
Background
FLEAN (Flexible+Lean) cells are the foundation for imple-
menting Job Shop Lean in any complex high-mix low-volume 
(HMLV) facility. The core steps in the process for implement-
ing Job Shop Lean in any high-mix low-volume facility require 
leadership to (i) identify the stable part families in their prod-
uct mix, (ii) implement a FLEAN manufacturing cell to pro-
duce each part family that has a stable demand and (iii) utilize 
Finite Capacity Scheduling to schedule the daily operations in 
each cell. But, after they are done with the design and imple-
mentation of each FLEAN cell and its support systems, the real 
challenge of implementing the cell lies ahead. And that is the 
challenge of educating and training cell employees and com-
pany managers to embrace a new way of working together. If 
the cell is to operate as an ABU (Autonomous Business Unit), 
the cell’s team must be given full responsibility for fulfilling all 
customer orders loaded on their cell. Therefore, in this column, 
I will describe all the educational and training resources that I 
am aware of, or have personally developed, that I am utilizing 
in my current job to educate and prepare our people to work in 
FLEAN cells.

See How Others Did It
Sometimes all that it takes to get the people in your own com-
pany fired up about lean is for them to see how other compa-
nies succeeded with lean. Successful implementation of lean 
does not always have to be a complete bolt-by-bolt rearrange-
ment of the entire facility. Some of the inspirational videos that 
I use to create a basic awareness about lean are:

(Vendor: www.sme.org) Introduction to Lean Manufacturing 
(DV03PUB46),  Lean Manufacturing at Miller  SQA 
(DV03PUB47), Lean Manufacturing at TAC (DV03PUB48)

(Vendor: www.gbmp.org) The Greater Boston Manufacturing 
Partnership (GBMP) has developed a mini-library of vid-
eos that feature some of their successful clients, such as Jotul, 
Madico, The Gem Group, VIBCO, AbioMed, etc.

And now some words of caution about over-relying on vid-
eos about lean to educate and train people in your company. At 
some point, you have to demonstrate that you know a lot more 
than what is offered in those videos. So be prepared to fre-
quently stop any video and explain details that are not displayed 
or verbalized in the video. For example, when a video shows a 
shadow board for tools, stop the video and explain that it is the 
responsibility of every operator to not put back a broken tool 
and walk away.

Make Full Use of Facility Walkthroughs
Nothing is better than recording actual examples of the Seven 
Types of Waste (Overproduction, Transportation, Scrap/
Rework, Operator Motion, Overprocessing, Waiting and 
Inventory) in your own facility. All it takes is a facility walk-
through armed with a camera. However, it is important that 
you plan this walk based on the routing of a key component 
(or product) that you make, or better yet, an entire part family. 
Figure 1a shows the manufacturing path followed by a forged 
part. The locations of the different machines that feature in 
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Figure 1a  Spaghetti Diagram for a Single Forged Component.
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that part’s routing and the sequence in which they are used are 
shown on the diagram. To capture the waste between all pairs 
of consecutive operations, stand at the location of each opera-
tion, look in the direction of the location where the next opera-
tion will be done and take a photograph. For example, Figure 
1b captures the distance of travel and the absence of line of 
sight (LOS = 0) between the locations of Operation #1 (the par-
tially-shown building on the right in the photo) and Operation 
#2 (the building on the left in the photo). Which of the seven 
types of waste are caused by the transportation between these 
two consecutive operations to produce this forging?

Next, to capture the wastes at the location of every opera-
tion, stand at the location of each operation and take a wide-
angle photograph of the machine and its vicinity. Figure 2a 
shows different locations at which I took photographs related to 
the machines used to make the forging. For example, Figure 2b 
shows how bar stock delivered by the suppliers was stored out-
side the building that housed the presses. Which of the seven 
types of waste are caused by the absence of any visual indicators 
to distinguish the different types of bar stock stored on the racks?

For free information on how to do a walkthrough of your 
facility and conduct an effective morning meeting to report 
your observations, you may find helpful these videos posted 
on YouTube: (i) Morning Improvement Walk and (ii) Lean, The 
Morning Meeting at FastCap.

