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In Steps 1 and 2 of Value Stream Management, YOllgained management commitment,
formed a core implementation team, and identified the vallle stream targeted for lean
com'ersion.However,beforeyoucan map the current st<ltei,StcFJ. dekrmine lean met-
rics (Step 5), and plan the future state (Step 6), you must gain a firm understanding of
lean concepts. The purpose of Step 3 is to ensure that everyone has this understanding.
After you leam about lean, you will start applying your knowledge b;: identifying non-
lean conditions in thecurrent state and entering them on the storyboard.

This step covers some key points on how to approach training and reviews the lean con-
cepts that should be conveyed during training. As you read about each concept or tool,
keep in mind that this is but one avenue or approach to leaming about lean. The leam-
ing and implementation process differs for every organization. Integrate what makes
good business sense for your organization. The bibliography includes a good list of
resources that provide more detailed information on the lean concepts and tools dis-
cussed in this chapter.

Training and Doing- The Balancing Act
There is a delicate balance between training and doing. Lean concepts must make sense
now, before you proceed with the next step. Bllt ideally, YOllwant to utilize the LEAP
approach to all training:

~
LEarn ...and then .. .APply

The fasterAP followsLE, the better the results.You willleam much once you start creat-
ing and implementing. But if people are not asking questions, or if they seem disinter-
ested, reconsider the approach immediately, before you go any further. More training or
explanation on lean concepts and tools may be necessary.

Remember that the goal of learning is to get to the doing in Step 8. The point of a lean
manufacturing transfortnation is to drive waste from the value stream. If you put a great
deal of effort into planning a transformation that never actually occurs, all the time and
effort that went into that process gets wasted.
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38 Step 3. Learn about Lean

Learnlngfa Ride

Learningthe ToyotaProductionSystem is a lot like learning to ride
a bicycle. It cannot be done entirely in a classroom or by reading a
book. Youcan draw a bicycleon a white board and tell people where
to place their hands, where to sit, and where to put their feet. But
this explanation is not enough to teach them howto ride. To
become proficientat ridinga bike, you must leam by doing. Youmay
need some assistance at first, because you haven't yet learned how
to balance. Afterseveral attempts and falls, however, you start to
develop a sense or feel for riding.

Understanding and implementingthe ToyotaProduction System is
very similar. Youcan read material about the system and attend
workshops and conferences on the subject. This will help, but like
ridinga bicycle,you must leam by doing. Youwillneed some assis-
tance in the beginningfrom people who have implemented lean
before. Theycan help you keep your balance. As you begin to
change your workplacewith kaizen events, you willmake mistakes.
Don't give up when that happens. Pickyourself up and try again.

The Training Plan

All companies aspiring to become lean must place a premium on education and training.
To get the core impIementation team up to speed, develop a training plan based on the
following five steps:

:1.Determine the required skills and knowledge.

2. Assesscurrent skill and knowledge levels of team members.

3. Determine the gap between present skillsand knowledge and required skills and
knowledge.

4. Schedule the training.

5. Evaluate the effectivenessof the training.

Be sure to document the plan, making a specific agenda of acti\'ities, listing who will par-
ticipate, and setting target completion dates.

The knowledge for the training should come from a variety of sources. Some good
options for training inclllde:

~ Conducting a simulation that ties together all the lean concepts. This can be accom-
plished by attending a public workshop, or by using materials your training depart-
ment may supply.

~ Benchmarking another facility that is using some of the tools (see sidebar).

~ Demonstrating a successful in-house project.

~ Using internal resources to conduct just-in-time lean training sessions that are
qllickly followedby actual application of the concepts.

~ Using a consultant to facilitate the learning as it relates to the value stream.

~ Using books ancIvideos combinecl with group discllssion of the content.
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The more you learn and do regarding lean, the more you wiUbe able to learn and do. As
\vith everything, true learning is cumulative; the way to gain experience with lean manu-
facturing is pragressively,step by step. Build fram what worksand move on.

Benchmarking

Benchmarking is a structured approach to identifying a world-class
process, then gathering relevant information and applying it within
your own organization to improve a similar pr')c~s:~.

Benchmarking Guidelines

O Be specific in defining what you want to improve. You may want
to improve your entire manufacturing organization, but you also
may want to see specifically how a company uses supermarkets
and kanbans.

O Be willing to share. Identify an area you think may be world
class in your organization, if you can, and present that to the
potential benchmark site as something you are willing to share
with them.

O Attempt to make it a win-win experience. Identify what's in it for
the benchmark company! Offer something. Let them know that
you are sincere.

O Know the site. Ensure that the benchmark team is familiar with
so me aspects of the company you will benchmark (products, size,
whether it's a uníon shop, etc.).

O Send questions. Fax or e-mail specific questions in advance to
the benchmark company's point persono

O Don't go alone. Do not benchmark in isolation. It is always
better to have a minimum of two members on the benchmark-
ing team.

O Document. Document and take notes as needed.

O Respect privacy. If some information is proprietary and cannot be
released, respect that and move on.

O Dress appropriately. Be sure to díscuss attire prior to the visito
Most companies have a "business-casual" dress code, but make
sure you never underdress.

O You can call. Consider a conference call if an on-site visit is not
practical.

O Say "thanks!" Show appreciation to the benchmark company.
Consider offering appropriate gifts (Le., t-shirts, hats, golf balls)
to the people you will be visiting.

O Follow up. Follow up with a letter to the host facility detailing
what you found helpful. Again, offer to be a benchmark site for
them at any time in the future.
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Key Concepts of Lean

What should be covered in the training? What are the key concepts people wiII need to
be aware of as they work through the Value Stream Management process? The remain-
der of this chapter provides a brief overviewof the concepts and tools people need in
order to assess the current state and plan the future state effecti\'ely:

· The cost reduction principIe. · The 5S System.

· The seven deadly wastes. · Visual workplace.

· Two piIIars of TPS: · Three stages of lean application:
- JIT (just-in-time) production. - Demand.
- Jidoka (also known as autonomation). - Flow.

- Leveling.

The Cost ReductionPrincipie

Management is constantly under pressure from customers to reduce costs ancllead times
and to maintain the highest quality. Traditional thinking dictates that you set your sale
price by calculating your cost and adding on a margin of profit. But in today's economic
cnvironment this isa problclll.The marketisso competiti\'ethat there isalwayssomeone
ready to take your place. The customer can often set the price. and you don't have the
luxury of adding a margin of profit.

Under these eircumstances, the only way to remain profitable is to eliminate waste fram
your valuestream,therebyredueingcosts.This is the castreductionprincipie.
Determine the price customers are wiIIing to pay, and subtraet your cost to determine
what your profit wiII be (profit = priee - eost) (see Figure 3-1). Not only do eustomers
often set the price, but also they often demand price reductions. This is why eliminating
waste is so important-it's the primary means of maximizing prafits.

,.

,,

Price Price

Cost
Cost

Traditionalthinking

Cost+ profit = price

Leanthinking

Price- cost= profit

Figure 3-1. Cost plus versus price minus

Implementing lean has be come a survival strategy in a manufaeturing environment where
mandatory cost reductions are a faet of life. An organization's resources should be foeused
on installing the proper systemsto achieve cost reductions and the highest standards for
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quality and on-time delivery.Value Stream Management will allo\\' you to deliver those
results, provided you have a plan to ensure that resources are committed in the right
places at the right times.

The SevenDeadlyWastes

The ultímate lean target is the total eliminatíon of waste. Waste, or muda, is anything
that adds cost or time without adding value. Over the years, seven deadly wastes have
been identified (see Figure 3-2):

Motion

ValueAdding
5%

Waiting

Overprocessing

Figure 3-2. The seven deadly wastes

l. \Vaste of overproJucíng:producingcomponenlsthat are not intcnded [or immediate
use or sale.

i \Vasteof waítíng:¡dIetime behveenoperationsor during an operati~n due to miss-
ing material, an unbalanced line, scheduling mistakes, etc. .

