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Learning Goals (1 of 2)

4.1 Describe how lean systems can facilitate the 

continuous improvement of processes.

4.2 Identify the strategic supply chain and process 

characteristics of lean systems.

4.3 Explain the differences between one-worker, multiple 

machine (OWMM) and group technology (GT) approaches 

to lean system layouts.
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Learning Goals (2 of 2)

4.4 Understand Kanban systems for creating a production 

schedule in a lean system.

4.5 Understand value stream mapping and its role in waste 

reduction.

4.6 Explain the implementation issues associated with the 

application of lean systems.
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What is a Lean System?

• Lean Systems

– Operations systems that maximize the value added 

by each of a company’s activities by removing waste 

and delays from them.
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Continuous Improvement Using a Lean 

Systems Approach (1 of 5)

• Just-in-time (JIT) system

– A key foundation of a lean system, and represents a 

collection of practices that eliminate waste, or muda, 

by cutting excess capacity or inventory and 

removing non-value-added activities.
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Continuous Improvement Using a Lean 

Systems Approach (2 of 5)

Table 4.1 The Eight Types of Waste or Muda

Waste Definition

1. Overproduction Manufacturing an item before it is needed, making it difficult to detect defects and 

creating excessive lead times and inventory.

2. Inappropriate 

Processing

Using expensive high-precision equipment when simpler machines would suffice. 

It leads to overutilization of expensive capital assets. Investment in smaller 

flexible equipment, immaculately maintained older machines, and combining 

process steps where appropriate reduce the waste associated with inappropriate 

processing.

3. Waiting Unbalanced workstations make operators lose time, because if a process step 

takes longer than the next, then the operators will either stand idly waiting, or they 

will be performing their tasks at a speed that makes it appear that they have work 

to complete. Operators can also be waiting when a previous process step breaks 

down, has quality issues, lacks certain parts or information, or has a long 

changeover.

4. Transportation Excessive movement and material handling of product between processes, which 

can cause damage and deterioration of product quality without adding any 

significant customer value.
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Continuous Improvement Using a Lean 

Systems Approach (3 of 5)

Table 4.1 [continued]

Waste Definition

5. Motion Unnecessary effort related to the ergonomics of bending, stretching, reaching, 

lifting, and walking. Jobs with excessive motion should be redesigned.

6. Inventory Excess inventory hides problems on the shop floor, consumes space, 

increases lead times, and inhibits communication. Work-in-process inventory is 

a direct result of overproduction and waiting.

7. Defects Quality defects result in rework and scrap and add wasteful costs to the system 

in the form of lost capacity, rescheduling effort, increased inspection, and loss 

of customer goodwill.

8. Underutilization 

of Employees

Failure of the firm to learn from and capitalize on its employees’ knowledge and 

creativity impedes long-term efforts to eliminate waste.
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Continuous Improvement Using a Lean 

Systems Approach (4 of 5)

Figure 4.1 Continuous Improvement with Lean Systems

The role of inventory in Traditional and JIT systems: The water and the 

rocks metaphor

Traditional systems use inventory (water) to buffer the process from problems 

(rocks) that cause disruption.

These slides are for educational purposes only and are intended solely for students enrolled in this course.
Unauthorized sharing, reproduction, or distribution outside this class is strictly prohibited.

Any misuse may result in academic or legal consequences."



Continuous Improvement Using a Lean 

Systems Approach (5 of 5)

Figure 4.1 Continuous Improvement with Lean Systems

The role of inventory in Traditional and JIT systems: The water and the 

rocks metaphor

JIT systems view inventory as waste and work to lower inventory levels to 

expose and correct the problems (rocks) that cause disruption. However, the 

problems that arise must be corrected quickly. Otherwise, without decoupling 

inventory, the process will flounder.
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Supply Chain Considerations in Lean 

Systems

• Close Supplier Ties

• Small Lot Sizes

– Lot: a quantity of items that are processed together

– Single-digit setup: the goal of having a setup time of 

less than 10 minutes
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Process Considerations in Lean 

Systems (1 of 4)

• Pull Method of Workflow (Lean)

– A method in which customer demand activates the 

production of the service or item.

• Push Method of Workflow (Not Lean)

– A method in which production of the item begins in 

advance of customer needs.
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Process Considerations in Lean 

Systems (2 of 4)

• Quality at the Source

– Jidoka

▪ Automatically stopping the process when 

something is wrong and then fixing the problems 

on the line itself as they occur.