Make Your Own In-House Training Video
Next, you could take on the challenge of making a video based 
on your own shop, like the one titled How a Job Shop Developed 
their In-House Training Video on Waste Elimination that PR 
Machine Works (www.prmachineworks.com) made. It is based 
entirely on the videotape of a facility walkthrough that was led 
by their president, Mark Romanchuk. This video was the basis 
for a step-by-step tutorial on waste identification and elimina-
tion that I taught to their key managers. However, my all-time 
favorite is the video titled A Program to Initiate Job Shop Lean 
at Bula Forge & Machine Inc. that was made by Bryan Wang, 
a former IE graduate student at The Ohio State University. He 
single-handedly produced the video that documented his three-
month summer internship in a custom forge shop. They hired 
him to do a pilot project to implement Job Shop Lean in their 
facility. Find an interested employee in your company and let 
him/her loose on this video project to enhance your company’s 
lean training curriculum.

You Must Include These Videos in your Company’s 
Lean Training Curriculum
I am referring to Toast Kaizen (Vendor: www.gbmp.org) which 
is one of the best educational videos on lean ever made, in my 
honest opinion. In fact, this video is at the heart of an advanced 
half-day workshop on continuous improvement that I have 
developed to teach “Lean IE” to our interns and lean six sigma 
staff. Beyond discussing the superb examples of the seven types 
of waste explained in this video, I also teach how to develop a 
flow process chart, spaghetti diagram, 5 whys tree, Ishikawa 
(cause and effect) diagram, constraint-driven thinking, tree dia-
gram and Gantt chart to expand their problem-solving and sys-
tem design skills.
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Figure 2a  Locations at or near different machines where wastes were 
photographed.

Figure 2b  Wastes due to inefficient storage of raw materials.

Figure 1b  Wastes due to transportation between consecutive 
operations.
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The second video that I highly recommend, in spite of its 
intimidating price tag, is The Goal (www.goldratt.com). It intro-
duced the world to Eliyahu Goldratt’s theory of constraints 
(TOC). The trouble I have with lean’s over-emphasis on waste 
elimination with employee-led kaizens is that it is very easy to 
unleash a frenzy of factory-wide waste elimination efforts with 
no overarching goal. Instead, I favor integrating TOC and lean 
as follows: (a) select a key value stream (or part family) and (b) 
focus on eliminating waste first and foremost on the bottleneck 
in the value stream for the single assembly (or value network 
for the part family). As I did in the case of Toast Kaizen, so also 
in the case of The Goal, I have created a list of questions that 
I ask those who are watching the video to answer while they 
watch the video. Every time that I show The Goal, I keep check-
ing the answers I wrote for each of the existing questions in my 
question bank. It amazes me that I keep improving the answers 
to the questions I already have. But I keep adding questions 
because I find new nuggets of knowledge embedded in this 
classic educational video.

Putting it all Together
There comes a time when it is important to demonstrate how 
to bring together all this education and training to design and 
operate an actual cell. Figures 3a-3g provide a simple example 
using a forging cell. In the case of this cell, the bar stock was 
stored in a different building (LOC #1 in Figure 3a) and trans-
ported in large tubs to the cell by a forklift (“MHE” = material 
handling equipment in Figure 3a). Notice that the large tubs 
were put down by the forklift driver a considerable distance 
away from the oven. From where he stood in front of the drop 
hammer, the cell operator would walk to the tubs, pick up and 
cradle several billets in his hands, walk back behind the oven 
and place them one-by-one on its conveyor. Then he would 
walk around the oven and wait for a heated billet to emerge 
from the oven. As soon as a heated billet emerged from the 
oven, he would pick it up with a pair of tongs, load it into the 
drop hammer and forge the part.