3. Waste of transport:movingmaterialmore than necessary.This is often caused by
poor layout. .

4. 'vVasteof processíng:doingmore to the product than necessary.This is the single
most difficult type of waste to identify and climinate. Reducing such waste often
involves eliminating unnecessary work elements (induding inspection through
implementation of ;idoka).

5. Wasteof ínventory:excessstockin the fOrInof rawmaterials,,,'ork-in-process,and
finished goods.

6. 'vVasteof molían: any motion that is not necessary to the successful completion of an
operatíon. Obvious forms of motíon waste indude back-and-forth movement in a
workstation and searching for parts or tools. A more subtle form of motion waste
involves any change in a worker's center of gravity.Thus, any time a worker
stretches, bends, or l:wists,it is a waste of motion.
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7. Wasteof defectsand spoilage:producingdefectivegoodsor mishandlingmaterials.
This includes the waste inherent in having to rework paro not made correctly the
first time through. It also includes productivity losses associated with disrupting the
continuity of a process to deal with defects or rework.

Within these seven categories are many more specific types of \\"aste.To further define
waste and understand how to address it, it is helpful to think of three different levels.
Level one is gross waste, or low-hanging fruit. Specific wastes at this level are relatively
easy to spot, and dealing with them can have a big impact. Le\'el two is process and
method waste, and level three is microwaste within processes. Clear away the lower-Ievel
wastes first to expose the higher-Ievel wastes.

The Two Pillars of the Toyota Production System

The most highly developed lean system in existence is the To;;ota Production System.
In fact, the terms "lean manufacturing" and "Toyota Production System" are inter-
changeable; and most if not a11of the lean concepts discussed in this book were per-
fected at Toyota.

Two pillars support the Toyota Production System (see Figure 3-3):

· Just-in-time (JIT) production - the ideal state of continuous flow characterized by the
ability to replenish a single part that has been "pu11ed"by the customer.

· Jidoka (autonomation)-the practical use of automation to mistake-proof the detec-
tion of defects and free up workers to perform multiple tasks within work ce11s.

The foundation on which these pillars rest is people, and the critical role they play in
eliminating waste from manufacturing and business processes.

LEVELSOFWASTE

LevelOne LevelTwo LevelThree
Grosswaste Processandmethodwaste Microwastewithin process

· Work-in-progress · Longchangeover · Bendingandreaching
- Poorplantlayout - Poorworkplacedesign - Doublehandling
- Rejects - Nomaintenance - Excesswalking
- Returns - Temporarystorage - Lookforstock
- Rework - Equipmentproblems - Paperwork
- Damagedproduct - Unsafemethod - Speedandfeed
- Containersize - NoSOP
- Batchsize
- Poorlighting
- Dirtyequipment
- Materialnotdeliveredtopoint

of use
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Goal:Eliminatewastetoachieve
thehighestquality,lowestcost,

andshortestleadtime

Heijunka Standardizedwork

Kaizen Stability

Figure 3-3. The Toyota Production System

People and Kaizen

AtToyota,employees are encouraged to make positive contributions
toward improvingtheir ownwork areas. Throughkaizen events,
teams meet for a short period to analyze conditions, recommend
improvements, and implement them. The word kaizen comes from
the Japanese characters "kai,"or take apart, and "zen;' or make
good. Toyotais best knownfor the many informalkaizen ideas gen-
erated each day. As people at your site leam about and apply lean
tools and concepts, their increased knowledge and awareness will
result in increasing returns in the ongoing effort to eliminate waste
from your manufacturing and business processes.

JIT (Continuous Flow Production)

The firstToyota Production System pillar represents just-in-time (JIT) prodllction. JIT is
synonymous with continuolls flow prodllction, the goal of which is to provide every CllS-
tomer with the h:ghest qllality products while meeting highly specific order and delivery
requirements:

· only thoseunitsordered;
· ;ust when thev are needed; and
· in the exact amount needed.
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This encompasses not onl)' finished goods, but all material deli\.ered to the next user or
"internal customer" throughout the value stream. The ideal state of continuous flow is
characterized by the ability to replenish a single part that has been "pulled" by the cus-
tomer. This ideal state is also referred to as one-pieceflow.

For JIT to function seamlessly, tools such as value stream mapping, takt time, standard-
ized \York,kanban, and a supermarket puB system must be presentoThis chapter
describes each method, roughly in their order of use.

Jidoka (Autonomation)

The second pillar of the Toyota Production System is jidoka, sometimes referred to as
"autonomation," or automation with a "human touch." Jidoka means the practical use
of automation to mistake-proof the detection of defects and free up workers to perform
mllltiple tasks within work cells. The goal of jidoka is zero clefects-to never pass a
defective product downstream, and to eliminate the risk that an lIndetected defect
will end up in the hands of the customer. However, jidoka is more than just zero
defects. The purpose of jidoka is to achieve zero defects and promote flow within a
JIT system.F.,.erystep ano everytaskof improvementllsing the jidokaprincipIe
accomplishes both goals.

Jidoka is accomplished sIO\vl)',systematically,and inexpensively. It ensures that machines
do only value-adding work. Implementing jidoka reduces cycle time and prevents wastes
such as waiting, transport, inspection, and of course, defects. ). Ioreover, jidoka can be
applied to virtually any production process you have created.

The ThreeFunctionsof Jidoka

1. Separate human workfrom machine work.

2. Developdefect-preventiondevices.

3. Applyjidoka to assembly operations.

Jidoka uses automation in Sllch a way as to promote flow. By contrast, in traditional
manufacturing operations. automatecl equipment has done little to promote the flow
of goods. Instead, manufacturers often get stuck with extremely expensive, sophisti-
cated, ancIunreliable equipment that will not operate continuously and make quality
parts consistently. What's worse, slIch equipment often has been installed ta improve
a specific operation rather than a process. To improve flow, you must consider how
the parts of the process relate to the whole and use automation judiciously to achieve
vour objectives.

Understanding the principIes of jidoka will help you understand how to use automation
to promote a smooth, defect-free process flow.The concepts and tools behind poka-yoke
(mistake-proofing)and the statistical methodologies of Six Sigma will assist in this area
immensely.
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The 55 5ystem-A Key Prerequisite for Lean

The 5S system is designed for organizabon and standardization of any workplace, includ-
ing offices. It is a prerequisite to the implementation of any other improvement method.
B~,implementing 5S , you will:

-1 Teach everyone the basic principIes of improvement.

-1 Provide a starting place for eliminating all waste.

-1 Remove many obstacles to improvement (with ver;:little CGst).

-1 Give workers control over their workplace.

The 5S svstem consists of five activities:
J

Sort-sorting through the contents of an area and removing unnecessary items.

Set in Order-arranging necessary items for easy and efficient access, and keeping
them that wav.

Shine-cleaning everything, keeping it clean, and using cleaning as a way to ensure
that your area and equipment is maintained as it should be.

Standardize-creabng guidelines for keeping the area organized. orderly, and clean,
and making the standards visual and obvious.

Sustain-educating and communicating to ensure that everyone follows the
5S standards.

5S

..
Although 5S activities seem like "good things to do;' they aren't carried out for that rea-
son. The 5S system is not merely housekeeping. It will have a positive impact on per-
formance that will be reflected in the following metrics:

-1 Reduced totallead time.

-1 Elimination of accidents.

-1 Shorter changeover times.
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./ Improved worker attendance.

./ Value-added activities.

./ More improvement ideas per worker.

