer time intervals.
· Strangers are products or parts which are produced at irregular and possibly unpredictable time intervals.

There are advantages in trying to reduce the variability of timing intervals. 

The aim for producing runners and repeaters is to synchronise processes so that production appears to take place on a 'drum beat' pulse. 

It might even be better to slow down faster operations than to have them produce more than can be handled in the same time by the next process. In this way, output is
made regular and predictable

Mixed modelling
Also related to levelled scheduling is mixed modelling or the repeated mix of parts. 

It means that ultimately processes can be made so flexible that they achieve the JIT ideal of a 'batch size of one'. 

The sequence of individual items emerging from a process could be reduced progressively until it produced a steady stream of each item flowing continuously.

[bookmark: bookmark32]Levelled delivery schedules
A similar concept to levelled scheduling can be applied to many transportation processes. For example, a chain of convenience stores may need to make deliveries of all the different types of products it sells every week.

An alternative would be to despatch smaller quantities of all products in a single truck more frequently. Then each store would receive smaller deliveries more frequently, inventory levels would be lower and the system could respond to trends in demand more readily because more deliveries means more opportunity to change the quantity delivered to a store.

JIT in service operations

	
	Inventory

	
	Of material (queue of material)
	Of information (queue of information)
	Of customers (queue of people)

	Cost
	Ties up working capital
	Less current information and so worth less
	Wastes customer's time

	Space
	Needs storage space
	Needs memory capacity
	Needs waiting area

	Quality
	Defects hidden, possible damage
	Defects hidden, possible data corruption
	Gives negative perception

	Decoupling
	Makes stages independent
	Makes stages independent
	Promotes job specialization/ fragmentation

	Utilization
	Stages kept busy by work- in-progress
	Stages kept busy be work in data queues
	Servers kept busy by waiting customers

	Coordination
	Avoids need for synchronization
	Avoids need for straight- through processing
	Avoids having to match supply and demand




[bookmark: bookmark36]JIT and MRP
The operating philosophies of MRP and JIT do seem to be fundamentally opposed. JIT encourages a 'pull' system of planning and control, whereas MRP is a 'push' system. 

JIT has aims which are wider than the operations planning and control activity, whereas MRP is essentially a planning and control 'calculation mechanism'. 

Yet the two approaches can reinforce each other in the same operation, provided their respective advantages are preserved.

[bookmark: bookmark37]Key characteristics of MRP
· MRP is generally used as a push system.

· MRP uses orders derived from the master schedule as the unit of control. 

· MRP systems usually need a complex, centralised computer-based organisation to support the necessary hardware, software and systems. This can make the needs of the customer appear remote to staff whose responsibilities lie two or three levels down the organisation structure.

· MRP is highly dependent on the accuracy of data derived from bills of materials, stock records and so on.

· MRP systems assume a fixed operations environment, with fixed lead times which are used to calculate when materials should arrive at the next operation



[bookmark: bookmark38]Key characteristics of JIT
· The flow between each stage in the manufacturing process is 'pulled' by demand from the previous stage.

· The control of the pull between stages is accomplished by using simple cards, tokens or empty squares to trigger movements and production. This results in simple, visual and transparent control.

· Decision making for operations control is largely decentralised; tactical decisions do not rely on computer-based information processing.

· JIT scheduling is 'rate-based' 

· JIT assumes (and encourages) resource flexibility and minimised lead times.

· JIT planning and control concepts are only one part of a wider and explicit JIT philosophy of operations

[bookmark: bookmark39]JIT and MRP similarities and differences
JIT scheduling aims to connect the new network of internal and external supply processes by means of invisible conveyors so that parts move only in response to coordinated and synchronised signals derived from end-customer demand. 

MRP seeks to meet projected customer demand by directing that items are produced only as needed to meet that demand. 

MRP is driven by the master production schedule, which identifies future end-item demand.

Its output is in the form of time-phased requirements plans that are centrally calculated and coordinated. 

While MRP is excellent at planning, it is weak at control. 

JIT scheduling aims to meet demand instantaneously through simple control systems based on kanban. 
If the total throughput time (P) is less than the demand lead time (D), then JIT systems should be capable of meeting that demand. But if the P:D ratio is greater than 1, some speculative production will be needed. 

MRP is also better at dealing with complexity, as measured by numbers of items being processed.. 

JIT pull scheduling is less capable of responding instantaneously to changes in demand as the part count, options and colours increase. 

JIT production systems favour designs based on simpler product structures with high parts commonality. Such disciplines challenge needless complexity.

Separate systems for different products455

MRP is then necessary only for strangers, for which works orders are issued to identify what must be done at each stage, and then the work itself is monitored to push materials through manufacturing stages. 

Advantage of this is that by increasing responsiveness and reducing inventories, it makes it worthwhile to increase their number by design simplification.

MRP for overall control and JIT for internal control
MRP planning of supplier materials aims to ensure that sufficient parts are in the pipeline to enable them to be called up 'just-in-time'. 

Master production schedule is broken down by means of MRP for supplier schedules, while actual materials requirements for supplies are signalled by means of kanban to facilitate JIT delivery. 
Within the factory, all materials movements are governed by kanban loops between operations. The 'drum beat' for the factory is set by the factory assembly schedule.

[bookmark: bookmark41]The complexity determinant
Simple product structures which have routings with high repeatability are prime candidates for pull control. JIT can easily cope with their relatively straightforward requirements.

Prime candidates for pull control are materials which are used regularly each week or each month. Their number can be increased by design standardization.

As structures and routings become even more complex and parts usages become more irregular, so the opportunities for using pull scheduling decrease. Very complex structures require networking methods like PERT.

[bookmark: _GoBack]See figure 15.11 on page 455 of the textbook
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