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Module Summary

Overview of Module  
Using a simulation, students will learn the affect of cumulative variations in causing backups and delays in supply chains, both external and internal to companies.

Primary Career Cluster

Transportation, Distribution and Logistics-- Logistics Planning and Management Pathway

Recommended Subject Areas:   Business Marketing and Management Classes, Technical Education, Supply Chain Management, Algebra 2 and/or Discrete Math

Cluster Knowledge and Skills and Performance Elements

Academic Foundations

· ESS01.04.02  Apply scientific methods in qualitative and quantitative analysis, data gathering, direct and indirect observation, predictions and problem identification.
Problem-Solving and Critical Thinking
· ESS03.01.05   Evaluate ideas, proposals and solutions to problems.
· ESS03.01.06   Use structured problem-solving methods when developing proposals and solutions.

· ESS03.04.02  Gather technical information and data using a variety of resources.
Information Technology Applications

· ESS04.07.01  Create a spreadsheet.

· ESS04.07.02  Perform calculations and analyses on data using a spreadsheet.
Leadership and Teamwork
· ESS07.03.01  Work with others to achieve objectives in a timely manner.

Common Core Standards

Mathematics
· S-CP 9.  Use permutations and combinations to compute probabilities of compound events and solve problems.

· S-MD 2.  Calculate the expected value of a random variable; interpret it is as the mean of the probability distribution.

· S-MD 7.  Analyze decisions and strategies using probability concepts .
Language Arts

· 7.0 Conduct short as well as more sustained research projects based on focused questions, demonstrating understanding of the subject under investigation. 

Job Connection:
· Toyota – http://www.toyota.co.jp/en/vision/production_system/
· http://www.toyotawhynot.com/#/home
· http://www.toyota.com/about/careers/tmmi/ 
· Subaru – www.subaru-sia.com
· Group Leader – Paint Division - Group Leader responsible for 2 shifts of Associates and Team Leaders as well as 4 Process Engineers, Budget controller and shop ISO14001 coordinator, Leader of dirt reduction and pre-treat, ED and paint system quality improvement, MIS contract controller and primary contact for paint vendors, Responsible for BIWEC cost reduction activity, Control of shop facility to operation standard B requirements, Process audits of system to ensure compliance with standards, On call to response to paint system spills.  Required:  Bachelor or Science in Chemistry
Vocabulary:
Just-In-Time (JIT) – A manufacturing strategy to reduce costs, improve return on investment, and improve quality by totally eliminating waste that originated at Toyota. The first target of reducing waste is to reduce inventory and carrying costs by producing only what is needed by the next process in a continuous flow with the final process being sales to the customer. It has evolved into a variety of quality and environmental initiatives.
Kanban – A signal to tell the production line to make the next piece for a product.  Kanbans were originally cards or tickets but have evolved into are variety of simple visual signals, such as the absence or presence of a piece needed in the manufacturing process in a square painted on the floor or an empty bin.
Variation – The difference between an ideal and an actual situation.
Variety – A diversity of possibilities. 
Probability – A measure of how likely it is that some event will occur; a number expressing the ratio of favorable cases to the whole number of cases possible.
Average or Expected Value – The sum of all possible values divided by the number of values.
Range – A measure of variation that is the difference of the largest value less the smallest.

Simulation – A mathematical model that represents the internal processes of the system being simulated to predict results. It may use random numbers and statistical sampling to explore the spectrum of possible outcomes.

Lesson 1:  Manufacture Snack Products

Lesson Description:

This is a hands-on learning activity that simulates the operation of a manufacturing system over a 4 month time period using a different operating strategy each month. Students are seated at a long table, each having a place mat as illustrated below, four poker chips on their incoming  dock, and a die.

JUST-IN-TIME MANUFACTURING SIMULATION
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Each student represents a worker in an assembly line, the poker chips are the product he/she is working on, and the die is used to introduce randomness into the operation of the system. The first student in line is receiving and the last student is shipping. The students roll their dice 20 times to represent twenty working days in a month according to the following operating strategies.

Materials: 

· Poker Chips (at least the number of players ( 8)
· Dice (one per player)
· Incoming dock/outgoing dock placemats

· Scoresheet

.

Procedure:

1.  Distribute Handout 1, Just-In-Time simulation which provides the instructions for the students.

2.  Prior to the first month simulation, have the students calculate the average number of chips processed per day, the range for the number of chips processed each day, and the expected output for 20 days. Prior to each month, have them recalculate the average and the range and verify that the expected output is the same.

3. You may want to use the slides in the Appendix to further explain the process.

4. Distribute Handout 2.  After each roll of the dice, the number of chips shipped is recorded in the table on Handout 2.  The first column designates the day of the month. The second column is the cumulative number of chips that should have been shipped by the end of that day. Note that on average, 3.5 chips should be processed per day because the average of the numbers that appear on a die is 3.5.  If at least 10 students participate in this exercise, the differences in performance of the four operating strategies is quite dramatic.
5. Have students write minute papers on what they learned or to have a discussion as to why what they observed happened.
6. Have students explore the websites listed on the job connection to find out more about JIT and environmental issues in manufacturing.