VisualWorkplace

.\ ,"isualworkplace or visual factory begins with one simple premise: "One picture is
\\.orth a thousand words." If that picture is available exactly when ~/ouneed it, where you
need it, with just the right amount of information, then it's worth several thousand words.
For that reason, the essence of the visual factol}'is "just-in-time information."

On the shop floor, the goal of a visual factory is to give people control over the work-
place. There are severallevels of control that apply (see Figure 3--+).

Warnings

Figure 3-4. Levelsof control

The visual factol}'is part of everything you do in lean. Keep this concept in mind as you
learn about other lean concepts.

Three Stages 01 Lean Application: Demand, Flow, and Leveling

It is helpful to group lean concepts into three stages:demand, How,and leveling. We will
clearly define the tools and techniques within each stage, then outline a logical methocl-
ology for applying lean to the value stream.

1. Customer demand stage-understanding customer demand for your products,
including quality characteristics, lead time, ancl price.

2. Flow stage- implementing continuolls flow manufacturing throughout your plant
so that both internal and external customers receive the right product, at the right
time, in the right quantity.
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3. Leveling stage-distributing work evenly, by volume and \'ariety, to reduce inventory
and vVIP and to allow smaller orders by the customer.

vVerecommend that you implement these stages in the same order as we examine them
here. One of the main reasons why lean transformations fail to be sustained is that people
"cherry pick" their implementation tools-including popular kaizen and value stream map-
ping \vorkshops.Understanding the demand, flow,and leveling stages of application,
along with the guidelines for implementing VSM, will give YOl1the ,;nlidapproach
required not only for implementing, but also for sustaining, ledI1im~,,)\"ements.

· Takt time
· Pitch
· Taktimage
· Bufferinventory
· Safetyinventory
· Finished-goods

supermarket
· Lights-out

manufacturing

· Continuousflow
· Workcells
· Unebalancing
· Standardizedwork
· Quickchangeover
· Autonomous

maintenance
· In-process

supermarkets
· Kanbansystem
· FIFOlanes
· Productionscheduling

· Pacedwithdrawal
· Heijunka(Ioadleveling)
· Heijunkabox
· Therunner

Think in terms of these three stages of demand, flow,and leveling and conduct kaizen
events focused in each of these areas. As you proceed through the stages, the common
principIes or goals are to:

O Stabilize your processes, reviewing customer demand, equipment capabilities, labor
balance, and material flow.

O Standardize your processes ancl the work.

O Simplify through kaizen. after you have stabilized and standardized processes.

Demand Stage

The various tools and concepts for determining and meeting demand include

· Takt time.

· Pitch.

· Takt image.
· Buffer and safetv inventories.

· Finished-goods supermarket.

· Lights-out manufacturing.
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Understand Customer Ordering Patterns

The first and primary concept of lean is to determine what you need to produce specifi-
caIly in terms of quantity and delivery requirements; in other words, determine the actual
number of parts you need to produce each day. This is not just a calculation; it means
understanding your customers' ordering patterns. There are many sources for this infor-
mation, including:

-7 Sales forecasts.

-7 Previous three months' actual production.

-7 Current production forecasts.

-7 Long-term agreements.
-7 Interviews with customers.

Even thOllghit may be difficult to determine customer demand, you can make a good start
b~'finding out what you were producing last \veekand what you are producing this week.

Two Attitudes Toward Customer Demand

There are two opposite attitudes that influence your ability to meet
customer demand: "There is no tomorrow!" or "There is always
tomorrow!"

Meeting customer demand takes more than just applyingthe appro-
priate tools. Youmust take the attitude that there is no tomorrow-
that you have onlytoday to meet your customers' expectations.

The alternative is the attitude that prevails in many organizations
today-the attitude that "we can get most of it done today, and fin-
ish it tomorrow."Such an attitude results in organizations achieving
no better than 90 percent on-timedelivery.

Whichattitude willprevail at yourfactory?

Takt Time

From the data YOllcoBed on customerdemand,youwilldetermineyour takt time, or the
pace of customer demando "Takt" is a Cerman word for a musical beat or rhythm. Just as a
metronome keeps the beat for music, takt time keeps the beat for customer demando Takt
time is the rate at which a company must produce a product to satisfycustomer demando
Producing to takt means synchronizing the pace of production \\"iththe pace of sales.

To calculate takt time for a particular product family or value stream, divide the available
production time by the total daily quantity required.

Takttimeformula

Availableproductiontime Time
Takttime = or -

Totaldailyquantityrequired Volume

Note:Calculatetakttimeinsecondsforhigh-volumevaluestreams.

i.
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Let's saya manufacturing operation is open eight hours a day. To get the available pro-
duction time, you must subtract from eight hours (the total available production time)
the regulady scheduled planned downtime occurrences (for example, the time for lunch,
breaks, or beginning-of-shiftmeetings).

Availableproductiontimecalculation:

Availableproductiontime: 8 hoursx 60minutes
minustwo10-minutebreaks

minusone1O-minuteshiftstartmeeting
minus30-minutelunchbreak

480- 60

= 480 minutes
= -2C":J'!.Jtes

= - JO Inlflutes

= -30 minutes

= 420minutes

Toconvertto seconds: 420minutesX60seconds= 25,200seconds

The total of 25,200 seconds (420 minutes) is the available production time-the produc-
tion time available for you to produce what the customer demands.

Let's say the customer demand is 420 parts per day. To calculate the takt time, divide
the available production time (in seconds) by the total daily quantity required. The
takt time would be 60 seconds, or one minute. This means that your processes must
be set up to produce one unit every 60 seconds throughout the day. As order volume
increases or decreases, takt time may be adjusted so that production and demand
are svnchronized.,

Takttimecalculation:

Takttime= availableproductiontime/ totaldailyquantityrequired
Takttime= 25,200seconds/ 420partsrequired= 60seconds

OperationalTakt Time

Anotherapproachor adaptationof takt is a conceptreferred to as
operational takt time. This is a time that is faster than takt time; it
is used to balance the line to accommodate a chronic system failure
such as equipment downtime, absenteeism, or a sudden customer
demand change.

For example, if your takt time was 60 seconds but you knew of sys-
tem problems that could affect production, you might try to work to
an operational takt time that was 10 percent faster, or 54 seconds.
This WQuldhelp ensure that you could meet the true customer
demand of the 60-second takt time.

Don't be satisfied withcontinuallymaintainingoperational takt. Focus
your kaizen activities to reduce system problems so you can move
toward the 60-second takt that represents the true customer demando
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Pitch

The ideal state in any pu11system is to eliminate a11waste and create one-piece flow
through the entire production system, from shipping back through raw material. However,
,ve know that customers will not usually order product one piece at a time, but in a stan-
dard pack-out quantity shipped in a container of some sort. \Vhen this occurs, we must
convert our takt time into a unit called pitch.

Pitch is the amount of time - based on takt- required for an upstream operation to
releasea predeterminedpack-outquantityof workin process(vVIP)to a downstream
operation. Pitch is therefore the product of the takt time and the pack-out quantity.

Pitchformula:

Pitch= takttimex pack-outquantity

Note:Takttimeis customerdriven.Pack-outquantitymayormaynotbe.

For example, if )'OlHtakt time is 60 seconclsand YOI1want to mO\"e20 pieces at a time,
~"ouwould set a pitch of 20 minutes:

Pitchcalculation:

Pitch= 60seconds(takttime)x 20pieces(pack-outquantity)= 1,200seconds= 20minutes

For high-volume, low-product-mixlines, pitch wi11norma11ybe between 12and 30 min-
utes, depending on customer requirements and any internal constraints.

Calculating pitch is a compromise between producing in large batches and implement-.
ing one-piece flow.For a variety of reasons, it is not alwayspractical to produce to takt
one piece at a time, but it is possible to produce a sma11batch of something in some
multiple of the takt time based on the quantity produced. If your takt time is 0.5 seconds
per part, for example, you are unlikely to achieve one-piece flow; you \Villhave to settle
for producing in sma11lots.