Figure 3a presents a high-level visualization of the material 
flow of each forging produced in this cell. Figure 3b is a simpli-
fied value stream map to display the operational parameters for 
all the activities performed in the cell. Figure 3c shows the loca-
tion where tubs full of sawn billets are delivered from another 
facility. Do you think that the current inter-facility logistics is 
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MHE=Manual

MHE=Manual

MHE=Manual

Oven Hammer
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Figure 3a  Factory-level material flow for the cell.
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wasteful? And what about the traditional seven types of waste 
in this storage area? Figure 3d shows two tubs full of billets that 
are delivered to the cell. Would you know how many billets 
are contained in each tub? And does that quantity relate to the 
daily demand that should pace the production rate of the cell? 
And will it be easy for the operator to reach into the tub to pick 
the last few billets off the bottom? Figure 3e shows the relative 
locations of two key pieces of equipment in the forging cell. The 
oven needs to be used first before the drop hammer. But their 
positions appear to be interchanged, right? And the two tubs 
full of billets are dropped off to the right of the hammer. Sadly, 
the OSU graduate intern and I worked on this project way back 
in 2004. I knew even less about lean back then. So it completely 
escaped both of us to sit down with the shop owners and point 
out such a simple opportunity to score a win with lean. This 
one-piece flow cell had none of the complexity of a FLEAN cell 
and could have been improved using value stream mapping.

Figure 3f shows the relative locations of in-process and fin-
ished forgings produced in the cell. Again, back then in 2004, it 
did not strike me why they would put the forgings coming hot 
off the hammer to cool down on a table, and then expend labor 
to pick them off that table one-by-one and drop them into the 

Figure 3b  Shopfloor-level value stream map for the cell.

Figure 3c  Location where tubs full of sawn billets are delivered 
from another facility.

Figure 3d  Tubs full of sawn billets delivered to the cell.

Figure 3e  Relative positions of oven and hammer in the cell.
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wire mesh container. Nor did I ask if later they would empty 
that wire mesh container into a sturdier tub that would be 
used to transport the entire batch of finished forgings to the 
facility that supplied the billets. So here is my question to all of 
you readers — could a fixture be designed that would serve as 
the surface of the table but could be placed on top of the wire 
mesh container? That way, the operator would take hot forg-
ings from the hammer and drop them on this surface. Then, 
say with the palm of his hand he sensed that the hot forg-
ings had cooled off, he would simply tilt the fixture to drop 
the forgings into the container. Why unnecessarily accept the 
delays and costs of wWaiting and inventory wastes due to the 
current arrangement?

Figure 3g presents the improved layout that was designed 
for the cell to eliminate NVA (non-value added) activities. 
How does the circular layout of the cell eliminate operator 
motion waste?

Moving On to More In-Depth Training
Having completed the preliminary lean training with this 
simple forging cell, I next utilize videos to teach the details 
about relevant lean tools and best practices that are essen-
tial to make a cell operate like an autonomous business unit 
(ABU). Some videos that I use to teach how 5S, setup reduc-
tion, cross-training, visual control, continuous flow, etc. 
make a cell operate as an ABU are:

Customer Focused Manufacturing (Vendor: www.sme.
org, DV03PUB53): I use this video to emphasize that con-
tinuous improvement efforts must be made by everybody 
at all levels of the organizational chart — business, factory, 
shop, cell and machine. For example, at the business level, 
this video has segments that show top executives receiving 
training on strategic planning to help them decide that man-
ufacturing cells were a key component of their strategy to 
be globally competitive. Similarly, at the machine level, this 
video shows poka-yoke devices for quickly checking product 
quality, tools hanging within easy reach of every operator, 
wheeled containers designed to hold a specific number of 
parts (“cartban”), ergonomically safe ways to lift heavy con-
tainers from pallets onto racks, etc.

Single Piece Flow (Vendor: www.sme.org, DV06PUB13): 
I use this video in conjunction with a write-up I prepared 
to describe every lean/Job Shop Lean best practice that is 
shown being used in the video. For example, the digital 
counter on the assembly machine displays the Takt time 
(TT) for the cell. Okay, so TT may not be relevant in a high-
mix machining or fabrication cell. Still, it is important to 
explain that the display is clearly visible both to the cell oper-
ator and anyone outside the cell and that it displays a single 
metric that drives cell performance. In this video, I espe-
cially like the segment on the water strider. He/she is not just 
a material handler but also an expeditor who ensures that 
orders are on-time, that replenishments signaled by kanban 
cards are made, etc.

