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SUHIDFH WR WKH&ROOHFWLRQ RI %ORJ 3RVW

Having successfully written my awawdnning blog, AllAboutLean.com, for over six years
now, | decided to make my blog posts available as collections. There will be one book of
collected blog posts per year, from 2013 to 2009is way you can store these blog posts
conveniently on your computer should my website ever go offline. This also allows you a more
professional citation to an article in a book, rather jbhana blog if you wish to use my works

for academic publicatius.

This work is merely a collection of blog posts in chronological sequence, and hence does not
make a consistent storyline but rather fragmented reading. | am also working on books that
teach lean manufacturing. These will also be based on my bloddyuvtll be heavily edited

and reworked to make a consistent storyline. The one | am currently writing focuses on pull
production, and hopefully it will be available soon.

The blog posts in this collection are converted into a book as closely asiaoage. However,

there are a few changes. For one, on my blog, image credits are available by clicking on the
images. This does not work in printed form, hence all images in this collection have a caption
and a proper credit at the end of this book. Besidg own images, there are many images by
others, often available under a free license. | would like to thank these image authors for their
generosity of making these images available without cost. Detailed credits for these other
authors are also at thaceof this book.

Additionally, a few images had to be removed due to copyright reasons. These are, for example,
images from Amazon.com. My blog also includes videos and animations. However, the print
medium is generally not well suited to videos and arionat and | do not even have the rights

to all videos. Hence, | replaced these videos with a link to the video, and edited the animated
images. On digital versions of this book (Kindle eBook, pdf, etc.), these links also should be
clickable. No such luck ith the print version, unfortunately.

Since my goal is to spread the idea of lean rather than getting rich, | make my blog available

for free online. Subsequently, | also make this book available as a free PDF download on my
website. However, if you buy @tn Amazon, they do charge for their eBooks. If you want a
SDSHU YHUVLRQ « ZHOO « SULQWLQJ DQG VKLSSLQJ GRHV F

| would like to thank everybody who has supported me with my blog, including Christy for
proofreading mytexts (not an easy task with my messy grammar!), Madhuri for helping me
with converting my blog posts to Word documents, and of course all my readers who
commented and gave me feedback. Keep on reading!

As an academic, | am measured (somewhat) on the quantity of my pubSdakidthe quality,

mind you!), and my Karlsruhe University of Applied Science tracks the publications of its
professors. In other words, one of my key performance indicators (KPI) is the number of
publications | author. Hence, | will submit these collddi®g posts as publications. On top of

that, | will submit every blog post in this book as a book section too. Hence, | will have over
three hundred publications including seven books, with me as an author, in one year! It will be
interesting to see theaction of the publication KPI system on this onslal:Jht just want to

find out what happens if | submit over three hundred publications in on{year GRQIW NQRZ
if 1 will get an award, or if | will get yelled at, but it surely will be fun. | willdq you posted.

UHIDFH WR WKBOHFWLRQ RI %ORJ 3RVWYV

2020 was again very productive, and | wrote another 53 blog posts. With the help of some
WordPress programming, | also simplified the creation of this collected blog post volume, but

it is still a lot of work to get all the images right and to give prapedits to the authors of

other images. But the Corona pandemic gave me plenty of time. | also was able to work on my



other bookAll About Pull Productionan extensive volume on pull production. At the time of
writing, the proofreading process is nearyngpleted, and this comprehensive volume on pull
production should be available soon. Hence, | took the liberty of listing it already athigre
publicationssection.

As promised in my previous preface, | submitted 334 blog posts as book seotions
university pubication database 2020, as well as the seven books that contained them (plus
some other conference and journal articldéh 373 publications in 2020was easily the most
published author at my universf.

It took quite some time, but emeially someone noticeaty creative outpuk DQG LPPHGLDWH
FRQFOXGHG WKDW WKLV FDQYYW EH ULJKW DQG WRRN WKHI
convince them that all was proper, and these are indeed publications (although admittedly it is

a bitof a stretch to call them academic publicati@BsX W WKHQ WKH\ DUHQYW VKDELE
my statistics is back up where it should be.

Not knowing my large lists of publications, there were also discussions at my university about
giving time credit tauthors of publications. | estimated that according to their ideas, my output

in 2020 would result in a time credit equivalent of two years otiolé work. Hence, | politely
LQTXLUHG ZKHQ , FDQ WDNH WZR \HDUYV R Ik fWwmRthetdyjetWH HYHQ
QRU DQ\WKLQJ DERXW W [EDNEnc®, R 8xpactd) | BealPtRelhBinor, but

little other benefit.

Anyway, | still enjoy writing, and | hope my works, both online and offline, will help you in
your daily work on lean. Nowgo out, and organize your industry!

VI
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Figure 1: Josiah Wedgwoofilmage George Stubbs in public domain)

The British potter Josiah Wedgwood (12 July 178®January 1795) was not only a ceramic
artist, but also on the forefront of the Industidvolution. Wedgwood brought science into

the manufacturing process. He also introduced work standards, time sheets, and many other
methods that are common in the modday workplace.

While experiments to gain knowledge were already well known in scienattsmen still
followed the old traditions and rarely improved their craft. Josiah Wedgwood was one of the
first industrialists who used this scientific method of experimenting and collecting data to
propel his wares to an nevieeforeseen level of quay. Combining this with his keen business
sense, he and his firm prospered, and the works of his firm are still highly regarded even today.