Advantages of Pitch

There are a number of advantagesto produeing in small batehes
based on piteh instead of produeinglarge batches:

-1 A forklift is less necessary because you are working with
smaller lots.

-1 Safety improves because workers are lifting smaller quantities.

-1 I'nventorycontrol improves.

-1 Problems can be identified immediately.

-1 Youcan reaet to a problem in a much shorter time than with
large batches.



Demand Stage 51

An advantage of \vorking in piteh increments is that you can react to a pr.oblem in a
much shorter time than if YOLIwere working in large batches. Pitch allows you to release
a predetermined, manageable amount of \Vorkto the f100rto meet customer demand and
ensure that problems are detected quickly. If, for some reason, parts are not available at
the specified piteh increment, it's important to notify the supervisor or team leader so
that corrective action can be taken.

Takt Image: Visualize One-Piece Flow

To maintain the true spirit of lean, you must believe in and stri\'e for the ideal state of
one-piece flow,and challenge each compromise you make for practical reasons. You must
ensure that you are doing everything possible to continuously impro\'e so that you can
meet the expectations of this ideal state. This vision of the ideal state is called takt image.

Takt Image

Takt image is the vision of an ideal state in whichyou have elimi-
nated waste and improvedthe performance of the value stream to
the point that you have achieved one-piece flowbased on takt time.

Takt image challenges the entire organization to reach a higher le\'el. Let's say that you
are trying to improve a five-stepprocess with a 60-second takt time, To achieve continu-
ous flow in such a process with multiple operations-regardless of \vhether you are pro-
ducing piece-by-piece or in small batehes-each operation must be completed in 60
seconds or less. If the last of five operations in the process is an assembly operation that
cannot presently produce one unit in 60 seconds or less, your ability to meet customer
demand could be compromised. However, a clear understanding of takt image will moti-
vate everyone to make the improvements necessary to achieve a faster assembly cycle
time. Without a clear takt image, you run the risk that people will develop the attitude
that "there is alwavstomorrow,"

Buffer and Safety Inventories

j]]
As soon as you have determined customer demand, you must make the commitment to

lID [§J meet it-now. You do not want to wait until the future state is completed, as that may

~ ~ take months. However, if you cannot confidently meet demand \\'ith current production
processes,you can use the toolsof buffer and safety inventory.These are temporary
measures that allow you to meet demand while you are planning and implementing
improvements.

Buffer inventof)' is used when customer demand suddenly increases and your production
process is not capable of meeting a lm,ver(faster) takt time. Safel:yinventory, on the other
hand, protects you from internal problems (labor power issues, quality problems, equip-
ment reliability problems, power outages, and the like) that could prevent you from
meeting demando

B:' establishing buffer and safety inventories, you can meet demand without having to
schedule overtime sporadically. But remember that buffer and safety inventories are com-
promises on the journey to your ideal state. Excess inventories are waste. As customer
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Buffer and Safety Inventories

Buffer Inventory Finished goods available to meet eustomer
demand when eustomer ordering patterns, or takt
time, varíes.

Safety Inventory Finished goods available to meet eustomer
demand when internal eonstraints of ineffieien-
eies disrupt proeess flow.

Note: These inventories should be sto red and traeked separately.
They exist for two distinet reasons.

demand becomes more stable and you improve the reliability of your operations and
processes, you shollld periodically review these inventories ancI minimize or eliminate
them, if possibIe (see Figure 3-5).

Assembly

UlJ

{

~
Shipping

~

~
Bufferandsafetyinventoriesareforms

ofwaste.Alwaysstriveto implementprocess
improvementsthatwillmakeit possibleto
eliminateorminimizetheseinventories.

Figure 3-5. Buffer and safety inventories

Bufferstockavailable
to meettakttimewhen
customerdemandvaries

Safetystockavailableto meet
customerdemandwheninternal

constraintsor inefficiencies
disruptprocessflow

Finished-Goods Supermarket

I 11 Nexlyou musldeterminewheTecuslomerdemand is lo be mel wilhin yourvalues!ream.
'vVhile shipping personnel are responsible for ensuring that products are shipped, every-
one throughout the value stream is responsible for meeting customer demando Shipping
must be abIe to withdraw finished goods for shipment either from the end of the line or

from a holding area or finished-goods warehouse.
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"Ve refer to such élholding area as a finished-goodssupennurket-probably becallse the
inspiration for Toyota's jllst-in-time pull system was the modern supermarket. Taiichi
Ohno, who invented JIT, was fascinated by the idea that the physical flow of product cul-
minated with its placement on supermarket shelves. He observed that once customers
picked product off the shelves, the grocer replenished inventof)' by pullíng from suppliers
exactly what was needed to replenish inventory.

Similarly, in a finished-goods supermarket, items are not replaced until they are removed;
they are removed \vhen a customer orders them. This is the beginning of a pull system in
which items are replenished by upstream operations as they are removed from shipping
or the finished-goods supermarket. We will explain this unique withdrawal and replenish-
ment system in more detaillater when we discuss continuous flow and kanbans.

Finished-Goods Supermarket

A system used in the shipping part of the value stream to store a
set level of finished goods and replenish them as they are "pulled"
to fulfill customer orders, Such a system is used when it is not pos-
sible to establish pure, continuous flow.

Note: the inventory level in the supermarket does not include buffer
and safety inventories.

Supermarketsare not just for finishedgoods.They can alsobe used-and in fact maybe
required to store-work-in-process in other parts of the value stream. We will cover the
use of in-process supermarkets in om discussion of the flow stage.

Lights-Out Manufacturing

Lights-out or lInattended manllfacturing can be considered a means of meeting customer
demando It is allowing an automated machine to run when the operator is not present.
This will increase the amount of product that can be manufactured. It is a fairly new
concept that can \vork sllccessfully, bllt YOIlmust consicler the following:

O Determineprocesscapability. The process ml1sthave a demonstratecl Cpk(process
capability index) of 1.63, or even 2.0.

O Review type af material. Some materials must be monitored closely to ensure prod-
uct/equipment reliability.

O Review part camplexity. Parts that are extremely complex are not good candidates for
lights-out machining.

O Determine the appropriate lat size. The lot size should be consistent with one-pitch
increments. .

You must also consider the potential problems associated with lights-out machining:

XOperators mal' be reluctant to let a machine run when thel' are not there.

X Ifa quality problem occurs, it may occur throughout the entire lot.

XTime maybe requiredto inspectthe output.
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Lights-OutManufacturlng

Lights-outmanufacturing or "unmanned" machiningis a method for
meeting customer demand by making it possible for automated
machines to run unattended for stretches of time-breaks, lunch, etc.
This increases available productiontime, thus increasing capacity.

Lights-out manufacturing can increase production, but you must \\'eigh the advantages
against the concerns and the costs involved in order to decide whether the strategy makes
good business sense.

Flow Stage

Once you have stabilized demand and devised a system for ensuring that you can meet
it. you will turn your attention toward establishing a ¡low to ensure that customers receive
the right parts at the right time in the correct amounts. The tools and concepts necessary
to establish flow include

· Continuous flow-one-for-one manufacturing.
· \Vork cells.

· Line balancing.
· Standardized \York.

· Quick changeover.
· Autonomous maintenance.

· In-process supermarkets.

· Kanban system.

· First-in, first-out (FIFO) lanes.

· Production scheduling

Pul!

Continuous Flow

Continuous flow can be summarized in a simple statement: "mO\'e one, make one" (or
"move one smalllot, make one smalllot"). Understanding continuous flow is critical to
the just-in-time phiIosophy of ensuring that an upstream operation never makes more
than is required by a downstream operation, so that a vall1estream never produces more
than a customer requires (Figure 3-6).