Once again, as I had said earlier in this column, I will 
stress that you cannot just rely on books and videos to teach 
and train your employees and managers about lean or Job 
Shop Lean. Either you or someone else has to become good 

enough to at least be the in-house expert who will repeatedly 
stop these videos to offer more details about a useful tool or 
a best practice or a behavior trait. Personally, I find it okay 
to not know because it puts pressure on me to keep learning 
so that I can try to be a better teacher. For free information 
on work cells, you may find helpful these videos posted on 
YouTube: (i) Why Do You Use “U” Shape Cells at FastCap?, 
(ii) Manufacturing Work Cell Optimization and (iii) Subway 
is a Lean Work Cell – Be a Money Belt!.

Beg, Borrow, Steal, Adapt, Improve, maybe 
Innovate too!
I have never hesitated to borrow every relevant concept, tool 
and system from the Lean body of knowledge and embed it 
into the Job Shop Lean body of knowledge. I have realized that 
Toyota has pioneered and continues to practice to this day an 
IE curriculum that we simply are not teaching in the 100+ IE 
departments in the United States. Even though Job Shop Lean 
is built on IE science, I find the proven, simple, practical tools 
of Lean to be invaluable. Let me give you a personal example 
of this “use whatever works” mindset of mine.

Soon after joining HCA, the Tiger Team for Continuous 
Improvement at HCA-TX had to be given basic Lean train-

Figure 3g  Improved layout for the cell.

Figure 3f  Relative locations of wip and finished forgings in the cell.
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ing. This team is an informal group of employees and man-
agers who have volunteered to learn and do Continuous 
Improvement projects that the team opts to do. But when we 
were re-designing the MPC cell, the challenge arose to dem-
onstrate to the employees working in the cell why, even if they 
did not use one-piece flow between machines, that at least 
they could split any Order Batch into two or more (smaller) 
Transfer Batches. So, first I went on YouTube and watched this 
video titled One Piece Flow versus Batch Production – Lean 
Manufacturing. Then I developed a simple paper-and-pencil 
tabletop simulation to demonstrate to our Tiger Team the dif-
ferences between Order Batch, Transfer Batch and One-Piece 
Flow (Batch Size = 1). The complete details of this game that 
I developed based on the YouTube video are presented in the 
Appendix. Figure 4 provides a sample for the part’s route sheet 
that you could use for this game. I assure you that the impact of 
splitting the single batch of 6 parts into two smaller batches of 3 
parts apiece will impact how quickly the order gets done.

So, I played this game with our Tiger Team. Now, it so hap-
pened that one of its members, Luong Dam, also worked in 
the MPC Cell where an IE graduate intern was working with 
me to completely re-design that cell. The three of us discussed 
(and argued a lot too) why one-piece flow was surely not pos-
sible between the Haas Mill and the group of three Cincinnati 
Mills that Dam ran. But, we felt that it was unacceptable that 
operators at two machines which were a few steps apart contin-
ued to use a batch-and-queue policy instead of 
using transfer batches. Figure 5 shows Dam’s 
idea to start pulling just enough pieces off the 
Haas Mill that he could pack on the arbor 
used on each of his three mills. Thereby, the 
same order could be run in parallel on all three 
machines. Such is the power of education given 
to employees who are empowered to exercise 
their creativity.

A Training Game for Teaching Job 
Shop Lean
Interactive games (aka simulations) are an 
extremely effective way to educate a large 
group of shop employees and managers. Job 
shops are among the most complex high-mix 
low-volume (HMLV) manufacturers. They 
must cope with different manufacturing rout-
ings with varying setup and cycle times at con-

secutive operations, orders with different lot sizes, production 
schedules based on due dates, etc. The JobshopLean Simulation 
is a low-cost interactive simulation to teach the following best 
practices for high-mix low-volume manufacturing that may 
be hard to teach using a typical Lean simulation that models a 
standard assembly line:
• Use Cash Flow Velocity as a single metric that drives cell per-

formance
• Segment the parts into multiple segments based on Volume 

and Value in order to assign priorities when releasing orders 
into the cell, especially at the bottleneck machine in the cell

