
In-Class Laboratory Exercise #7

(turn in after completing)

Names:

1.__________________________________________

2.__________________________________________

Hand in this page with answers to the following:


From Basic Problem: 

	 Utilization Statistics
	Average
	Half Width
	Min Average
	Max Average

	Pre-wave operator( memory)
	 
	 
	 
	 

	Pre-wave operator( Processor)
	 
	 
	 
	 

	Wave Solder
	 
	 
	 
	 

	Inspectors
	 
	 
	 
	 


Embellishment 1:
	 Cycle time statistics
	Average
	Half Width
	Min Average
	Max Average

	Failed Inspection Boards
	 
	 
	 
	 

	Failed Test Boards
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 


Embellishment 2:

	Utilization Statistics
	Average
	Half Width
	Min Average
	Max Average

	Scheduled Utilization for Repair
	 
	 
	 
	 


Embellishment 3:

With one repair operator, did the number in queue “appear” to increase or decrease? ________

In-Class Laboratory Exercise #7

Designate a Computer "driver" -- Who is it?__________________________

Lab Purpose:  To model a more comprehensive problem with only general instructions in building and examining an Arena model.

Simulation Problem: Kits of two types of PCBs (Printed Circuit Boards), a memory board and a processor board, already automatically populated with axial components, surface mounted devices, and various chips, are sent to a PCB assembly and test facility.  The memory boards arrive in batch of 10 and are scheduled to arrive every 30 minutes.  The processor boards arrive in batch of 5 with an exponential interarrival time distribution of 20 minutes. The remaining components of these boards (the one that are not possible to insert automatically) are manually inserted by 2 different assembly lines, each staffed with three operators.  The insertion time for memory board is Triangular with mode of 6 and a minimum of 4 and a maximum of 10 minutes.  The insertion time for processor board is also Triangular with mode of 7 and a minimum of 5 and a maximum of 11 minutes.  The manual assembly is followed by a wave solder, taking a constant 1.5 minutes.  The solder boards are then visually inspected by one of three operators who check for solder quality as well as missing or wrong components.  5% of memory boards and 7 % of processor boards fail inspection.  The inspection time follows a lognormal distribution with mean of 4 and standard deviation of 1 minute.  

First, construct a Conceptual model
What do the entities represent? _______________

What do the resources represent? _______________

Draw a flowchart of this process showing the entities arriving, being served, and leaving.  Put the data associated with each process on the block diagram elements: include all data, note resources required, etc.

Basic Problem Questions:

A. Create a simulation model and run it for 10 replications, each for five 8-hours shifts.  This requires two Create module, two Assign modules, four Process modules, one Decide module, and two Dispose modules.  Use the Entity Type field in Create module for representing board types.  

Use “fast-forward” execution and find following performance measures:


	 Utilization Statistics
	Average
	Half Width
	Min Average
	Max Average

	Pre-wave operator( memory)
	 
	 
	 
	 

	Pre-wave operator( Processor)
	 
	 
	 
	 

	Wave Solder
	 
	 
	 
	 

	Inspectors
	 
	 
	 
	 


	 Queue length Statistics
	Average
	Half Width
	Min Average
	Max Average

	Pre-wave operator( memory)
	 
	 
	 
	 

	Pre-wave operator( Processor)
	 
	 
	 
	 

	Wave Solder
	 
	 
	 
	 

	Inspectors
	 
	 
	 
	 


	 Waiting time Statistics
	Average
	Half Width
	Min Average
	Max Average

	Pre-wave operator( memory)
	 
	 
	 
	 

	Pre-wave operator( Processor)
	 
	 
	 
	 

	Wave Solder
	 
	 
	 
	 

	Inspectors
	 
	 
	 
	 


B. Add cycle time statistics (requires remembering when the boards arrive and use of Record modules).  You can use the Expression Builder to determine when boards arrive.  Again, fast-forward to obtain following statistics.  Hint:  1) information from Record is in the “User-Specified” portion of the Category Overview; 2) the count statistics for each entity type are in “Entity” portion of the Category Overview; 3) Record module collects count statistics for entities passing through; 4) the average count is animated on the flowchart view of the model. 