Continuous flow processing means producing or conveying prodl1ctsaccording to three
key principIes:

· OnIy what is needed,
· Just when it is needed,
· In the exact amount needed.

e
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tEJ~
6Jrocess ' \~e ~ Customer

~

Figure 3-6. Continuous flO\v-"move one, make one"

One piece or one small batch is produced upstream onl:' after a piece or a small batch is
moved or "pulled" downstream.This is also called a pul! system of production. Pull pro-
duction is faster than batch or "push" production (see Figure 3-7).A pull system controls
the flow between operations and eliminates the need for traditional production scheduling.

Figure 3-7. Push versus pull production systern
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Advantages of Continuous Flow

./ Shorter lead times.

./ Drastic reduction of work-in-process inventory.

./ Ability to identify problems and fix them earlier.

./ Makes traditional production scheduling obsolete.

It would be ideal to have continuous flow everywhere, but linking operations compounds
problems each operation may have with:

X Lead times.

X Downtime.

X Changeover.

Other obstacles to continuous flow include poor plant layout and varying speed of processes.

-7For example, consider a value stream consisting of four operations, each with a
demonstrated 95 percent on-time delivery rate to its internal customer downstream.
The cumulative effect would be an 81.-1-percent on-time delivery rate (see Figure 3-8).
If any of these operations were to have additional problems that further diminished the
ability to achieve 95 percent internal on-time delivery, the overallloss would be even
more dramatic. Until the processescan be improved, it may be necessary to use safety
inventory between them to ensure that customer demand can be met on time.

{)\ {)\ {)\ 'O
~

EJrocess E:]rocess 6Jrocess rarocess ~
~~A~B~C~D~~~ tr;;J ~ ~ ~

~~ ~~ ~~ ~~
.95 X .95 X .95 X .95 =81.4%

lomeel lomeel lomeel lomeet (andanunhappy
cellgoal cellgoal cellgoal cellgoal cuslomer)

Figure 3-8. A flo\\' system may compound problems unless processes are improved

U-Shaped
Cell

Work Cells

In a flow system,production items must progresspiece by piece (or in small batches)
through the entire manufacturing process.Equipment must not be grouped by categories
such asstamping, welding, grinding, machining, painting, etc., but in a way that minimizes
transportwasteand sustainscontinuous flow.

One way to achieve flow is to reconfigure operations into work cells. A work cell is a self-
contained unit that includes severalvalue-adding operations. The cell arrangesequip-
ment and personnel in process sequence and includes all the operations necessary to
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complete a product or a major prodllction sequence. vVhen operations are arranged into
cells, operators can produce and transfer parts one piece at a time \\"ith improved safety
and reduced effort.

Some principIes to follow in planning celllayout inclllde the follo\ying:

:J Arrange processes sequentially.

:i Set the cellup for cOllnterclockwiseflow (proll10tesuse of the right hand for activi-
ties while the worker moves through the cell).

:i Position ll1achines close together, while taking safety into consideration for material
and hand movement within a smaller area.

:J Place the last operation close to the first.

:J Create U- or C-shaped. or even L-, S-, or V-shapec1cells, c1ependingon eqllipment,
constraints, and resource availability.

Keep the product demand and mix in mind when designing the celllayout. The cell
must be able to adapt to cllstomers' changing demands (Figure 3-9). .

Operator

Une Balancing

Typically, some operations take longer than others. leaving operators with nothing to do
\\hile they wait for the next partoOn the other hand, some operations may need more
than one operator. Line balancing is the process throllgh which you evenly distribute the
\york elements within a value stream in order to meet takt time. Line balancing helps
optimize the use of personnel; it balances workloads so that no one is doing too little or
too mucho Keep in mind that customer demand mal' fluctuate. amI changes in takt time
often make it necessary to rebalance a line.

Line balancing begins with an analysis of your current state. The best tool to perform this
task is an operator balance chart. The operator balance chart is a \"isualdisplay of the
\york elements, time requirements, and operators at each workstation. It is used to show
iIl1provement opportunities by visuallydisplaying each operation's times in relation to
takt time and total cvcle time.

Cycle Time

Cycle time is the time that elapses from the beginning of an opera-
tion until its completion- in other words, it is the processing time.

Don't confuse this measure of processing time with takt time, which
is the measure of customer demando

Total cycle time is the total of the cycle times for each individual
operation in a value stream.

This is also referred to as total value-adding time (VAT), because
this is the time during which value is actually being added to the
material as it flows through the process.

..
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A

[]

B

[J

e

Figure3-9.U-shaped cell increases flexibility

Total Daily Number

Customer
I

Product Available Takt ofOperators
Demand CycleTime Time Time Required

A I 500 I 60S 30,OOOS 60S 1

B I 1,000 60S 30,OOOS 30S 2

e I 1,500 60S 30,OOOS 20S 3
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The steps for creating an operator balance chart follow:

1. Determine current cycle times and work element assignments. For example con-
sider the following process, which has five operations (A-E), four operators, a takt
time of 60 seconds, and a total cycle time of 202 seconds:
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CT= 50s + 10s + 47s + 30s + 65s= 202sTotalCT

Takttime = 60 seconds

2. Create a bar chart that gives a better visual representation of the condition (see
Figure 3-10).This current-state bar chart clearly shows a line that is out of balance,
and where the imbalance exists.

3. Determine the number of operators needed by dividing total product cycle time by
takt time:

202 (TCT)
# Operatorsneeded = = 3.36

60 (takt time)

A requirement of 3,36 means that you do not really have enough \\'ork to keep four
\vorkers busy, but there is presently more work than three people can handle. This fact
represents a problem, of course. But it also presents an opportunity to design an
improved future state.

If you can eliminate enough waste in the process so that only three operators are required,
you will reduce your direct labor cost per part and be able to re-deploy the fourth worker

Takt TotalCT= 202s

Time 655

60 t - - - - -. D Ta
505 Op

50 + r--1 475 Cycle
Times

t
I I

305
30

20

105
10

A B e D E . Operations
# Operators ) (1) (1) (1) (1)

Figure 3-10. Operator balance chart-current state
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elsewhere. The conventions of lean thinking suggest that a decimalless than or equal to
0.5 (in this case, 0.36) is a good indicator that this is a realistic goal. In the improved
process, each of the three remaining operators must do their share of what is necessary to
make one part within the 60-second takt time (or a small batch within the time calculated
for pitch).Thus, totalcycletime mustbe lessthan or equal to 180seconds.

One solution would be to combine operations A and B, and C and O, simplifying the
new, combined operations so that one person can perform each of the three subprocesses
(.-\-B,C-O, and E) in 60 seconds or less (see Figure 3-11).

TolalCT= 2025 TolalCT= 1805
655

60 + - - - - - - - 1-1- Takt 60
6051 1605, 160~ Takt= 60s

50
50s

475

40

30

20

10
105

A B C D E ~
(1) (1) (1) (1) __ # Op - (1)

ca
(11

E
(1)

Figure 3-11. Operator balance charl-current and proposed

Now you have a target. However, )'ou are probably wondering, "How are three operators
going to complete their work within 60 seconds?" The best ""ayto find the answer to this
question is by implementing standardizecl ",ork.

Standardized Work

For consistent flow to occur within the manufacturing value stream, workers must be
able to produce to takt time and achieve consistent cycle times for the work elements
assigned. You do not want one individual achieving a 45-second cycle time and a
coworker achieving a 60-second cycle time for the same operation. You want to standard-
ize to the 45-second cycle time and see to it that everyone does the same work the same
way.This is accomplished by implementing standardized work.

Standardized work is an agreed-upon set of work procedures that establishes the best
method and sequence for each manufacturing and assembly process. You can use a
Standard Worksheet to illustrate the sequence of operations within a process, includ-
ing operation cycle times (see Figure 3-12).This worksheet should be posted in the
\York area.