• Identify part families in the product mix
• Group machines into manufacturing cells to make the part 

families
• Design a U-shaped layout for a manufacturing cell with dif-

ferent routings
• Plan the equipment allocations to the cells based on 

Workload vs. Available Capacity
• Identify certain routings that have “misfit” operations that 

complicate flow logistics inside a cell
• Train material handlers to become “Water Striders” on the 

shopfloor
• Cross-train employees to attend to multiple machines within 

a cell
• Introduce multi-function flexible automation to reduce the # 

of machines in a cell
• Schedule a cell subject to finite capacity constraints and to 

control release of orders into the cell
• Encourage feedback and ideas from the cell employees
• Exploit visual management to guide “visual pull” of orders 

into the cell
Throughout the simulation I play the role of the Water 

Strider moving jobs between different machines. This allows 
me to have fun, as well as entertain and instruct the class. 
Throughout the simulation, I repeatedly emphasize that stan-
dard Lean tools, such as 5S, SMED, TPM, Visual Workplace, 
etc., are universally applicable.

A Simpler Version of the JobshopLean Simulation
The JobshopLean Simulation requires at least a half-day to run. 
Instead, a simpler version of that simulation, the Stamping Cell 

Part XXX Lot Size: 6 Part # of 6
Operation # Machine Used Operation Time

1 M1 24
❑❑❑❑❑❑❑❑❑❑ 
❑❑❑❑❑❑❑❑❑❑ 
❑❑❑❑

2 M2 18 ❑❑❑❑❑❑❑❑❑❑ 
❑❑❑❑❑❑❑❑

3 M3 12 ❑❑❑❑❑❑❑❑❑❑ 
❑❑

4 M4 22
❑❑❑❑❑❑❑❑❑❑ 
❑❑❑❑❑❑❑❑❑❑ 
❑❑

5 M5 20 ❑❑❑❑❑❑❑❑❑❑ 
❑❑❑❑❑❑❑❑❑❑

Figure 4  Route Sheet for the Part.

Order Batch Size 
= 100.  But, 
since the arbor 
on the 
Cincinnati Mill 
can fit only 16 
pieces, a 
Transfer Batch 
Size = 16 is 
feasible 

Figure 5  Transfer Batch determined by the Fixture used on the Mill.
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Layout game, could achieve almost the same learning objec-
tives. The cell needs to produce a number of different license 
plates. The class is asked to design a layout for this cell that 
makes it (i) flexible, (ii) fast and (iii) cost-effective to oper-
ate. The cell consists of six stamping presses and a location 
R/S. The location R/S is the combination of two departments: 
“R” = Receiving (for receipt and storage of raw materials) and 
“S” = Shipping (for receipt and shipping of finished products). 
Six volunteers are chosen to role play as the “stamping presses”. 
They each receive an inkpad and a stamp with one of the six let-
ters – W, E, T, A, H, C. They would stamp their letter on each 
license plate that has a word with that letter in it. The set of 
license plates that must be produced is as follows:

Wheat Thaw Etch
Cheat What Whet
Teach Chew Each
Chat Hate Ache

Watch Heat
Each license plate is assigned to a different person in the 

class. Each license plate will start at the location R/S visit the 
appropriate sequence of presses one-by-one, get the sequence 
of letters stamped on it at the different presses and, after all the 
needed letters have been stamped on their plate, they return 
to the location R/S. When a license plate reaches a particular 
press to get their next letter stamped, they wait their turn in the 
queue to get stamped before they can move to the next press to 
collect the next letter stamp, and so on. The person carrying a 
license plate must keep a count of the total number of steps that 
he/she walked on their route, beginning and ending at the loca-
tion R/S. On completion of his/her manufacturing route, each 
person reports the total number of steps that they walked to the 
person acting as the R/S clerk sitting near the cell.

So, what are some of the challenging questions that I ask the 
class to answer after they are done playing this seemingly sim-
ple game? Here are the key questions:
• Which of the 720 possible layouts for the cell would mini-

mize the total distance travelled by all the license plates?
• Where should the R/S station be located with respect to the 

six presses in the cell?
• What is the sequence in which the plates should be released 

to the cell to minimize the total time it takes the cell to com-
plete all the license plates? Hint: If you wish to answer this 
question, you will need to learn about Job Shop Scheduling 
then go online and download the free LEKIN Academic 
Scheduling Software.