1.1 Personal Life

(Fig. 40,)  TABLET DATED 1602 IN THE WALL OF A HOUSE FORMERLY BELONGING TO
BURSLEM WEDGWOOD,

Figure 2. TheWedgwood Housgmage Eliza Meteyard in public domain)

Wedgwood was born in 1730 in Burslem, Staffordshire, as the eleventh (!) child of Thomas and

Mary Wedgwood. He was the fourth generation of a series of potters. While he was initially a
skilled potter, smallpox almost killed him and permanently crippled himmdii®nger could

XVH RQH RI KLV NQHHV DQG QHHGHG FUXWFKHYV +HQFH KH
wheel. Later in his life, his right leg even had to be amputated, in 1768, due to smallpox. (Please


https://www.allaboutlean.com/225th-anniversary-josiah-wedgwood/

note that general anesthesia was invented oght\yeyears later, although his friend Priestley
>VHH EHORZ@ H[SHULPHQWHG ZLWK 12 « EXW ZLWK UHVXOV
was chopped off with a bone saw). Hence Wedgewood focused more on sculpting and design

rather than making traditiohpottery.

domain)

In school he was skilled at math, and was lucky to have a teacher who was skilled in the
scientific method and taught him the valfeexperiments and data. He worked first with his
older brother Thomas Wedgwood, and thereafter with Thomas Whieldon @72%5), who

soon became his partner. Whieldon was a creative thinker and liked to experiment and to try

things out, significantlyrifluencing Wedgwood.

—— 33

Figure 4: Etruria in 1865(Image Llewellynn Frederick William Jewitt in public domain)

Eventually Wedgwood established his own workshop in Ivy Works in the town of Burslem in
1759 at the age of 29. He moved expanding operations to a larger factory, Bell Works, in
1762 in Burslem, and started his famous Etruria Works in Stokerent, Staffordshire,
England, in 1769. He married his third cousin in 1764 and had eight children. One of his
grandchildren wa€harles Darwin. He died at home in 1795, aged 64, probably due to cancer.

27
F 5]

Figure 5: Etruria (Image Eliza Meteyard in public domain)



1.2 Work Organization

,
T

Figure 6: The throwing room in Etruriglmage ElizaMeteyard in public domain)

JLUVW RI DOO LQVSLUHG E\ ODWWKHZ %ROWRQTV 6RKR IDF\
of the material. His workshop had five major departments, and they were arranged so that the
clay traveled from the docks at the e a circle back to the docks again as finished products.
Contrary to modenglay lean manufacturing, however, he was not controlling the inventory but
produced as much as possible and had quite large inventories.

Wedgwood strongly believed that a divisiof labor and subsequently using many different
separate process steps is much more efficient and profitable than the previous generalist potter.
Hence he organized his workshops in many small tasks, and his workers were assigned specific
workplaces. TheZ HUH QRW SHUPLWWHG WR 3ZDQGHU DURXQG” ™ EH\
common before. He even had separate entrances for separate processes within the same building.

TS Tl

The speed of each task was also matched to the overall speed of the system (a takt time, if you
will). Subsequently the workers became specialists, and therefore also much better and faster

at their specialty than the generalist pattieefore. Out of 278 workers in 1790, only five were

SRGG PHQ  ZLWKRXW D VSHFLILF DVVLIQPHQW +H DOVR FU
WDVN WKH SUHFXUVRU RI PRGHUQ ZRUN VWDQ®GBmMWk&V +HQI
SUWLVWYV « rRen,«WPRraREHUch machines of the Men as cannof err.

He also found that training older workers was much more difficult, and they tended to resist his

new ways. Subsequently he preferred to train young employees to shape them to his vision.
Overall, 25%o0f his workers were apprentices. He also employed women and girls, but also

paid them less than the men and boys.



Figure 8: Bell Works in 186%Image Llewellynn Fféderick William Jewitt in public domain)

Workers had to show up ¢ime, and Wedgwood introduced the first system to track time using

a bell in 1762 in his correspondingly named Bell Works factory. The bell was rung at 5:45AM,

an hour before work to wake people up, at 8:30 for breakfast, at 9:00 for the end of breakfast,
and so on. He used pieces of paper with the names of the employees to track time and attendance,
the precursor of the modern timesheet. This was very much disliked by the older, traditional
employees, but they liked his ban on drinking even less. Stdjgiwvood was never able to

fully control the work times (many modeday shop floor managers surely understand. If not,

JR WR WKH VKRS IORRU ILYH PLQXWHV EHIRUH WKH EUHDN
took whole days of leave, e.g. for funeraidestivals.

Figure 9: Wedgwood Portland Vase, ca. 17@&®age unknown artist in public domain)

To keep discipline, Wedgwood was very stern and often feared by his employees. When a riot
happened in 1783, he summoned the militand had one of the men hanged. Keeping this
discipline was also difficult, as he had to travel often to other cities on business, and his written
rules were usually ignored. He was one of the first who experimented with introducing middle
managers, buiad difficulties finding suitable people. Experienced workers in a supervisor role
continued to ignore the rules. Eventually a nephew of his, Thomas Byerley 18%0), was

DEOH WR WDNH RYHU EXW HYHQ WKHQ :HGJZRRiStW DEVHQF
week honeymoon, for example, production stopped completely. Nevertheless, he was probably
one of the first to introduce the foreman to production.