50

40

305 I I

30

20

10
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StandardWork Sheet

Scopeof ~m:
operations I To:

Date prepared

or -e'lised:

Quality
check

Safety
I

Standardt I# of pieces
precaution work-in-process of std. WIP

TAKTtime Net time
1

; Operator
number

<) + o 3 30" 30" 1-1

Figure 3~12.Standard Worksheet

Standardized work provides a basis for consistently high levels of productivity, quality,
and safety.Employees develop kaizen ideas to continually improve these three areas.
J Jere ,HC SOI11Cgllidclillcs for il11plCI11Clltill~slalldardizcd \York:

O \rVorktogether with operators to determine the most efficient \york methods and
ensure that consenslls is attained. This may indude revie\\"Íngthe proposed set of
revised work elements with the entire group that will be using them. Do not surprise
people by unilaterally imposing ne\v standards and procedures.

O Use the Standard Work Combination Sheet (Figure 3-13)to understand how
process cycle time compares with takt time. This document displays the material
and human workflowfor a process. It specifies the exact time for each sequence
within an operation, including walk time. If cycle time is longer than takt time, the
operation can be "kaizened~'(improved) to meet takt. This ma~:include allocating
some of the \vork elements into an operation that cycles faster than takt.

O Adhere to takt time, élcritical unit of measurement for stanclardized work. Do not
attempt to accommodate changes in takt time by making substantial changes in
individual workloads. When takt time decreases, streamline the work and add
employees as necessary. \rVhentakt time increases, assign fe\\Oeremployees to
the process.
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Standard Work Combination Sheet Operator:"

Figure 3-13. Standard Work Combinaban Sheet

Quick Changeover

\Vhen you establish takt time, create work cells, and implement standardized work, it is
likely that you will also want to increase the variety of products flowing through the cells.
Such flexibility requires tooling changes that do not disrupt continuous flow.The means
for achieving this goal is the quick changeover (QCO) method. QCO originates from a
methodology called single-minute exchange of die (SMED) that was developed by
Shigeo Shingo at Toyota.

When ta Implement QCO

The need tor QCO usually becomes obvious at one ot two stages-
or at both ot the following stages:

1. Demand stage: slow changeover times present a major obstacle
to meeting customer demando

2. Continuous flow stage: implementing standardized work under-
scores the need tor faster changeover times to reduce total cycle
time and help balance operations.

SMED is a theory and set of techniques that makes it possible to set up or change over
equipment in lessthan 10minutes.SMED beginswitha thorough analysisof current
setup procedures. It is applied in three sequential stages:

1. Distinguishbetweeninternal setup tasksthat can be performedonlywhile the
machine is shut down and external setup tasks that can be performed while the
machine is running.

.,
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2. Convert internal tasks to external tasks \vhen possible; improve storage and manage-
ment of parts and tools to streamline external setup operations.

3. Streamline all sdup activities by implementing parallel operatioI1s(dividing the
\Yorkbetween two or more people), using functional clamping methods instead of
bolts, eliminating adjustments, and mechanizing when necessary.

J\Ierely addressing the obvious things, like preparing and transportin~ tools and equip-
ment while the machine is still rumling, can often cut sctup (¡'"le 1 "-'Fbe 50 percent.

Autonomous Maintenance

Autonomous maintenance is a basic element of total productive maintenance (TPM).
You can often prevent equipment-related lossessuch as breakdo\Vns.speed losses. and
quality defects by addressing the abnormal conditions that lead to such losses: inadequate
lubrication, excessivewear due to contamination from grime or the by-products of pro-
duction, loose or missing bolts, and so on.

Autonomous maintenance focuses on maintaining optimal conditions to prevent such
losses.Autonomous maintenance has proved especiaIIyeffective at reducing breakdowns
and quality problems that disrupt continuous flow.

Autonomous Maintenance Steps

1. Clean and inspect equipment.
2. Eliminate sources of contamination.

3. Lubricate components and establish standards for cleaning and lubrication.

4. Train operators in general inspection of subsystems (hydraulics, pneumatics, electri-
cal, etc.).

5. Conduct regular general inspections.

6. Establish workplace management and control.

7. Perform advancecl improvement activities.

In-ProcessSupermarkets

\Vhere obstacles to continuous flow exist, you can use an in-process supermarket system.
A supermarket of work-in-processmay be necessary to ensure that flow is possible. It is
used when there are multiple clemands made on a machine or a process.

Toyota found the supermarket to be the best alternative for schecluling upstream
processes that cannot flow continuously. As you improve flow, the need for supermarkets
may decrease. Remember that supermarkets are a compromise to the ideal state, as are
pitch, buffer inventory, and safetyinventory. You wiII not achieve your ideal state
o\'ernight, but keep the takt image alive and continually work toward that icleal state.

The supermarket system worksbest when there is a high degree of commonality between
parts. Refer to the PQ analysis or part-routing matrix you created in Step 2 to examine
part families.
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Kanban System

Kanban is at the heart of a puB system. Kanbans are cards attached to containers that
store standard lot sizes. When the inventoIJ' represented by that card is used, the card
acts as a signal to indicate that more inventory is needed. In this way, inventory is pra-
\'ided only when needed, in the exact amounts needed.

The Origin of Kanban

In Japanese, kanban means "card," "billboard," or "sign." Kanban
reters to the inventory control card used in a pull system. Kanban
also is used synonymously to reter to the inventory control system
developed tor use within the Toyota Production System.

Kanbans manage the Aowof material in and out of supermarkets. lines, and cells. They
can also be used to regulate orders fram the factory to suppliers (see Figure 3-14).

1. Customer orders 20 units (electronic transaction).

2. Withdrawal kanban lor 20 units taken to linished goods supermarket.

3. Alter shipper withdraws 20 units Irom the supermarket, takes production kanban lor 20 units and drops it off at Cell 2.

4. Cell 2 operator uses wilhdrawal kanban to pull 20 units 01WIP Irom in-process supermarket. pulls production kanban

lrom container, and drops off at Ce1l1.

5. Cell1 operator uses withdrawal kanban lo pull 20 units 01 raw material lrom raw material supermarket, pulls signal kanban

lrom container and places it in a holder to be collected by supplier's truck driver.

Figure 3-14. Howa kanban systemcontrols material flow

There are three types of kanban:

. A production kanban is a printed card indicating the number of parts that need to be
pracessed to replenish what customers have pulled.

. A withdrawal kanban is a printed card indicating the number of parts to be removed
fram a supermarket and supplied downstream.

. A signal kanban is a printed card indicating the number of parts that need to be pra-
duced at a batch operation to replenish what has been pulled fram the supermarket
downstream.
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You can think of kanbans as a factory's automatic ne¡yous system. To work properly, a few
rules must always be followed:

Kanban Rules

:i Downstream operations or cells withdraw items from upstream operations or cells.

:i Upstream operations or cells produce and convey only if a kanban card is present
and only the number of parts indicated on the kanban.

:i Upstream operabons send only lOO-percentdefect-fre-.:products downstream.

:i Kanban cards move with material to provide visual control.
:i Continue to trv to reduce the number of kanban cards in circulation to force

improvements.

Max= xx

FI FO Lanes

If you lack a high degree of commonality bel:weenparts and cannot use an in-process
supermarket system, then you can work with the concept of a first-in, first-out (FIFO)
lane. First-in-first-out(FIFO) is an inventory control method used to ensure that the old-
est inventory (first-in) is the first to be used (first-out). FIFO lanes are useful in situations
where multiple value streams meet before product customization, and before large-batch
operations where dissimilar parts go through an operation such as anodizing, welding,
stamping, or painbng (see Figure 3-15).