Assessment: 
Students should answer the following questions either as part of a discussion or homework.
What is Just-In-Time manufacturing? At what company did it originate?

What did you learn from the Just-In-Time demonstration?

What did we do to improve the amount of poker chips moving through the line?

Did changing the transfer batch size or reducing variation have more effect?

JUST-IN-TIME MANUFACTURING SIMULATION

This workbook contains a simulation of a hands-on learning activity that portrays the dynamics of a manufacturing system over a 3 month time period using a different operating strategy each month. 

Students are seated at a long table, each having a place mat with a square for an incoming dock on the left and an outgoing dock on the right, four poker chips on their incoming  dock, and a die. Each student represents a worker in an assembly line, the poker chips are the product he/she is working on, and the die is used to introduce randomness into the operation of the system. The first student in line is receiving and the last student is shipping. The students roll their dice 20 times to represent twenty working days in a month according to the following operating strategies.

MONTH 1

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. Process number of chips shown on die (Move from incoming to outgoing dock)

3. Transfer chips on your outgoing dock to next person in multiples of 4 (Lot size / transfer batch = 4). Do not transfer what your upstream neighbor just put on your incoming dock.

MONTH 2

Lot size reduction

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. Process number of chips shown on die (Move from incoming to outgoing dock)

3. Transfer all chips on your outgoing dock to next person (Lot size / transfer batch = 1).  Do not transfer what your upstream neighbor just put on your incoming dock.

MONTH 3

Variance reduction

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. If you roll 1, 2, or 3 process 3 chips. If you roll 4, 5, or 6 process 4 chips. (Move from incoming to outgoing dock)

3. Transfer all chips on your outgoing dock to next person (Lot size / transfer batch = 1).  Do not transfer what your upstream neighbor just put on your incoming dock.

This workbook contains worksheet for each month. 

A set of columns gives the state of the manufacturing system on each day of the month for each workstation.

The incoming and outgoing columns for each workstation are designated "in" and "out" respectively.

The roll of the die is given in the rnd column.


	DAY
	PLAN
	MONTH 1
	MONTH 2
	MONTH 3

	1
	3.5
	
	
	

	2
	7.0
	
	
	

	3
	10.5
	
	
	

	4
	14.0
	
	
	

	5
	17.5
	
	
	

	6
	21.0
	
	
	

	7
	24.5
	
	
	

	8
	28.0
	
	
	

	9
	31.5
	
	
	

	10
	35.0
	
	
	

	11
	38.5
	
	
	

	12
	42.0
	
	
	

	13
	45.5
	
	
	

	14
	49.0
	
	
	

	15
	52.5
	
	
	

	16
	56.0
	
	
	

	17
	59.5
	
	
	

	18
	63.0
	
	
	

	19
	66.5
	
	
	

	20
	70.0
	
	
	


Assessment:  
Have students complete the following questions:

What is a supply chain?

What is supply chain management?

Name some careers in supply chain management.

What do you need to do to have a career in supply chain management?

What is Just-In-Time manufacturing? At what company did it originate?

What did you learn from the Just-In-Time demonstration?

A P P E N D I X

MONTH 1

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. Process number of chips shown on die

       (Move from incoming to outgoing dock)

3.
Transfer chips on your outgoing dock to next person in multiples of 4 (Lot size / transfer batch = 4). Do not transfer what your upstream neighbor just put on your incoming dock.

On average, how many chips can you process each shift?

MONTH 2

Lot size reduction

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. Process number of chips shown on die

       (Move from incoming to outgoing dock)

3.
Transfer all chips on your outgoing dock to next person (Lot size / transfer batch = 1).  Do not transfer what your upstream neighbor just put on your incoming dock.

MONTH 3

Variance reduction

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Roll die

2. If you roll 1, 2, or 3 process 3 chips 


If you roll 4, 5, or 6 process 4 chips

       (Move from incoming to outgoing dock)

3.
Transfer all chips on your outgoing dock to next person (Lot size / transfer batch = 1).  Do not transfer what your upstream neighbor just put on your incoming dock.

MONTH 4

Pull System

Start: 4 units of inventory (4 colored poker chips)

Each shift:

1. Shipping (last person) rolls die

2. If he/she rolls 1, 2, or 3, he/she processes 3 chips 


If he/she rolls 4, 5, or 6, he/she processes 4 chips

3.
Shipping takes however many chips he/she processes from person immediately upstream. Person immediately upstream replenishes his/her chips from next person upstream, and this continues to ripple upstream until receiving is reached. Receiving replenishes number taken.
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