Figure 10: Wedgwood saucer around 7age unknown artist in publaomain)

His workshops were also meticulously clean. Even though the effect of lead poisoning was still
not well understood (and few industrialists cared), Wedgwood had stramgent rules for the
lead-glazing room. Workers had to keep the room even cidhgne the rest of the factory, were

not allowed to eat in the room, used protective clothing, and used a wet sponge instead of a
brush for applying the coat to reduce dust. Similar measures were taken at the grinding of flint,
the dust of which could dama the lungs.

Despite his stern rule, working for him was popular, pay was good, housing was clean, and he
took care of the health of his people. While he still ruled like a king (like most industrialists of
his time), he was a comparatively good employence, few people left (despite nhumerous
tries by the competition to hire his workers in order to duplicate his success). In his own words,
KH W Xdiafpky @ruhken, idle, worthless workmenL Q h @YY §odd sett of hands

by 1775.

1.3 Accounting

Figl. Fig 2.
(Fig. 78.) ENGINE-LATHE, COPIED FROM PLUMIER'S WORK, AND REFERRED
TO BY MI. WEDGWOOD.

Figure 11. Lathe used in the Wedgwood Fact@iypage Eliza Meteyard in public domain)

Wedgwood also kept track of expenses and profits. Highly unusual for the time, he had an
accounting system rather than just working and hothiag) the profit would materialize. He
knew the cost of every step of his value stream. He experimented with-lay-p#ce
remuneration, but found the resulting quality insufficient. He understood the difference between
fixed assets and variable costsdancreased mechanization of production. For example,
Wedgwood was the first to use a lathe in pottery production.

1.4 Scientific Approach

Figure 122 The Wedgwood sca(emage unknown author in public domain)



Influenced by his school teacher and his first partner, Whieldon, Wedgwood was familiar with
the scientific method, using experiments and measurements to further knowledge in his field.
He performed countless experiments, measuring weights and ingrettecksg the position

in the kiln, and recording the results of the pottery. To measure the temperature, he invented a
high-temperature thermometeta pyrometer, or now callewedgwood scaletwhere the

lils.za0e
seyogeune

Figure 13: Wedgwood Jasper Tria(mage Daderotn public domain)

His notebook was filled with huge amounts of data. He even made models predicting the
outcome of his experiments. He studied chemistry and materials, samgpled and
experimented with different clays and other minerals both for the pottery and for the glaze. Due
to his research, he was able to maintain a consistent quality and color. At that time, if you broke
one of your dishes within a larger set from #eo potter, you could of course order a
replacement. But there was no guarantee at all that it would have the same shade of color. In
the worst case, you ended up with one of your plates looking different.

He also exchanged ideas with Joseph Priestley3(#1804, discoverer of oxygen), and met
and interacted with Benjamin Franklin (17@6L790, one of the US Founding Fathers). He
bought a lathe from Mathew Boulton (1728.809) and became a close friend to him. They
cooperated to create metal implemeintgeramic vases. He was also familiar with Erasmus
Darwin, grandfather of Charles Darwin; catalilder James Brindley; industrialist Richard
SUNZULIJKW DQG PD Q\wh&aj ¢lglRelenfitKritury $CiRIE¥ and industry.

Figure 14: Wedgwood Cream Trialdmage Daderotn public domain)

He was one of the principal members of the Lunar Society of Birmingham, so named since they
met during a full moontwhose extra light made it easier to walk home late at night. These
meetirgs aimed to exchange and discuss ideas, and the society existed for around fifty years.
Many of these irregular members are still well known today, including James Watt (steam



HQJLQH ODWWKHZ %RXOWRQ :DWWYV SDUWGHBarwinfUDVP XV
Joseph Priestley (discoverer of oxygen), John Wilkinson (famous ironmonger), Joseph Black
(discoverer of magnesium), Benjamin Franklin (US Founding Father), and many more.

Figure 15: Richard Arkwright, Matthew Boultodames Brindley, Erasmus Darwin,
Benjamin Franklin, Joseph Priestley, James Watt, John Wilkiéamous authors, in public
domain)

1.5 Economic Success

g

Figure 16. Thomas Bentley on W good Pottgnyage Josiah Wedgwood in public
domain)

In 1769, Wedgwood partnered with Thomas Bentley (1#£3¥80), a local merchant. Soon
Bentley handled the sales in London, and Wedgwood the production in Etruria.

Q 4XHHQ &KDUORWWH RUGHUHG :HGJZRRG SRWWHU\
DUH = $Q\WKLQJ PDGH IRU WKH TXHHQ ZDV H[KLELWHG IRU

They created two different lines of pottery, highality handcrafted and hangainted
Prnamental waré IRU WKH HOLWKHD QBENEWDR PBHGEH XVLQJ VUPSOH PR

the middle class. The ornamental ware was made in Etruria, and the useful ware in the Bell
Works.



Figure 17: Wedgwood Queens Ware, ca. 1{lffage Daderotn public domain)

The highend products were not always profitable sEihe gave away thousands of items for
free to nobility. Second, even if it was a sale, how do you force a king to pay a bill? Nevertheless,
it was excellent advertising and helped sell his other products to the middle class.

Figure 18: Wedgwood Catalogu@gmage British Museum in public domain)

He also advertised in newspapers, and even spread false rumors of upcoming shortages to
increase sales. He printed his first catalog in 1773. Due to the quality anthnitgpof his
goods, he was even able to sell his goods to China (usually it was the other way round).