DO~
FIFOLanes

Figure 3-15.FIFO lanes

A FIFO lane has the following characteristics:

Q Holds a clesignatednumber of parts between two processes and is sequentially
loaded.

O Is created in such a way that it is difficult-if not impossible-to draw anything
other than the oldest inventory first.

O Uses a signal to nobfy the upstream process to stop producing when the lane is full,
preventing overproduction (one of the seven deadly wastes).

Max= 20 pieces Max= 20pieces

Assembly11 DOD
Customized

DODPartMaking

t 1 IFIFOlane¡con

To0

.
Machinadown!



o Requires sequencing mIes and procedures for upstream and downstream processes
to ensure that neither overproduces and that time is not wasted.

O Requires discipline by the workforce to ensure FIFO integrity.
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Note that even though in-process supermarkets and FIFO lanes are used in different
situations, in both cases product should be pulled in FIFO order. Standardize processes
for pulling product from in-process racks and for replenishing it so that FIFO order is
maintained.

FlFO Lane Example

An upstream operation cuts steel rods tor a cell that makes three
slightlydifferent but related products. One product starts with a 3-
inch diameter rod that is 8 inches long, the second product starts
with a 4-inchdiameter rod that is 10 inches long, and the third prod-
uct starts with a 5-inchdiameter rod that is 12 inches long. Since
the cell requires three ditterent-sized rods, you could establish a
FIFOlane to ensure that the rods are processed downstream in the
order that they were cut.

On the other hand, it each ot the three products were made trom
the same-sized steel rod, you could establish an in-process super-
market from which parts could be pulled when needed.

Production Scheduling

Remember that a puB system is based on actual need, not forecasts. Sustaining such a
system requires you to schedule production and control invento~' based on the needs of
the downstream operation closest to the cllstomer-and to use pulI and continuous flow
methods to initiate and signal alI other activities. If necessary, you may have to introduce
supermarkets and/or FIFO in the value stream to enable your production system to han-
dIe variations and mistakes. The scheduling point should be one that has zero downtime,
little or no changeover (idealIy less than one minute), and the greatest worker flexibility.
Often this will be an assembly area.

Review 01 the Various Levels 01 Flow

When you plan the future state you will have to consider the best level of continuous
flow for your value stream.

Flow in the Ideal State (One-Piece Flow)

Advantages:

-1 Absolute control over processes.

-1 Instant feedback on quality and safety issues.
-1 Balanced workload.

-1 Immediate reaction to system failure (machine, people, material).

-1 Tme takt image that can be clearly seen.
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Disadvantages:

X None, assumingyou have eliminatedproblemswithdowntimes,changeovers,etc.

Flow Using Supennarkets

Advantages:

,; Allowsfor flow when using shared equipment.

,; Better use of capital equipment when state-of-the-art technolo~' has not risen to
small, more lean-oriented machines.

,; Potential for enhanced labor balance.

Disadvantages:

X Quality is harder to monitor and correct when producing in small batches.

X Erosion of takt image.

X Space required for storage.
X Loss of control.

Flow Using FIFO Lanes

Advantages:

,; Allowsfor flow when potential for chronic failure of upstream process exists.

,; Allowsfor flow during tool changes.

,; Allowsfor complex labor demand within an assembly operation.

Disadvantages:

X Quality is harder to monitor and correcto

X Erosion of takt image.

X Space required for storage.
X Loss of control.

These examples represent only a few of the possible variations. You can develop
an appropriate combined approach depending on your ability to stabilize and standardize
machines, move material, and redeploy people within the value stream.

Leveling.Stage

Alter you have determined demand and established flow,you will work on levelíng pro-
duction. Leveling involves evenly distributing over a shift or a day the work required to
fulfill customer demando The concepts and tools used to level production include

· Paced withdrawal.

· Heijunka.

· Heijunka box.
· The runner.
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To maintain a takt image, you must establish a method by which you can balance the
pace of production against the pace of sales or takt time. There are two ways to accom-
plish this: paced \vithdrawal and heijunka.

Paced Withdrawal

Paced withdrawal is a system for moving small batches of a product from one operation
or process to the next, at time intervals equal to the pitch. Paced \\"Íthdrawal is used when

~'ou have no product variety in the value stream, meaning that all pitch increments will
be identical.

Remember that the ideal state is one-piece flow. However, customers usually want prod-
ucts in containers that hold a standard pack-out quantity. Paced \\"Íthdrawallevels pro-
duction by dividing the total requirement for a shift or day into batches equal to a
pack-out quantity. The pitch determines the frequency with \vhich containers are
released to shipping.

Heijunka (Load Leveling)

Heijunka is a sophisticated method for planning and ]eveling customer demand by vo]-
lime and variety over the span of a day or shift. If there is little or no product variatioll,
~.ou may not need this level of sophistication. As you move to\Vard smaller lots or pure,
continuous, one-piece flow, the demand for parts is subject to sudden peaks and valleys.
Large orders may immediately deplete inventory, making it difficult to manage.

Heijunka mal' be the key to establishing a true lean pull system in your facility-if your
product mix warrants it. Heijunka uses paced withdrawal based on pitch, but breaks it
into units based on the volume and variety of product being manufactured. For example,
consider a value stream that makes five related products in standard-pack quantities of
25, as shown in the table below.

.J

1

In each case, the number of kanbans is determined by dividing the daily requirement by
the pack-out quantity. The total daily requirement is 800 units, and the available produc-
tion time over two shifts is 52,800 seconds. This means that takt time equals 66 seconds
and pitch equals 1,650 seconds (27.5 minutes):

Takttime= Availableproductiontime/ Totaldailyquantityrequired
Takttime= 52,800seconds/ 800units
Takttime= 66seconds

Pitch= TakttimeXPack-outquantity
Pitch= 66secondsperunitX25unitspercontainer
Pitch= 1,650secondsor 27.5minutes

Product A B e D I E
Dailyrequirement 300 200 200 50 I 50

Packoutquantity 25 25 25 25 I 25
# ofkanbans 12 I 8 8 2

I 2I
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So. every 275 minutes, 25 units must be released to shipping. Now the question is: "25
units of which product?" Over the COlmeof the day, the value stream must turn out 12
containers of A, 8 containers each of B and e, and 2 containers each of D and E. In
other words,the ratioofA : B : e : D : E is 12: 8 : 8 : 2 : 2. Reduced to itssmallest
terms, the ratio is 3 : 2 : 2 : 0.5 : 0.5-or, for every three containers of product A pro-
duced, two containers each of products B and e and 0.5 containers each of products D
and E must be produced. The levelled production ratios are managed through distribu-
tion of kanbans using a heijunka box, explained in the next section.

Implementing heijunka clearly requires a sound llnderstanding of customer demand and
the effects of this demand upstream. Heijunka is not something that you can put in place
with a cosmetic lean effort: it requires strict attention to the principIes of stabilization and
standardization.

Heijunka Box

The heijunka box, or leveling box, is a physical device used to manage levelled produc-
tion volume and variety over a specified time periodoThe load is le\'eled with considera-
tion for the most efficient use of people and equipment. Kanban cards are placed in slots
corresponding to the pitch increments in which products are to be re!eased to shipping
and subsequently replenished.

In the heijunka example above, we determined that leve! production could be achieved
based on the following ratio:

A : B : e : D : E= 3 : 2 : 2 : 0.5 : 0.5

Figure 3-16represents a heijunka box. The left column shows 32 pitch increments, and
the right column shows which product is staged for shipment and subsequently replen-
ished during each 27.5-minute periodo

Note that the heijllnka box is loaded in a way that approximately reflects the ratio
shown above:

. Product A is made during the first three pitch periods.

. Product B is made during the next two periods.

. Product e is made during the following two periods.

