Summary – T262 – Operations – Physics of Processing Handout

This note covers two kinds of CAPACITY: 

· Throughput Capacity – the maximum sustainable throughput rate of a resource.  Measured in units/time (e.g. pounds/hour, parts/day)

· Buffer Capacity – the maximum amount of material that can be stored at an inventory point.  Measured in units (e.g. pounds, parts).  Warehouses, freezers and carts are examples of inventory points with buffer capacities. 

Throughput Capacity

For one resource (e.g. operator, machine), throughput capacity = long-run average rate when the resource is never idle.

For a system of resources (e.g. factory), throughput capacity may be constrained by bottleneck resources.

Throughput capacity and bottlenecks are hard to predict for job shops due to their unpredictable product mix.  Line flows usually have well-defined bottlenecks and capacities.  

The throughput capacity of a production system depends on its physical characteristics, such as:

· Number of operators and pieces of equipment

· Reliability, flexibility and set up requirements – determine amount of time equip. can produce

· Tasks and task sequences – determine bottleneck resources, yields and rework needs

· Operator skill (including maintenance and repair skills)

· Buffer capacities – if insufficient may cause blockage or starvation

Throughput capacity also depends on operating policies, such as:

· Batch size (affects # of setups)

· Scheduling so bottleneck resources are always working

· Quality checks in front of bottlenecks 

· Scheduling maintenance to minimize bottleneck downtime

· Workforce incentives

Economists often define capacity differently – as the rate that minimizes average cost/part (this is often less than the maximum throughput rate due to congestion effects)

Buffer Capacity and Inventory

Buffer capacity is characteristic of an inventory point.  It measures quantity level.  (versus throughput capacity measures flow rate).  Buffer Capacity = Maximum product which can be stored at a point.

Inventory decouples material flows, since flow rates in a system can’t always be matched.   Inventory acts as a buffer.  (e.g., raw materials buffer a factory from suppliers)

There are various categories of inventories, based on economic reason for keeping the inventory:

· Cycle stocks are due to economies of scale in ordering or making units (big batches are cheaper).  

· Seasonal stocks are held due to predictable variability.  They allow constant production even when demand is seasonal.  (See drawings in handout)

· Safety stocks protect against unpredictable variability (e.g. sudden demand change)

· Pipeline inventories occur with long transport times (e.g. parts being shipped by boat are somebody’s inventory).

***See handout for Assigned problems and examples of calculating throughput times and sizing buffers for individual resources and for systems.

The examples don’t take too long to go through, so I won’t rewrite all the numbers.  The basic ideas are, by example:

1. Calculate throughput time of each resource  (hours worked/week) / (hours/batch) = batches/week.  Then the system throughput is the least throughput (that resource is the bottleneck).

2. Use the output for the period when the buffer is loaded to calculate the size of the buffer.  The rate at which work is done downstream of the buffer determines how fast the buffer inventory is cleared out.

3. If you make the buffer too small, it gets full before the machines feeding parts into the buffer reach their max. throughput, so they have to remain idle for a time.  Because this reduces their hours worked per week (and they are the bottleneck), this reduces the system throughput.

4. Given the average inventory in the buffer and the system throughput, Little’s law allows you to calculate the avg. time a part spends in the buffer.

5. If the processing times are variable instead of fixed, the buffer needs to be larger to account for days when the resources produce more than you found in example 2.

** Don’t forget to do the assigned problems.  