1.6 Legacy
Japik! URp i

Figure 19: Wedgwood Signaturgmage Eliza Meteyard in public domain)

Wedgwood is known for two things: First, for the artistic quality of his wares. His company
still exists, and is still positioned in the premium segment for ceramics. Second, and the focus
of this post, his scientific approach to manufacturing.\Visislow Tayloris the father of
scientific management, so is Wedgwood the father of scientific manufacturing. His approach to
measure, experiment, and improve quality, as well as hisotigmrganization of his factories,

was centuries ahead of others. He was probably the first to use controlled experiments in
manufacturing. Hence, | am happy to have the opportunity to commemorate him in this blog
post, which turned out much longer thasual. Nowgo out, understand your processes, and
organize your industry!

P.S.:If you want to learn more, | can recommeérite Wedgwood Museuin Stokeon-Trent,
Staffordshire, England.
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Figure 20: Kaizen Word Bubble ifhage PixelsAwawith permission)

If you are in lean, you surely have heard of kaizen, and its English transkaimimuous
improvement proceg€IP). It is one of the fundamental parts of lean. Kaizen generally means

to improve, and in lean in particular, it means to continue improving forever. Pretty much all
FRPSDQLHVY WKDW KDYHQIW JRQH EDQNUXSigénBRinde LY RIW
to continuously improve in order to survive the harsh realities of competition.

Figure 21: Kaizen in Japanesgmage Majo statt Seninder the CEBY-SA 4.0 license)

KaizenLV -DSDQHVH IRU 3LPSURN@WHQWHRIURIEGH WWWHOI GRHYV
about this being a continuous or repeating process, and in normal Japanese it could be only a
single improvement. However, in Japanese business ethics, the repetitive process is pretty much
always implied. Thevord kaizenconsists of two Japanese charactdys: . The first one5

PHDQV 3UHIRUPDWLRQ FKDQJH LQVSHFWLRQ VHDUFK "~ 7
Overall, it is improvement.

2.2 The Basic ldea

You are probably familiar with the basic idea of kaizemel on improving. If you do not
continuously work on getting better, you will fall behind. Or, as it is commonly said in English,
you have to run just to stand still.

2.1 Linguistics

2.3 Different Types of Improvements

You can distinguish improvement into different typesoifiyvant. There is troubleshooting and
problem solving, and then there is actual improvements. The boundary between these two is
actually fluid, but it helps to keep in mind that there is more to kaizen than just firefighting,
even though many shop flooreeamostly occupied with solving problems that pop up.


https://www.allaboutlean.com/what-is-kaizen/

2.3.1 Troubleshooting

/’ o : “
Figure 22: Man on Crutches (Image Tony Alter under theBXC2.0 license)

Even a very well setip production system will degrade over time. Machines and agelsand

their performance may suffer if there is no maintenance. Things will break. Sometimes you
notice right away because the breakdown causes a lot of problems, and this forces you to fix it
immediately. Other times the issue will be more subtle, audnyay not even know that you

have a technical defect, except that your quality or performance is slipping. The system also
changes due to external factors. New products are developed, and what may have worked well
for the old products may not work wellrfthe new ones. The customer wants more (or fewer)
products than before. You get a new supplier, maybe because the old one is out of business. All
of this forces you to change your production system just to keep your company from going
under.

However, fixng problems and troubleshooting is only one part of the different improvement
efforts. Another part is prevention of problems through preventive maintenance and similar
DFWLYLWLHYV , OHDYH LW XS WR \RX WR GHFLGHK.eLl \RX FF
kaizen) or not, since it only maintains the status quo, but you should not neglect it.

2.3.2 Actual Improvement

Figure 23. Marathon Runner (Image Katie Chander the CEBY-SA 4.0 license)

Besides fixing and preventingroblems, there is actual improvement. The system runs, and
there are no major issues like machine breakdowns, but it could run even better. What can you
do to improve the system performance? Could you establish a pull system? Should you improve
work stan@rds? What about improving the shop floor layout to improve performance?

Most companies are almost completely preoccupied with firefighting. Only very lean and well
organized companies spend a lot of their efforts on actual improvement. If you are not sure
which type your company is, then it is probably the former. Some truly lean companies like
Toyota actually spend a lot of effort merely to find out where they still could improve.

10



As | said above, these two groups actually overlap quite a bit, and dkgficltion is not a
tool to distinguish projects, but more of a philosophical aid to show you that there is more to
improvement than what blows up in your face.

2.4 Where to Start?

Figure 24: True North(Image Hike The Monicas under the BG3-SA 4.0 license)
This brings up the question on where to start your kaizen efforts. This is not an easy question.
You should know your true north. What are the overarching goals of your company? At least
some of youimprovement efforts should be geared toward this true north. If you are using
Hoshin Kanrj it may help to give you a better understanding of the direction the company
should be moving. Espedialfor larger projects, Hoshin Kanri or a similar overarching
direction is very helpful.

There are also the firefighting projects. These often take priority. It is of no use to develop a
beautiful pull system if your tools are broken and you do not proaluygthing.
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Ele © o
(8]

g (9]

_lHigh Effort Low

Figure 25. Impact Effort Matrix (Image Roser)

An impact effort matrix can help you prioritize projects. You try to get the biggest bang for the
buck. See more on prioritization in my pégtw to Manage Your Lean ProjectPrioritize.

Some of your kaizen projects may be large, take time, and include multiple people. Do not
underestimate the many things that can go wrong in large projectdeSstegbs are often easier.