. Since production is based on pitch, it would be impractical to make a half container
of product D. Instead, it would make good sense to run A-the high runner-for three
more pitch periods before running D. This helps sustain flow by minimizing
changeovers.

. After running D, you wouId dedicate the next four pitch periods to running two more
containers of B and e respectively.

. Product E is made during the final pitch period of the first shift.

. The pattern established above repeats during the second shift.
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Figure 3-16. Heijunka box-pitch increment

PitchIncrement Product
6:30- 6:40 Beginning011stShiftMeetingandOperatorPMChecks
6:40:00- 7:07:30 A
7:07:30- 7:35:00 A

7:35:00- 8:02:30 A
8:02:30- 8:30:00 B

8:30 - 8:40 Break-No Production
8:40:00- 9:07:30 B
9:07:30- 9:35:00 C

9:35:00- 10:02:30 C
10:02:30- 10:30:00 A

10:30- 11:00 Lunch-NoProduction

11:00:00- 11:27:30 A

11:27:30- 11:55:00 A
11:55:00- 12:22:30 D

12:22:30- 12:50:00 B

12:50- 1:00 Break-No Production
1:00:00- 1:27:30 B

1:27:30- 1:55:00 C

1:55:00- 2:22:30 C
2:22:30- 2:50:30 E
2:50:30- 3:00:00 End011stShift5S

3:00-3:10 Beginning012ndShiftMeetingandOperatorPMChecks
3:10:00- 3:37:30 A
3:37:30- 4:05:00 A

4:05:30- 4:32:30 A

4:32:30- 5:00:00 B
5:00- 5:10 Break-No Production
5:10:00- 5:37:30 B
5:37:30- 6:05:00 C

6:05:30- 6:32:30 C
6:32:30- 7:00:00 D
7:00 - 7:30 Lunch-No Production
7:30:00- 7:57:30 A

7:57:30- 8:25:00 A

8:25:00- 8:52:30 A

8:52:30- 9:20:00 B

9:20- 9:30 Break-No Production
9:30:00- 9:57:30 B

9:57:30- 10:25:00 C

10:25:00- 10:52:30 C

10:52:30- 11:20:00 E
11:20-11:30 End012ndShift5S
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Figure 3-1i. Heijunka box-kanbans

Note that by the end of the day, production requirements have been met. Twelve con-
tainers of A, eight containers each of B and e, and two containers each of D and E have
been produced.

'vVecreated the table for the preceding example to sho\Vin a simple way on one page
ho\Vthe production of a variety of different products is distributed in a balanced way over
an entire day. A heijunka scheme is more commonly represented as shown in Figure 3-17
(in reality, you might fabricate a box with slots in which you place kanbans or a board on
which the kanbans are posted).

The Runner

1 P_+ I In a lean Iransfonnalron yon oIten discover in the course of performing line balancing that
T' you can eliminate a worker from a target value stream and redeploy that p~rson elsewhere.
Runner Sometimes YOI1can redeploy a displaced operator as a nmner, or material handler, pro-

"ided that he ur she is qualified tu assume that roJe (see "Rullllcr QuaJificatiulls").

The runner ensures that pitch is maintained. He or she covers a designa,ted route within
the pitch period, picking up kanban cards, tooling, and components, and delivering
them to their appropriate places. If a heijunka box is llsed, the runner removes kanbans
from it to use as "\"Ísual"work orders. In a sense, the heijunka box is like a mailbox for
the value stream, and the runner is the mailman. If a heijunka box is not being used,

t
t
t

RunnerQualificaUons

· Understandsvalue stream production requirements.

· Communicates well.

· Able to recognize and report abnormalities.

· Understands lean concepts.

· Understands the importance of takt time and pitch.

· Works efficiently and precisely.
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then the runner picks up and delivers parts from store locations as required to sustain
efficient flow through the work areas or cells.

Runners play an important role in proactive problem solving. Because they continuously
monitor the functioning of a line or cell as well as pitch (or takt time), runners are
closely attuned to how well the value stream is fulfilling customer requirements.
)1ormally, when a problem occurs, an operator immediately notifies a team leader or
supervisor and the problem is addressed after it occurs. However. runners are in a unique
position to help prevent small problems before they become large problems that seriously
disrupt process flow.

Remember that leveling occurs after you have achieved continuous flow. It is a refine-
ment of your lean designoYou may find that specific techniques implemented earlier will
be eliminated as you successfully level production.

Identify Non-Lean Conditions

.-\fterlearning something about lean, you ",ill begin to look at the value stream in a new
\Vay.As a first step in applying your knowledge, start observing \\"aysin which the manu-
facturing process is not lean, or could be improved. Askyourself questions about what
~"OUare observing, such as:

O Does the tloor layout promote waste-freeflow of parts through the process?

O Do you have a push system or a pull system? How do you communicate orders to
the upstream process? How do you pass components to the downstream process?

O Are you producing in large lots, small batches, or one-piece flow?

O Is customer demand being met? Are you working to takt time? Have you determined
the pitch?

O Is the work area messy and disorganized?

O Are you tolerating inventory, waiting, and other forms of \vaste?

O How long are your changeover times?

Enter your observations on the storyboard in the space labeled for Step 3.

PREMIERE MANf,JFACTURINGCASE STUDY, STEP 3

The team creates a trainingplan and spends the next six weeks learning about
lean manufacturingtools and methods.

~,.

Two of the members attend a one-day seminar on lean. On June 15, the entire
team attends a four-houroverviewon lean manufacturing techniques conducted
by Premiere's training department. The overview includes a simulation that
demonstrates the difference between batch production and continuous flowpro-



Premiere Manufacturing Case Study, Step 3 73

duction. On June 30, five team members go on a benchmarking trip to a local
company that has successfully implemented lean meth09s. By July 30, the team
leader completes and gives a report on Lean Thinking, by Womack and Jones,
and The Toyota Production System, by Taiichi Ohno.

Premier ~Ianufacturing Lean Training Plan

After discussing w~at they have learned and observed, the ~eam members con-
elude that the target value stream is operating currentlywith a push system and
limited continuous flow. Thework areas are generallydisorganized and disorderly,
neither takt time nor pitch is being used, and there is tremendous variation in the
way different operators perform value-addingtasks (in other words, it will be nec-
essary to implement standardizedwork). Theteam enters these observations on
thestoryboard and looks forward to mapping the current state in Step 4.

Storyboard excerpt

TeamMember TrainingÁctivity Completedby
Bob AttendOverview/Simulation 6/15

BenchmarkCompanyC 6/30

AttendLeanWorkshop 7/15
Rob AttendOverview/Simulation 6/15

AttendLeanWorkshop 7/15
Juan AttendOverview/Simulation 6/15

BenchmarkCompanyC 7/15

Judy(TeamFacilitator) AttendOverview/Simulation 6/15

BenchmarkCompanyC 6/30
Rita AttendOverview/Simulation 6/15

AttendLeanWorkshop 7/15

Tom(TeamLeader) AttendOverview/Simulation 6/15

BenchmarkCompanyC 6/30

ReadLeanThinking 7/30

ReadOhno'sToyotaProductionSystem 7/30

Tracy(Scrbe) AttendOverview/Simulation 6/15

BenchmarkCompanyC 6/30

Dateoriginated 10ValueStream

Cuslomer Oedicated SharecJ Inventory Elettronlc Manlr.:.; SupermarketTruck Supennari(et
WlP information informacoo parts shipment

Z/Z/Ol #q & #6 "oses orsupplier process process
stagnatton now IIow00' 00'

OChampion Rob M--"" - O :3
o Team Tom Rita O Pus" proáuetlon No takt time LimitecJ cot1tinuous

Judy Traey {Iow

Bob Juan No pite" Pisorganizeó workplaee
No stanclanJlzecl
Nork


