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Operations:  repetitive economic activity involved in producing / delivering goods and services

Operations involve structured processes consisting of:

· people

· plant and equipment

· standard operating procedures

Fundamental questions addressed in process design:

· What work needs to be done?

· How is the work to be done?

· How much work is there to do?

· How variable is the workload?

· What measures of performance are appropriate?

Fit between product and process:

1) Product process / value proposition ( where / how does organization seek to provide value to customers?

2) Process priorities ( what must the operating unit do well to deliver value and control cost?

3) Focus for managers ( where should operations manager focus greatest attention?

Concept of production process:

· collection of inter-locking systems

· physical transformation system

· materials management system

· information management systems (includes scheduling and planning)

· employment system (selection, training, etc)

· performance management system

Scale economies:

1) Larger Machines

2) Multi-machine plants

· deliveries / raw materials handling

· fewer changeovers per machine

· more flexibility in case of downtime

· less overhead (plant, mgmt) per machine

· statistical averaging of machine failure ( fewer maintenance personnel required

3) Multi-plant firms

· diversification of market risk

· optimization of transportation plan

The Process Spectrum
Continuous Flow Process:  

Example:  Androscoggin Paper Mill (International Paper)

· some inventories at various stages

· raw materials:  logging operations are seasonal

· wood chips:  chipper downtime, need different mixtures

· WIP of pulp:  continuous supply to machines

· finished goods inventory (parent logs):  batch size implies make-and-hold 

· primary concern for plant manager:  monthly cost performance (maintenance, training) and safety

Job Shop Process:  

Example:  Norcen Industries

· Job Shop

· no set product or process

· materials vary

· set of general purpose machines / resources

· highly structured info processing system

· allows resources to be continually recombined for production of diverse products

· other examples: tool and die shop, PC board prototype shops, professional services (mgmt consulting), hospital

· large WIP inventory

· functional layout

· materials released onto floor by work order

· Job-order costing

· attribution of labor hours, materials, etc. to specific jobs

· useful for pricing repetitive orders (or similar orders)

· allocation of indirect cost is important (should be allocated in proportion to labor hours or labor cost)

Batch Flow Process:  

Example:  Jos A Bank Clothiers

· Batch flow process (also disconnected line flow)

· intermediate between job shop and line flow

· wide variety of standard products with substantial commonality and a dominant process flow

· decoupled line steps through WIP inventory

· examples: floor adhesives, Dunkin donuts, winemaking, processing credit apps

· Piece rate compensation

· makers vs. checkers

1) works less well when quality hard to verify

2) subjective definition of quality can cause problems

· allow increased production with less than proportional increase in cost

( direct wages increase, but benefits and overhead costs do not

· Time in system (e.g. coats)

· actual work time

· batch delay time:  time to finish all parts in batch

· pure queuing time:  batch waits in WIP while other batches are finished

Reducing WIP Inventory?

Good:

· less working capital

· shorter throughput times (per job)

· freed-up floor space

· faster feedback on quality problems

Bad:

· reduced throughput:  resources starved for work, less efficient grouping, less efficient worker usage

· nerve-wracking coordination problems

Line Flow Process:  

Example:  Carrier (machine-paced line flow)

· Machine-paced line:  achieves relative efficiency by enforcing the designed throughput

· human cycle time of < 30 seconds is not good

· human cycle time of > 18-20 minutes requires too long a training period

Features of classical production line:

· standardized product, or narrow family of products

· highly engineered process; high fixed costs

· lots of engineering work done upfront to get line balanced

· high volume of production; many tasks required per unit produced

· balanced assignments for both machines and people ( highly resource utilization ( adjustment of production rate is inefficient, expensive

· produce for finished good inventory ( “sell what we make”

· specialization / division of labor

· inflow / outflow of material at uniform rate

· highly systematized materials handling

· WIP inventory and cost per part are lower than in job shops

Line Balancing:

· decompose overall task into set of workstation components

· need full list of tasks, how much time each takes, order to process (precedence, sequencing constraints), decide cycle time constraint

· goal:  every workstation fully loaded ( minimize # workers, minimize slack time

Example:  Burger King (worker-paced line flow)

· Worker-paced line:  relatively flexible because they can be quickly rebalanced
· Line Flow  / Assembly Line Process:

· division and specialization of labor

· rigid product routing

· balanced work assignments

· hand-to-mouth material flows result in low WIP inventory

Problems
Process Industry Scheduling Problem:
· capacity of plant is no one number ( defined by a surface, described by constraints ( “capacity frontier”
· long lead times allow firm to optimize production and shipping schedules (
· importance is relative advantage that one plant has over another (accounting for production and distribution)
· building inventory can transfer manufacturing capacity into the future (but not vice versa)
Utilization:
· long run average utilization holds even for random arrival and processing times, as long as,

· resource is able to process all jobs that come in on average

· reasonable amount of statistical independence

· all jobs will wait as long as needed to get processed

Mike’s Job Shop:
· interarrival time = time between arrivals (e.g. 4.5 hours)
· arrival rate = frequency of arrivals per period (e.g. 24 hours / 4.5 hours = 5.333 jobs per day)
Hyperspace Corporation:
Fabritek Corporation:
· set up as job shop, not well suited to Pilgrim order of high, consistent volume

Little’s Law:
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where 
L = 
long run average number of units in the system (average inventory)


W = 
long run average time in the system per unit (average throughput time)


 = 
long run average rate at which units arrive and depart (throughput rate)

valid as long as number of units entering system  over time period = number units exiting

Physics of Processing:
· throughput capacity:  maximum sustainable throughput rate of a resource or group of resources

· buffer capacity:  maximum amount of material that can be stored at an inventory point

· cycle stocks:  fluctuations in inventory that result from economies of scale in ordering or producing units

· seasonal stocks:  inventory held in response to predictable variability in demand or supply

· safety stocks: inventory maintained to protect against unpredictable variability
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