– Poka-Yoke

▪ Mistake-proofing methods aimed at designing fail-

safe systems that minimize human error.
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Process Considerations in Lean 

Systems (3 of 4)

• Uniform Workstation Loads

– Takt time

– Heijunka

– Mixed-model assembly

• Standardized Components and Work Methods
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Process Considerations in Lean 

Systems (4 of 4)

• Flexible Workforce

• Automation

• Five S (5S) Practices

• Total Productive 

Maintenance

Figure 4.2 5S Practices
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Five S (5S) Practices

Table 4.2 5S Defined

5S Term Definition

1. Sort Separate needed items from unneeded items (including tools, parts, 

materials, and paperwork), and discard the unneeded.

2. Straighten Neatly arrange what is left, with a place for everything and everything in 

its place. Organize the work area so that it is easy to find what is 

needed.

3. Shine Clean and wash the work area and make it shine.

4. Standardize Establish schedules and methods of performing the cleaning and 

sorting. Formalize the cleanliness that results from regularly doing the 

first three S practices so that perpetual cleanliness and a state of 

readiness are maintained.

5. Sustain Create discipline to perform the first four S practices, whereby everyone 

understands, obeys, and practices the rules when in the plant. 

Implement mechanisms to sustain the gains by involving people and 

recognizing them through a performance measurement system.
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Toyota Production System (1 of 2)

• All work must be completely specified as to content, 

sequence, timing, and outcome.

• All customer-supplier connections should be direct and 

unambiguous.

• All pathways should be simple and direct.

• All improvements should be made under the guidance of 

a teacher using the scientific method.
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Toyota Production System (2 of 2)

Figure 4.3 House of Toyota
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Designing Lean System Layouts

• One-Worker, Multiple-Machines (OWMM) Cell

– A one-person cell in which a worker operates several 

different machines simultaneously to achieve a line 

flow.

• Group Technology (GT)

– An option for achieving line-flow layouts with low 

volume processes

– Creates cells not limited to just one worker

– Has a unique way of selecting work to be done by the 

cell
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One-Worker, Multiple Machines

Figure 4.4 One-Worker, Multiple-Machines (OWMM) Cell
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Group Technology

Figure 4.5 Process Flows Before and After the Use of GT Cells
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What is a Kanban?

• Kanban

– A Japanese word meaning “card” or “visible record” 

that refers to cards used to control the flow of 

production through a factory
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The Kanban System (1 of 5)

Figure 4.6 Kanban System Illustration

(a) Steady state starting condition
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The Kanban System (2 of 5)

Figure 4.6 Kanban System Illustration

(b) Withdrawal of Part A by the following process and return of empty 

box to the preceding process to be filled up
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The Kanban System (3 of 5)

Figure 4.6 Kanban System Illustration

(c) Production of Part A at the preceding process. Withdrawal of Part B 

by the following process and return of empty box to the preceding 

process to be filled up 
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The Kanban System (4 of 5)

Figure 4.6 Kanban System Illustration

(d) Production of Part B at the preceding process
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The Kanban System (5 of 5)

Figure 4.6 Kanban System Illustration

(e) Back to steady state again, waiting for production to start at the 

following process
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General Operating Rules (1 of 2)

1. A full container must always have a card.

2. The preceding process will never produce parts without 

a card.

3. The following process must post the card at the 

receiving post before beginning consumption of the 

parts inside the containers.
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General Operating Rules (2 of 2)

4. The containers should always contain the same number 

of good parts. The use of nonstandard containers or 

irregularly filled containers disrupts the production flow 

of the assembly line.

5. Only nondefective parts should be put into inventory 

with the card to make the best use of materials and 

worker’s time. This rule reinforces the notion of building 

quality at the source, which is an important 

characteristic of lean systems, and guarantees that the 

following process will have enough inventory.
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Determining the Number of 

Containers (1 of 2)

• Two determinations

– Number of units to be held by each container

– Number of containers

• Little’s Law

– Average work-in-process inventory equals the 

average demand rate multiplied by the average time a 

unit spends in the manufacturing process
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Determining the Number of 

Containers (2 of 2)

Work in Process (WIP) = (average demand rate) × (average time 

a container spends in the manufacturing process) + safety stock





WIP = 

( )(1 + )

( )(1 + )

kc

   kc = d  + p α

d  + p α
     k = 

c

Where

k = number of containers



expected daily demand for the part

= average waiting time

average processing time

d = 

p = 

c = number of units in each container

α = policy variable
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Example 1 (1 of 2)

• The Westerville Auto Parts Company produces rocker-arm 

assemblies

• A container of parts spends 0.02 day in processing and 0.08 

day in materials handling and waiting

• Daily demand for the part is 2,000 units

• Safety stock equivalent of 10 percent of inventory

a. If each container contains 22 parts, how many containers 

should be authorized?

b. Suppose that a proposal to revise the plant layout would cut 

materials handling and waiting time per container to 0.06 day. 