Other kaizen projects may be very small, include only one or two people, and can be
implemented quickly using duct tape and some string. Often, if it looks useful and can be done
quickly, then you should just do it. Even stagtian impact effort matrix may be more effort
than doing the quick improvement in the first place. Such quick kaizen efforts are often
particularly good to raise morale.
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2.5 How to Proceed

So now you know where you want to do kaizen. But there are still mamgystkthat can go
wrong. For me, there are a few key points that are more important than others:

Figure 26: Exercising Weight (Image Robert Anthony Provost under th&8¥Q.0 license)

Management Support Any kind of successful pject needs support from management. And

by this I do not only mean that management allows it, or even wants it; they need to put their
weight behind it. If you want to become lean, it is not enough that you want to lose weight; you

actually need to do at of exercise to become lean. This may even require additional manpower

or time to do the actual improvement. At Toyota, they have an amazingly large number of
people to help with the kaizen effort, whereas in many other companies the task is merely
slapped on top of alreadgverworked people.

Worker Involvement: It really helps if the improvement is done together with the people
whose area is affected. Do not change a machine without talking with the workers first. They
may not command your salary, bueyhusually know the shop floor better than anyone else
does.

PDCA: Plandbo £heck#Act are crucial for any kind of project. For me, this is one of the most
important philosophies to achieve success. Many people want to achieve a lot in little time and

do Plar-Do-PlanDo-Plan 'R« EXW HQG XS DFKLHYLQJ QRWKLQJ 7KH &K
to ensure that your improvement is actual an improvement (kdzer, and not a changing

for the worse (kaiakb O).

61610,

So this is the brief overview on how to do kaizen. While tools like SMED have a clear approach

in seven steps (or similar), kaizen is much more fuzzy and harder to nail down. | hope this was
XVHIXO WR \RX DQG JLYHV \RX D IOMAWUW G EWW RI OXIDGD PF €
Now go out, improve your system, and organize your industry, and keep on doing this

forever!

Figure 27. PDCA (Image Roser)
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Figure 28: Flexible Manpower Line 1 Operator (Image Roser)

Production lines with manual labor often have the possibility of adjusting manpower due to
demand. Such flexible manpower lines can work with different staff numbers, and can adjust

the production output to the customer demand. At Toyota, such linesama#édShoujinka

(aCi OLWHUDOO\ 3|l[HZ SHRSOH SURGXFWLRQ" $ JHQGHU Q
OLQH" 7KLV EORJ SRVW ZLOO JR LQWR WKH GHWDLOV RQ K

3.1 Whento Use

Deliver

Figure 29: Source Make Delar Fluctuations (Image Roser)

Flexible manpower lines can be used when customer demand is changing over time. Hence the
customer demand fluctuates. As | explained in a previous post, thetler@zefundamental

ways to decouple fluctuation¥ou can buffer through inventory, you can let your customer
wait, or you can adjust capacity. The flexible manpower line adjusts capacity. By adding and
reducing the number of workers in the line, yam increase or decrease the production output.
This is best used if the customer demand changes for a longer duratiorteBhorhanges

may be decoupled simply by using inventory buffers.

3.2 Requirements

A flexible manpower line is not always possible. Ehare a couple of requirements for this to
work.

Approach is for a flow shop Such a flexible manpower line makes sense only if you have a
flow shop. If you have a job shop or project shop instead, then of course you can also adjust the
manpower in theserpduction systems. However, the method is different and often requires
less finetuning. In job shops, people often move between stations due to the needs of the system,
and the structure for assigning people to stations is usually able to handle difterdratrs of
workers anyway. Furthermore, each process in a job shop is usually a single process and the
number of operators for a single process cannot be changed easily. A project shop is usually
also able to handle different numbers of workers. Hendég usually easier for job shops and
project shops to add or remove workers to adjust capacity than it is for a flow shop. Yet, flow
shops are usually vastly more efficient and produce higher quality at lower cost than comparable
job shops or project shops
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Flow Shop Job Shop Project Shop

Figure 30: Flow Shop Job Shop Project Shop (Image Roser)

.,

[ P

Figure 31: Worker Assembly (Image naxaso with permission)

It must include manual work: Only with manual work can an operator move betwstations

and handle more than one station at a time. If you have a fully automatic system, then it is not
possible to increase or decrease output during the same work time. Okay, technically you could
change your machines to a slower setting, but theme I¥enefit in this. The machines would
work slower, but you would not have any benefits from it. Rather, you risk running into quality
issues because the slower speed settings may require additiortahfimg

It must be more than one manual processThis is also a musgtave. If your system has only
one manual process, then you cannot add workers into it (of course, you could remove the single
worker, but then you would not produce anything).

U - Line

Figure 32 U-line-workers (Image R&s)

Manual stations should be close to each othestrictly speaking, this is not an absolute must
have, but it is highly recommended. Since a worker may be covering multiple workstations, he
must walk between these stations. This walking requires timiehvig of course paid work

time. If there are excessive walking distances, then the additional labor cost for walking is
prohibitive. Often, the line layout is optimized for such flexible manpower, as for example in
an U-Line or a SLine.

Labor must be flexible: If you sometimes need more workers and sometimes less, then you
need to be able to adjust the number of workers. Hence, you need some flexibility with your
workforce. You may be able to distribute excess workers to different flexible manpower lines
with higher demand, or draw workers from flexible manpower lines with lower demand. You
may be able to have more people take a day off, or ask them to come in. In sum, this approach
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makes sense only if you can decrease or increase the number of hounswbsidorce +but
please do this in a way aligned with the workers, the unions, and the local laws.

