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b)
	Candidates are required to explain any three of the following issues and how they enable just in time manufacturing to operate efficiently.

(i) Flexible resources: - one aspect of flexibility is relying on general purpose equipment capable of performing a number of different functions.  General purpose equipment provides flexibility of operations and eliminates waste of space, movement set up of other machines.  Another element of flexibility is the use of multifunction workers who can perform more than one job- an essential aspect of JIT.  Workers in JIT are trained to operate and set up different machines.  This provides flexibility in the schedule because workers can be moved around as needed.

(ii) Kanban Production: - when workers need products from a preceding workstation, they pass the Kanban and empty containers to that station.  The Kanban authorises the worker at the preceding station to produce the amount of goods specified on the Kanban.  In effect, the Kanban is a production authorisation record.  When this process is used, the amount produced at any one time is the amount in one container.  Production cannot take place unless a container is empty and a production card has authorised production.  A full container cannot be withdrawn unless a withdrawal Kanban authorises.

(iii) Small lot sizes: - a principal way of eliminating inventory and excess processing while increasing flexibility is through small-lot production, which means that the amount of products produced at any one time is small.  This allows the manufacturer to produce many lots of different types of products.  It also shortens the manufacturing lead time.  The ultimate goal of JIT is to economically produce one item at a time as the customer wants it.  However, to be able to achieve small-lot production, companies have to reduce set-up time.

(iv) Uniform Plant Loading: - demand for a product can show sudden increases or decreases, which can mean disruptive changes in production schedules.  These demand changes are typically magnified throughout the production line and the supply chain.  They contribute to inefficiency and create waste.  The JIT philosophy is to eliminate the problem by making adjustments as small as possible and setting a production plan that is frozen for the month.  This is called uniform plant loading.  To meet demand and keep inventories low, a “level” schedule is developed so that the same mix of products is made every day in small quantities.
Candidates are required to discuss what is needed for JIT manufacturing to achieve respect for people.

JIT organisations rely on all employees to work together, including management.

Greater responsibility and autonomy is given to ordinary workers

All levels of employees often work in teams, and in many JIT organisations all dress the same way regardless of level, which helps breakdown traditional barriers and makes it easier for people to work together.

JIT relies on cross-functional worker skills, meaning the ability of workers to operate many different machines.

Part of workers’ duties is to be actively engage in improving the production process, monitoring quality, and correcting quality problems.

Continuous improvement relies heavily on the knowledge and skills of the workers closest to the operation.

When a decision needs to be made it is discussed at all levels, starting at the bottom, so that everyone in the company contributes to the decision.

Credit will be given for relevant answers.
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b)
	Candidates are required to explain what the three measures of OEE consider when calculating OEE.

OEE uses three measures availability, performance and quality.

Availability: - takes into account down time loss which include any events that stop planned production for an appreciable length of time.  Examples include equipment failure, material shortages, and changeover time.  Any unplanned stoppage greater than 10 minutes is usually considered breakdown.
Performance: - takes into account speed loss, which include any factors that cause the process to operate at less than the maximum possible speed, when running.  Minor stops and idling are often defined as stops taking less than 10 minutes.  They result from causes such as; tip breakage, coolant top-up, jams, swarf removal and small adjustments.  Reduced speed losses result from the machine running at less than the design speed.  Typical causes are flow restriction, programme errors on CNC machine and worn tools
Quality: - takes into account losses for items that do not meet the specified standard, including items that require rework.  Defects results in scrap or rework and are the results of any problem that causes the machine to work outside of the specification limits.  Start-up losses result in scrap or rework during changeover.

Candidates are required to calculate the overall equipment effectiveness.

Availability = 

Planned production = shift length – breaks

Operating time = Planned production time – downtime

Planned production = (12 x 60) – (30 + 30 + 15)
                                = 720 – 75
                                = 645 minutes

Operating time = 645 – 30
                        = 615 minutes

Availability =  = 0.9534 or 95.34%

Performance = 

Performance = 

Performance = 0.7004 or 70.04%

Quality = Good pieces made / Total pieces made

Good pieces made = Total pieces made – Rejects
                               = 28,000 – 420
                               = 27,580

Quality =  = 0.9850 or 98.50%

OEE = Availability x Performance x Quality
         = 0.9534 x 0.7004 x 0.9850
         = 0.6577 or 65.77%
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c)
	Candidates are required to calculate the economic production quantity and total annual costs
The economic production quantity is determined using the following formula.









Q = 5239.3 units or 5240 units

Using the value calculated for Q now calculate the total annual costs

TC = 

I max = Q ( 1 -  )

I max = 5240 ( 1 - )

I max = 891 units

TC =  x 300 +  x 18

TC = £8015.27 + £8019
TC = £16,034.27

Candidates are required to discuss the costs that can occur when organisations hold inventory.  These costs include: -

· Warehousing/storage costs
· Capital costs investment inventory
· Service cost- insurance
· Damage- unnecessary handling
· Security costs
· Obsolescence
· Shrinkage
· Labour to manage and handle inventory
Candidates are required to explain what organisations should consider when evaluating what items to hold in stock and how much to hold..