How many containers would be needed?
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Example 1 (2 of 2)

if 2,000

.02

0.10

0.08

22

d

p



=

=

 =

=

=

day

day

c units

2,000(0.08 + 0.02)(1.10)

22

220
  =  = 10 containers

22

k = 

b. Figure 4.7 from OM Explorer shows 

that with reduced waiting time, the 

number of containers drops to 8.

Figure 4.7 OM Explorer Solver for 

Number of Containers

Solver-Number of Containers

Enter data in yellow-shaded area.

Daily Expected Demand 2000

Quantity in Standard Container 22

Container Waiting Time (days) 0.06

Processing Time (days) 0.02

Policy Variable 10%

Containers Required 8
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Other Kanban Signals

• Container System

– Using the container itself as a signal device.

– Works well with containers specifically designed for 

parts.

• Containerless System

– Can use workbench areas to put completed units on 

painted squares.

– Examples: a painted square on a workbench = one 

unit.
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What is a Value Stream Mapping?

• Value Stream Mapping

– A qualitative lean tool for 

eliminating waste, or 

muda, that involves a 

current state drawing, a 

future state drawing, and 

an implementation plan

Figure 4.8 Value Stream 

Mapping Steps
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VSM Icons

Figure 4.9 Selected Set of Value Stream Mapping Icons Used 

for Mapping Current State
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VSM Metrics

• Takt Time =
Daily Availability

Daily Demand

• Cycle Time

• Setup Time

• Per Unit Processing Time

– Cycle Time + Setup Time

• Capacity =
Availability

Time at Bottleneck
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Example 2 (1 of 7)

• Jensen Bearings Inc. makes two types of retainers that 

are packaged and shipped in returnable trays with 40 

retainers in each tray. The operations data is on the 

following slides.

a. Create a VSM for Jensen Bearings

b. What is the takt time for this value stream?

c. What is the production lead time at each process in 

the value stream?

d. What is the total processing time of this value stream?

e. What is the capacity of this value stream?
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Example 2 (2 of 7)

Table 4.3 Operations Data for a Family of Retainers At Jensen 

Bearings, Inc.

Overall Process Attributes

Average demand: 3,200/week (1,000 “L”; 2,200 “S”)

Batch size: 40

Number of shifts per day: 1

Availability: 8 hours per shift with two 30-minute lunch breaks

Process Step 1 Press                Cycle time = 12 seconds

Setup time = 10 min

Uptime = 100%

Operators = 1

WIP = 5 days of sheets (Before Press)

Process Step 2 Pierce & Form Cycle time = 34 seconds

Setup time = 3 minutes

Uptime = 100%

Operators = 1

WIP = 1,000 “L,” 1,250 “S” (Before Pierce & Form)

Process Step 3 Finish Grind   Cycle time = 35 seconds

Setup time = 0 minutes

Uptime = 100%

Operators = 1

WIP = 1,050 “L,” 2,300 “S” (Before Finish Grind)

Process Step 4 Shipping        WIP = 500 “L,” 975 “S” (After Finish Grind)
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Example 2 (3 of 7)

Table 4.3 [continued]

Overall Process Attributes

Average demand: 3,200/week (1,000 “L”; 2,200 “S”)

Batch size: 40

Number of shifts per day: 1

Availability: 8 hours per shift with two 30-minute lunch breaks

Customer Shipments One shipment of 3,200 units each week in trays of 40 pieces

Information Flow All communications from customer are electronic:

180/90/60/30/day Forecasts

Daily Order

All communications to supplier are electronic

4-Week Forecast

Weekly Fax

There is a weekly schedule manually delivered to Press, Pierce & Form, and 

Finish Grind and a Daily Ship Schedule manually delivered to Shipping

All material is pushed
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Example 2 (4 of 7)

a. Figure 4.10 Current State Map for a Family of Retainers at 

Jensen Bearings Incorporated
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Example 2 (5 of 7)

b. Daily Demand

[(1,000 + 2,200) pieces/week]/5 days = 640 pieces per day

Daily Availability

(7 hours/day) × (3,600 seconds per hour) = 25,200 

seconds per day

Takt Time

Daily availability 25,200
=  =  = 

Daily Demand 640
39.375 seconds per piece
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Example 2 (6 of 7)

c.
Inventory

Production Lead time = 
Daily Demand

Raw Material Lead Time = 5 days

WIP between Press and Pierce and Form
2,250

=  = 3.5 days
640

WIP between Pierce and Form and 

Finish Grind
3,350

=  = 5.2 days
640

WIP between Finish Grind and Shipping
1,475

=  = 2.3 days
640

Total Production Lead Time ( )= 5 + 3.5 + 5.2 + 2.3  = 16 days

d. Total Processing Time = Sum of the Cycle Times (12 + 34 + 35) 

= 81 seconds
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Example 2 (7 of 7)

e.

Capacity at Press Capacity at Pierce & Form Capacity at Finish Grind

Cycle time = 12 seconds Cycle time = 34 seconds Cycle time = 35 seconds

setup time = start fraction 10 minutes times 60 

seconds per minute over 40 units per batch end 

fraction = 15.0 seconds

setup time = start fraction 3 minutes times 60 

seconds per minute over 40 units per batch 

end fraction = 4.5 seconds

setup time = start fraction 0 minutes times 60 

seconds per minute over 40 units per batch 

end fraction = 0.0 seconds

Per Unit Processing Time 

= (12 + 15) = 27 seconds

Per Unit Processing Time = 

(34 + 4.5) = 38.5 seconds

Per Unit Processing Time = 

(35 + 0.0) = 35.0 seconds

( )

Setup Time =

10 min * 60 seconds per min

40 units per batch 

=15.0 seconds

( )

Setup Time =

3 minutes * 60 seconds per minute

40 units per batch

= 4.5 seconds

( )

Setup Time =

0 minutes * 60 seconds per minute

40 units per batch

= 0.0 seconds

Pierce and Form is the bottleneck

25,200
Capacity =  = 

38.5
654 units day
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Future State Map (1 of 3)

• Future State Map

– A map that eliminates the sources of waste identified in the 

current state map.

• Steps in Creating a Future State Map

1. Determine if the process steps are capable of producing 

according to the takt time

2. Identify where in the value stream inventories can be 

totally eliminated by combining process steps

3. Design pull systems to manage the remaining inventories

4. Prepare and use an implementation plan to achieve the 

future state
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Future State Map (2 of 3)

Figure 4.11 Selected Set of Value Stream Icons Used for 

Mapping Future State
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Future State Map (3 of 3)

Figure 4.12 Future State Map for a Family of Retainers at 

Jensen Bearings Incorporated
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Organizational Considerations

• The Human Costs of Lean Systems

• Cooperation and Trust

• Reward Systems and Labor Classification
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Process Considerations

• To take advantage of lean practices, firms may have 

to consider process workflows. Examples include:

– Layout changes

– Rearranging workstations

– Changes in material movement and logistics

– More frequent deliveries
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Inventory and Scheduling

• Inventory and Scheduling

– Schedule Stability

– Setups

– Purchasing and Logistics
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Solved Problem 1 (1 of 3)

A company using a Kanban system has an inefficient machine 

group. For example, the daily demand for part L105A is 3,000 

units. The average waiting time for a container of parts is 0.8 

day. The processing time for a container of L105A is 0.2 day, and 

a container holds 270 units. Currently, 20 containers are used for 

this item.

a. What is the value of the policy variable, α?

b. What is the total planned inventory (work-in-process and 

finished goods) for item L105A?

c. Suppose that the policy variable, α, was 0. How many 

containers would be needed now? What is the effect of the 

policy variable in this example?
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Solved Problem 1 (2 of 3)

a. We use the equation for the number of containers and 

then solve for α:



−

( )(1 + )

3,000(0.8 + 0.2)(1 + )
      20 = 

270

20(270)
(1 + ) =  = 1.8

3,000(0.8 + 0.2)