3.3 Advantages and Disadvantages

Figure 33: Leveling (Image Roser)

Many people believe that a flexible manpower line exists to eetiloor cost. This is not true.
You could also simply reduce labor cost by reducing work time. If you have eight people
working one hour or one person working eight makes no difference for your labor cost.

The big advantage of flexible manpower lines is leling! While the total working time is
roughly the same, the big advantage is a more continuous and steady production. This applies
to the supply, to the demand, and also to the workers.

/HW{V VWDUW ZLWK WKH ZRUNHUV V LR ki hakéKro\difleréneR VW RE
if one worker works eight hours or eight workers each work one hour. However, for the worker

it makes a lot of difference if they come to work for a normal elighir day or if they are called

in for one hour and then sent horné&e workers would be quite unhappy to commute to work

only to find out that they are sent home after an hour. In any civilized country, the unions would

be really upset, and rightfully so. The worker would probably prefer to take a day off rather

than conmg in for one hour. Hence, such a flexible manpower line is easier on the working

hours of the operators.

Similarly for the supply and demand. A continuous and steady demand of parts from preceding
processes is better than a line that runs at full capfmsittwo hours and is then switched off

for the rest of the day. The same applies to the customergileh may be the end customer

or only the next production system in the value stream. No matter if suppliers or customers, if
the line goes from fultapacity to zero and back, you need inventory to buffer these fluctuations,
and hence you need space to store it, tie up capital, increase your lead time, increase material
handling, and many, many other negative aspects associated with inventory. Sest omythe

The Hidden and NeSo-Hidden Costs of Inventorfor more. So, in sunthe advantage of a

flexible manpower line is that it levels your production and keeps your inventory down,

as wellas allowing easier work times for the operators

Figure 34:More work for me?Image STUDIO GRAND OUEST with permission)

All of this does not come free, however. There are also quite a few downsides. A flexible
manpower line is morenanagement overhead Management needs to create and maintain

multiple work standards for a line with different numbers of operators. Management needs to
think about which person does what if there are two, three, four, or more operators in the line.
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This is additional workn setting up the line. Additionally, there is the task of assigning workers
to the line, other lines, or keeping them at home, although you may have similar scheduling
work if you decide to run the line at full capacity with less hours instead.

The workersalso havemore walking distance Since they now cover multiple stations, they

have to walk between these stations. This walking distance takes time, and hence costs the
company money. In some cases, the worker may be able to do a job while walkingdamgl hol

a part, but this is rare.

Figure 35: Training in progresgimage auremar with permission)

Finally, if you reduce the number of workers, a worker needs to cover more stations. Hence,
yourworkers need to be trained in more stions. It is actually good to have workers trained

in multiple stations, and maybe you have qualified your workers already. However, if you have
not yet, then this is one additional task on youdadist.

This is the first post in a foyvost series oflexible manpower lines. In the next post | have a

bit more introduction before | present an example line that will be adapted for different numbers
of operates using the standard work sheets from Toyota. Until then, stay tungd,cancnd
organize you industry!
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Flexible Manpower 2

Figure 36. Flexible Manpower Line 2 Operators (Image Roser)

Having a flexible manpower line is a good way to adjust the production capacity to changing
demand while still keeping youystem leveled. In this second post in my series on flexible
manpower lines, | give you some alternatives before going into more details of an example line
that we will set up for different numbers of operators in the next few posts.

4.1 Alternative Options

Figure 37: Nordic Walking (Image Malcolm jarvis under the B3-SA 3.0 license)
A flexible manpower line is one answer to fluctuating customer demand (or, technically
VSHDNLQJ IOXFWXDWLQJ VXSSO\ Wjpdblern)EROWeVE Kilisvhot V D ZK
the only possible answer. The most desirable solutionrediace or eliminate the customer
fluctuaton DQG IRUFH \RXU FXVWRPHU WR MXVW WDNH DV PXFK
an option. You may be able to influenaeuy customer a bit, however, like the ski pole company
that promoted Nordic Walking, or through promotions and special discounts.

Capacity Time

Figure 38 Triforce Inventory Capacity Time (Image Roser)

Other than that, there atteee fundamental ways to decouple fluctuatidmgentory, capacity,

and time. The flexible manpower line adjusts capacity while running full time. You can also
adjust capacity byeducing or increasing the working time of your line This comes with

the challenge of where to put the workers. Ideally, you have other tasks that need to be done,
and can assign these workers to these other tasks. Sending people home earlier or later may also
bepossible, but this has to align with the workers and unions and labor laws. In most countries,
some flexibility is possible, especially if it is announced beforehand.
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If you run your line for shorter durations, you need to buffer the fluctuations througtory,
which causes more handling, storage -tipccapital, and other costs. For shotesm customer
fluctuations, you can ugaventory buffers to decouple the customer fluctuations. Finally, if
all else fails, you calet the customer wait(i.e., ®ll less). This is usually not a desired solution
but the automatic default if you were unable to resolve the issue in another way.