What items to hold in stock is influenced by (1) known orders or scheduled call-offs against customer contracts will often be made or provided in advance to ensure that due dates are met.  (2) Inventory to meet future demand peaks, known as seasonality patterns and (3) inventory to level out capacity requirements.

Better answers can make reference to manufacturing policy such as make-to-order, assemble-to-order and make-to-stock.

Factors that influence how much to hold include: -

· Demand forecasts and scheduling horizons
· Reorder point
· Buffer inventory/safety stocks
· Level of service provided to customers
· The risk of a stockout (protection level)
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b)
	Candidates are required to analyse how three measures can be used to monitor performance.  The measures in question are: -

1. Internal departmental measures
2. Operations related measures
3. Overall measures
Internal departmental measures: - By relating the hours of maintenance work produced to clocked hours in the department and expressed as a percentage.  This shows the amount of work produced per hour.

Actual tasks completed compared to plan in terms of hours of work involved.  This helps to assess overall performance and checks the maintenance support for operations during a given period.

Total hours of work by each type of maintenance as a percentage of the total maintenance hours.  This measures the actual type of maintenance used to the level set in the plan and helps assess how well the function is managing its maintenance responses.

Operations related measures: - Checking the number of maintenance hours worked with the number of direct hours worked in operations help assess trends in the relative size of maintenance support.

Comparing maintenance costs with the value of the services and products completed in the same period.  Relating the number of breakdowns both in terms of occasions and time lost to the number of operations hours worked, would provide an insight into the success of reducing their element of maintenance

Overall measures: - these can be shown by a series of formula.
Availability = 

Response performance =  x 100

Planning performance = 

Labour efficiency = 

Cost efficiency =  x 100

Candidates are required to explain what reliability centred maintenance is and use an example to demonstrate how it can be applied.

Reliability centred maintenance uses the pattern of failure for each type of failure mode of a part of a system to dictate the approach to its maintenance

For example, a shredding process, which prepares vegetables prior to freezing.  The most significant part of the process, which requires the most maintenance attention, is the cutter sub-assembly.

However, there are several modes of failure, which could lead to the cutters requiring attention.  Sometimes they require changing simply because they have worn out through usage, sometimes they have been damaged by small stones entering the process, sometimes they have shaken loose because they were not fitted correctly.

The failure patterns for these three failure modes are very different.  Certainly ‘wear out’ can be managed by timing preventive maintenance intervals just prior to the increased likelihood of failure.

But this approach would not help prevent stone damage, which could happen at any time with equal likelihood.  The approach here would be to prevent stones getting to the cutters in the first place.

The failure pattern for the cutters shaking loose is different again.  If the cutters have been incorrectly fitted, it would become evident soon after the fitting.  Instead a poke-yoke system should be developed to ensure the cutters can only be fitted the correct way.
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Q 1  Question  Marks  

a)                                                                          Candidates are required to explain any three of the following issues and how they  enable just in time  manufacturing to operate efficiently.     (i)   Flexible resources :  -   one aspect of flexibility is relying on general purpose  equipment   capable of performing a number of different functions.  General  purpose equipment provides flexibility of operations and eliminat es waste of   space, movement set up of other machines.  Another element of flexibility is  the use of multifunction workers who can perform more than one job -   an  essential aspect of JIT.  Workers in JIT are trained to operate and set up  different machines.   This provides flexibility in the schedule because workers  can be moved around as needed.     (ii)   Kanban Production :  -   when workers need products from a preceding  workstation, they pass the Kanban and empty containers to that station.  The  Kanban authorises the wo rker at the preceding station to produce the amount  of goods specified on the Kanban.  In effect, the Kanban is a production  authorisation record.  When this process is used, the amount produced at any  one time is the amount in one container.  Production c annot take place unless  a container is empty and a production card has authorised production.  A full  container cannot be withdrawn unless a withdrawal   Kanban authorises.     (iii)   Small lot sizes :  -   a principal way of eliminating inventory and excess  processing wh ile increasing flexibility is through small - lot production, which  means that the amount of products produced at any one time is small.  This  allows the manufacturer to produce many lots of different types of products.  It  also shortens the manufacturing le ad time.  The ultimate goal of JIT is to  economically produce one item at a time as the customer wants it.  However,  to be able to achieve small - lot production, companies have to reduce set - up  time.     (iv)   Uniform Plant Loading :  -   demand for a product can show sudden increases  or decreases, which can mean disruptive changes in production schedules.              5  marks                     5  marks                   5  marks                  