1.8 1  =  

d  + p α
         k =  

c

α

α

        α =  0.8
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Solved Problem 1 (3 of 3)

b. With 20 containers in the system and each container 

holding 270 units, the total planned inventory is

( )20 270   5,400= units

c. If α = 0 3,000(0.8 + 0.2)(1 + 0)
 = 

270

= 11.11, or 12 containers

k
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Solved Problem 2 (1 of 7)

Metcalf, Inc makes brackets for two major automotive 

customers. The operations data is on the following slides.

a. Create a VSM for Metcalf Bearings

b. What is the takt time for this value stream?

c. What is the production lead time at each process in the 

value stream?

d. What is the total processing time of this value stream?

e. What is the capacity of this value stream?
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Solved Problem 2 (2 of 7)

Table 4.4 Operations Data for Brackets At Metcalf, Inc.

Overall Process 

Attributes

Average demand: 2700/day

Batch size: 50

Number of shifts per day: 2

Availability: 8 hours per shift with a 30-minute lunch break

Process Step 1 Forming Cycle time = 11 seconds

Setup time = 3 minutes

Up time = 100%

Operators = 1

WIP = 4000 units (Before Forming)

Process Step 2 Drilling Cycle time = 10 seconds

Setup time = 2 minutes

Up time = 100%

Operators = 1

WIP = 5,000 units (Before Drilling)

Process Step 3 Grinding Cycle time = 17 seconds

Setup time = 0 minutes

Up time = 100%

Operators = 1

WIP = 2,000 units (Before Grinding)
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Solved Problem 2 (3 of 7)

Table 4.4 [continued]

Overall Process 

Attributes

Average demand: 2700/day

Batch size: 50

Number of shifts per day: 2

Availability: 8 hours per shift with a 30-minute lunch break

Process Step 4 Packaging Cycle time = 15 seconds

Setup time = 0 minutes

Up time = 100%

Operators = 1

WIP = 1,600 units (Before Packaging)

WIP = 15,700 units (Before Shipping)

Customer Shipments One shipment of 13,500 units each week

Information Flow All communications with customer are electronic

There is a weekly order release to Forming

All material is pushed
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Solved Problem 2 (4 of 7)

Figure 4.13 Current State Value Stream Map for Metcalf, Inc.
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Solved Problem 2 (5 of 7)

b. Daily Demand

2,700 units per day

Daily Availability

( ) ( ) ( )7.5 3,600 2  

=

hours day seconds per hour shifts day

54,000 seconds per day

Daily availability 54,000
Takt Time =  =  = 

Daily Demand 2,700
20 seconds per unit
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Solved Problem 2 (6 of 7)

c.
Inventory

Production Lead time = 
Daily Demand

Raw Material Lead Time
4,000

=  = 1.48 days
2,700

WIP between Forming and Drilling 5,000
=  = 1.85 days

2,700

WIP between Drilling and Grinding
2,000

=  = .74 day
2,700

WIP between Grinding and Packaging 1,600
=  = .59 day

2,700

Finished Goods Lead Time before 

Shipping

15,700
=  = 5.81 days

2,700

Total Production Lead Time = (1.48 + 1.85 + .74 + .59 + 5.81) = 10.47 

days
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Solved Problem 2 (7 of 7)

d. Total Processing Time = Sum of the Cycle Times (11 + 

10 + 17 + 15) = 53 seconds

Capacity at Forming Capacity at Drilling Capacity at Grinding Capacity at Packaging

Cycle time = 11 

seconds

Cycle time = 10 

seconds

Cycle time = 17 

seconds

Cycle time = 15 

seconds

setup time = start fraction 3 minutes times 

60 seconds per minute over 50 units per 

batch end fraction = 3.6 seconds

setup time = start fraction 2 minutes 

times 60 seconds per minute over 50 

units per batch end fraction = 2.4 

seconds

Setup Time = zero

Seconds

Setup Time = zero

seconds

Per Unit Processing 

Time = (11 + 3.6) = 14.6 

seconds

Per Unit Processing 

Time = (10 + 2.4) = 

12.4 seconds

Per Unit Processing 

Time = (17 + 0) = 17.0 

seconds

Per Unit Processing 

Time = (15 + 0) = 15.0 

seconds

( )

Setup Time =

3 minutes * 60 seconds per minute

50 units per batch = 3.6 seconds

( )

Setup Time =

2 minutes * 60 seconds per minute

50 units per batch = 2.4 seconds

54,000
Grinding is the bottleneck Capacity =  = 

17
3,176 units day
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