4.2 Customer Takt and Line Takt

Figure 39: Metronome (Image Vladimir Voronin with permission)

The go&of a flexible manpower line is to match the customer takt with the line takt while
keeping the line working during usual working hours rather than stopping the line. Quick recap:
the takt is the average time between parts, and can be calculated festtraer (average time
between the demand for one part) and the production (average time between the production of
one part). ldeally, these two numbers are very close to each other. Please do not confuse the
takt time with the cycle time. The cycle timeshao problems or losses and is an ideal state.
The takt time includes all losses like machine breakdowns, missing parts, defect parts, and so
on. If you divide the cycle time by the takt time, you get the OEE. For more, see noy post
Different Ways to Measure Production Speed

4.3 Manpower Options and Limitations

Figure 40: A twoman job!(Image New Africa with permission)

Next you have to think about tkéferent manpower options. For many lines this is simple. At
most you can have one person per station. The smallest number would be one person for the
entire line. However, in some cases there may be additional considerations. For example, some
processemay need two (or even more) people to work. If you have to install a large and heavy
item, the station may require two (or even more) people to lift the item into place and assemble
it.

Similarly, there may be situations where having a worker at eveigrstaay be overkill. For
example, assume there are two adjacent stations where a worker has to put a part in the machine,
press a button, and then wait for fifty seconds for the machine to finish the process. In this case,
it would be overkill to have oneorker at each station spending most of its work time waiting,
while one worker could easily do both jobs without any reduction in productivity.
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4.4 Flexible Manpower Example

Figure 41: Nokia 3310 Mobile Phone (Image Multicherry endhe CCBY-SA 4.0 license)

In the following, | will use a simple example of a fictional mobile phone final assembly line.
There are a total of seven steps as shown below. All of them are manual work except step 6, the
electronic quality check. The workemerely inserts the phone into the machine and lets the
machine work on its own.

x Glue foam parts

x Install display in top housing

x Install keyboard in top housing

x Install & connect PCB in top housing
x Close housing with bottom housing
x Electronic quality check

x Packaging of phone and accessories

45 Standard Work Sheet

Creating a flexible manpower line is an excellent use of the standard work sheet from Toyota.
Hence here we will use the standard work sheets as used by Toyota. | have written a whole
series of postsrothis, please check olibyota Standard Work Part 1: Production Capacity
Part 2: Standard Work Combination TgtandPart 3: Standard Work Layaut

As you may remember, there are three parts to the standard work sheet. The first one is
production capacity. Without going through all the dstdikre is the production capacity sheet

for our example. We can see that all steps take around thirty seconds, except the step 6 quality
check, where the manual labor is only five seconds and the machine takesfivees¢gonds.

Production Capacity Sheet
Part Nam4 Final Assembly | Part Nr.‘ 224-08/17 ‘ Dab% 14.01.2020 |Manage|+ John Doe | Sectior{
hil Manual Time | Machine Time Total Time Change Over Time Process Capacif
Seduence Process Name N | Min. | Sec | Min. | Sec. | Min. | Sec | "> °[ Min. | sec. r_l_h%q
1 Glue Foam Parts 0 31 0 0 0 31 (100| O 0 813
Install Display in
2 Top housing 0 29 0 0 0 29 100| O 0 869
Install Keyboard
3 in Top Housing 0|30 0| 0| 0|3 10|0]|oO0 840
Install & connect
4 PCB in Top Housing 0 29 0 0 0 29 100| O 0 869
Close housing with
> Bottom Housing 0|32 0| 0| 032 10 0]0 788
Electronic Quality Qc
6 Check 2000 0 5 0 25 0 30 | 100 O 0 840
Packaging of Phone
7 and Accessories 0 24 0 0 0 24 | 100| O 0 1050
8 0| o
Total| 3 0

Figure 42. Flexible Manpower Example Production Capacity Sheet (Image Roser)
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Glue Foam | |Install Display
Parts in Top Housing

® ©® 6

Packaging off [Electronid Close
Phone and | | Quality housing
Accessories Check | |with Bottom
Housing

Figure 43: Flexible Manpower Example Layout Blank (Image Roser)

Another part of the standard work sheet is the layout. Since we afisaimee already have a

line that we want to adapt for flexible manpower, we assume that we already have a layout.
Usually, even though the number of workers in the line changes, the layout does not. Moving
around the machines would take too much effart| Bence is usually not done. However, |

also have seen lines where the machines were all on wheels and with flexible pneumatic, electric,
and electronic connectors, and they could be moved around easily. Yet, for this example we
stick to a fixed layout sas not to make things too complicated. You can find all the machines
there again, and the major material supplies. This is not yet a finished layout, as we are missing
the walking distances.

Finally we have the standard work combination table. In thike tae will check the work
content (including walking and waiting) for the operators. Below is an incomplete table. It lists
only the tasks and the manual and machine times. The walking times are not included, and
neither is the graph for the operation ti(sece both depend on the number of operators).