• Would they release all the plates for production at the 
same time? If not, would they release similar plates such as 
WHEAT, WHAT and HEAT one after the other? Or would 
they prefer to release dissimilar plates such as WATCH, 
HEAT and CHAT one after the other?
This game provides insights into some of the key differen-

tiators between Job Shop Lean from Lean. None of the above 
questions can be answered right off the bat. It is not easy to 
implement Job Shop Lean. If Lean takes years to embed into a 
large company’s culture, it takes a similar amount of time, if not 
more time, to truly convince the owner of a small or medium-
size job shop to invest time and money, especially their own, to 
implement Job Shop Lean.

Advanced Education and Training on Job Shop Lean
I find that games and simulations on Job Shop Lean are enter-
taining and effective for explaining concepts and strategies. But, 
they are incapable of teaching the methods and tools that actu-
ally solve the operational issues that plague HMLV manufactur-
ers. This is why I have developed the following workshops to 
teach advanced Job Shop Lean and IE tools to our interns, IE’s 
and Lean Six Sigma staff:
• (5-day workshop) Fundamental Methods and Tools of Lean 

Manufacturing
• (1-day workshop) IE Software to Extend the Lean Tools
• (3-day workshop) Fundamentals of Finite Capacity Scheduling
• (1-day workshop) Practical Cell Scheduling using Scheduling 

Algorithms, Lean and TOC
• (5-day workshop) Building a High-Mix Low-Volume 

Manufacturing Facility using Production Flow Analysis

The Good Ol’ Days
Until September 2012, when I was on the faculty of the 
Department of Integrated Systems Engineering at The Ohio 
State University, whenever I ran the Job Shop Lean Simulation 
in any of my courses, I would also teach my students how soft-
ware tools like PFAST (for part family formation), STORM 
(for cell layout), LEKIN (for cell scheduling), TIMER PRO, 
MINITAB, MS PROJECT, etc. facilitate the design and opera-
tion of FLEAN cells. I sorely miss teaching and developing stu-
dents whom job shops all over the United States would hire as 
interns who I would mentor and guide to implement Job Shop 
Lean.

In Conclusion
Nobody taught Toyota how to develop the revolutionary Toyota 
Production System on the pillars of Just In Time and Respect 
for People. They just did it on their own. They had the confi-
dence and internal experts who were courageous enough to 
learn novel problem-solving tools via a try-and-try-again pro-
cess. And that is what is driving me to implement, improve and 
enhance the implementation of Job Shop Lean in our high-mix 
low-volume manufacturing facility here in HCA-TX.
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APPENDIX
The purpose of this game is to compare the impact of using 
different batching policies to process the same order inside a 
flowline-type manufacturing cell. If it is not possible to have a 
true one-piece flow cell, consider splitting an order batch into at 
least two smaller batches (aka transfer batches). Due to proxim-
ity between consecutive machines used to machine any part, it 
is possible to break up the Process Batch (aka Order Batch) into 
smaller batches as follows:
• Process Batch (= Order Size i.e. this is the quantity ordered 

by the customer)
• Transfer Batch (= a fraction of the Process Batch ex. 1/2, 1/3, 

etc.)
• Single Piece Flow (Make One Part Move that Part)

For example, the table below lists the generic manufacturing 
sequence of steps for any Packing Ring produced in the MPC 
Cell:

Step # Description of Machining Operation
1 Turn on HAAS Lathe (or Mori Seiki)
2 Grind on Melchiorre
3 Mill on HAAS Mill
4 Slit on Cincinnati Mill
5 Hand Deburr + Install Spring  
6 Drill Hole + Insert Pin 
7 Rebore on LeBlonde + Light Tight

Currently, Steps 1 and 2 are not done inside the cell, and Step 
2, 4 and 7 are batch, while the others are single-piece.