	 Cycle time Statistics
	Average
	Half Width
	Min Average
	Max Average

	Failed inspection Boards
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 

	Memory Boards
	 
	 
	 
	 

	Processor Boards
	 
	 
	 
	 


	 Count Statistics
	Average
	Half Width
	Min Average
	Max Average

	Failed  Boards
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 

	Memory Boards
	 
	 
	 
	 

	Processor Boards
	 
	 
	 
	 


C. Using the Entity module, make the entity pictures for memory board the red ball and processor board the blue ball.  Run using “go”:

      Does the animation show the different entity types?  __________
Embellishment 1: embellishments are issues that extend the basic problem. In this case we want to expand the scope of our model to include a repair station.  

Boards that successfully pass the visual inspection are sent to be tested on one of two Tradyne test equipment.  The test time is 2 to 3 minutes for the memory boards and 3 to 4 minutes for the processor boards.  The test yield is 97% for memory boards and 95% for the processor boards.  Rerun your revised model to collect cycle time and count statistics.

	 Cycle time statistics
	Average
	Half Width
	Min Average
	Max Average

	Failed Inspection Boards
	 
	 
	 
	 

	Failed Test Boards
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 


	 Count statistics
	Average
	Half Width
	Min Average
	Max Average

	Failed Inspection Boards
	 
	 
	 
	 

	Failed Test Boards
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 


Embellishment 2:  (this embellishment is a change to the Embellishment 1) 
Boards that failed visual inspection or failed the test are sent to a repair station.  At the repair station, there is one repair operator.  Time to repair the boards depends on the type of failure.  About 25% of the time it takes 10 minutes, 25% of the time it takes 15 minutes, 40% of the time it takes 25 minutes and 10% of the time it takes 35 minutes. Rerun your revised model to collect cycle time and Repair operator utilization.

	Cycle time Statistics
	Average
	Half Width
	Min Average
	Max Average

	Cycle time for bad Boards
	 
	 
	 
	 

	Cycle time for Good Boards
	 
	 
	 
	 


	Utilization Statistics
	Average
	Half Width
	Min Average
	Max Average

	Scheduled Utilization for Repair
	 
	 
	 
	 


Embellishment 3:  (a change to the Embellishment 2- Dynamic Plot)

Now add a plot of the number in the Repair queue.  Use Time Range of 10000;  History point of 10000;  Check Expression Synchronization;  Check Auto Scale; Start with initial Maximum of 10;  Check both X and Y axis labels.

Rerun your model only for one replication for 10000 minutes.  What is happening to the number in Queue over time? ____________________________________________________


By looking at the results and the plot, you should have noticed that the Repair is being “over-used” and the Repair queue is growing.  Now add another Repair operator, so there are two operators.  Now answer the following, based on the simulation:


What is the average length Repair Queue? _____

What is the utilization of the two repair operators? _____

Is the number in queue increasing over time? __________


If you run out of time to answer the following questions in the class, you can work on them on your own time.   If there any questions, we will discuss them in the following session. 

Revise your model to allow all boards that have been repaired to be retested again.  The yield is the same as before, however, boards that fail for the second time are sent to Engineering to be troubleshot by the engineers.  Also, to minimize obsolescence, the repaired boards have a higher priority on the test equipment. 

Revise your model accordingly and run it for 10 replications, each for 40 hours.  Obtain the following Cycle Time statistics:

	Cycle time Statistics
	Average
	Half Width
	Min Average
	Max Average

	Boards sent to engineers
	 
	 
	 
	 

	Good Boards
	 
	 
	 
	 

	Memory Boards
	 
	 
	 
	 

	Processor Boards
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