Please understand that the game is a highly simplified version 
of the real cell! For the sake of simplicity, it is structured as fol-
lows:
• A single part will be made.
• The manufacturing sequence of operations for producing this 

part contains five steps: 1, 2, …, 5.
• The cell layout would be M1→M2→M3→M4→M5. The indi-

viduals who will be the five different “machines” can be seat-
ed in a line (or U) at a table in the appropriate sequence.

• Each machine must X out their machine’s cycle time squares 
on the page for each part in the batch that arrives at their 
machine. Please see the handout that shows examples of 
Good vs. Bad ways for Xing out each square.

RUNNING THE GAME
The game must be run three times as follows:

RUN #1: This is the case of Transfer Batch = Process 
Batch = 6. NOTES FOR THE INSTRUCTOR: All 6 pages are 
stapled together to represent the Process Batch. Each page rep-
resents an individual part. Place the Process Batch in front of 
Machine #1. The entire batch of 6 parts must be processed at 
each machine before the batch can be transferred to the next 
machine.

RUN #2: This is the case of Transfer Batch = 3. NOTES FOR 
THE INSTRUCTOR: The 6 pages are split up into two sets of 
3 pages apiece. Each page represents an individual part. Each 
set of 3 pages is stapled together to create a Transfer Batch. 
Place the two Transfer Batches on top of each other in front of 
Machine #1. Each Transfer Batch of 3 pages can (and must) be 
processed at each machine before that batch can be transferred 
to the next machine.

RUN #3: This is the case of Transfer Batch = 1 (Single Piece 
Flow). NOTES FOR THE INSTRUCTOR: Place the 6 pages 
together in a loose pile in front of Machine #1! No staples! No 
paper clip! Each page represents an individual part. As soon as 
a single page is processed at each machine, it can be transferred 
to the next machine.

FOR EVERY RUN, the following data must be collected on 
this CELL PERFORMANCE TRACKER sheet that has been 
provided to the team:

Run TRANSFER BATCH 
SIZE

START TIME
(hh:mm:ss)

END TIME
(hh:mm:ss)

FLOW TIME
(sec)

1 6
(= Order Batch)

2 3
(= ½ Order Batch)

3
1

(= 1⁄6 Order Batch)
Single-Piece Flow

DISCUSSION ITEMS
• Are the results as expected? Why?
• Besides the impact on Flow Time for the order, how does the 

change of Transfer Batch Size impact other metrics such as :
 – WIP?
 – Cash Flow Velocity ($ shipped per second)?
 – Floorspace requirements?
 – Quality feedback between operators at the different 
machines?

 – Other KPI’s (Key Performance Indicators)?
• If more than one part were being made in the cell, 

how could you still use the same ideas taught via Run 
#2 and Run #3 if these parts had (i) the same routing 
(M1→M2→M3→M4→M5), (ii) different values for Process 
Batch, (iii) different processing times on the five machines?

• If more than one part were being made in the cell, how 
could you still use the same ideas taught via Run #2 and 
Run #3 if these parts had (i) different routings (Examples: 
M1→M2→M5, M1→M2→M3→M4, M2→M3→M4, etc.), (ii) 
different values for Process Batch, (iii) different processing 
times on the five machines?

• How does a FTT (First Time Through) Quality Cost get 
impacted with the reductions in Transfer Batch Size from 6 
to 3 to 1?

OPTIONAL DISCUSSION ITEMS
I first used this game on 05/15/2013 to train the Tiger Team 
at HCA-TX. The discussion topic was the feasibility of using 
Transfer Batches inside the MPC Cell. I would observe that 
within the cell it was necessary to batch parts per the machin-
ing requirements only at the Cincinnati Mills and LeBlonde 
Lathes. Else, at all other machines in the cell, the operator could 
have made one part and put it in queue at the next machine. 
Yet, that was not the case. Even inside the cell, the Transfer 
Batch for an order was the same as the Process Batch. That 
observation raised the following questions:
• What are the constraints that currently prevent the use of 

Transfer Batches in the cell? And can they be eliminated?
• What are the constraints that currently prevent the use of 

One-Piece Flow in the cell? And can they be eliminated?
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