Standard Work Combination Table
Part Name Mobile Phone 22117 Part Nr,224-08/16 Date |16.01.2020 Process |Final Assembly Takt Time Demand/Shift
Time i

# Work Content FmaTiechind WK | 10 20 30 40 50 60 70 80" 80, 200 110 120,130 140 150 160 170 160 190
1 Glue Foam Parts 31 0

2 Install Display in Top Housing 29 0

3 Install Keyboard in Top Housing 30 0

4 Install & connect PCB in Top Housing | 29 0

5 Close housing with Bottom Housing 32 0

6 Electronic Quality Check 5 25

g Packaging of Phone and Accessories 24 0

Figure 44: Flexible Manpower Example Standard Work Table Blank (Image Roser)

Just as a reminder, below is the legend for the operation time that we will fill out in a bit. Black
boxes are working times for operators, squiggly lines represents walking, dashed lines are the
working time of machines without operators. Empty boxesesant waiting time and at the

end is a vertical line representing the takt.

wf[:: Complete E L | Manual ST Operator

"1l Diagram Work i |_ Walking

o | . F [l Machine i} | | Operator
] ke me [THEEE ii

Work unn Waiting
Figure 45. Toyota Standard Work Combination Legend (Image Roser)

o

In my next post we will actually plan this line for different numbers of operators. Wedow
all options between a single operator and a sensible maximum of six operators. However, not
all of these options make sense. Until then, stay tunedy@adt and organize your industry!
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Flexible Manpower 3

Figure 46. Flexible Manpower Line 3 Operators (Image Roser)

This third post in the series continues with the example on flexible manpower lines. Now we
will investigate different options for these flexible manpower lines (also calledjinkaa C
i ). | will show you thedetails on all options between a single operator and the (sensible)

maximum of six operators, and why for our example it does not make sense to use four or five
operators.

5.1.1 Single Operator

&ERQWLQXLQJ RXU H[DPSOH OHWYV V\at@ doas AllpvddessesVviLQJOH
sequence, with always 2 seconds walking time in between, except for waking back to the first
station, which takes 3 seconds. The standard work combination table could look as shown below.
All steps are in sequence, and the workeives back at the first station after 195 seconds.
However, this would be the cycle time. For the takt time we would need to add a bit of buffer

to protect against unforeseen events. In this example, | added 3 seconds waiting time for a total
takt of 19 seconds.

Standard Work Combination Table
Part Name Mobile Phone 22117 Part Nr,224-08/16| Date 16.01.2020 Process Final Assembly Takt Time 199s Demand/Shift
Time Operation Time

# Work Content Manual Machine Walk | 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 0

. 2
2 Install Display in Top Housing 29 0 2
3 Install Keyboard in Top Housing 30 0 5
4 Install & connect PCBin Top Housing 29 0 3
5 Close housing with Bottom Housing 32 o 3 |

Electronic Quality Check 5 25 2 1 ope rator

7 Packaging of Phone and Accessories 24 0 3
8

Glue Foam
Parts

Install Display
in Top Housing|

@{\a\

\\]\’b

Omp,lez,ed
Pa’Ts Packaging of| |Electronig
Phone and | | Quality housing
Accessories Check | |with Bottom
Housing

Figure 48. Flexible Manpower Example Layout 1 Operator (Image Roser)

This would be an OEE of 97%, which lodkigh. However, human workers usually have fewer
problems and breakdowns than machines, and human workers can and do catch up if there is a
problem. Hence, with one worker we would be able to fulfill a customer takt of 199 seconds or
slower. This is alsohie minimum sensible output of the line. If you need less time, you would
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have to reduce the working time of the line. The layout could look like the image shown here.
The single worker circles all stations before returning to the first station.

5.1.2 Maximum Num ber of Operators

I1H[W OHWJVY ORRN DW WKH RWKHU HQG ZLWK WKH PD[LPXP
workstations, which would allow a maximum of seven workers in the system. However, step 6
quality check is mostly machine work, and a worker can caensiep 7 while step 6 is in

automatic mode. While you could place seven workers in the system, there would be little
benefit, and a system with six workers performs equally well. Since all but the last worker have

no walking distance, the standard workntmnation table would look like this. Stations 1 to 5

are manned by one worker each, and stations 6 and 7 have a single worker for both stations.

Standard Work Combination Table
Part Name Mobile Phone 22117 |Part Nr. 224-08/16| Date|16.01.2020 Process |Final Assembly Takt Time ~ 37s Demand/Shift

Time i
# Work Content [Forea achinel WA 101 20 30 4D. 50 €0 70 3" 60, 100'148/1301130/340 1560 1601170180 190
1 Glue Foam Parts 31 ]
2 Install Display in Top Housing 29 |
3 Install Keyboard in Top Housing 30

0
0
4 Install & connect PCB in Top Housing| 29 ]
5 Close housing with Bottom Housing 32 | 0 6 Ope rators
6 Electronic Quality Check| 5 25
7 Packaging of Phone and Accessories 24 0

Glue Foam | |Install Display
Parts in Top Housing

6 Operators

G—=o ©

Packaging off |Electronid Close
Phone and | | Quality housing
Accessories Check | |with Bottom)

Housing

Figure 50: Flexible Manpower Example Layout 6 Operators (Image Roser)

The worker with the largest work content (for stations 6 and 7) would complete his round in 34
seconds. Allowing again for a bit of safety, we arrive at attald of 37 seconds. Hence, this

line would be able to satisfy a customer demand of 37 seconds or slower if there are six workers
in the system. This would also be the maximum output the system can handle. If you need more,
you would need to increase wamgi time on the line (e.g., additional shifts), improve
performance, or add another line. The corresponding layout could look like this. All stations
have one worker each, except one worker for station 6 and 7.
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5.1.3 Two Operators

Glue Foam | |Install Display
Parts in Top Housing|

RO—=0

2 Operators i o e e

(bad solution) ’,.---""----—-. o
D:?p"@!ed

arts Packaging of| |Electronid Close
Phone and | | Quality housing
Accessories Check | |with Bottom

Figure 51. Bad Flexible Manpower Example Layout 2 Operators (Image Roser)

There is also the possibility of running the line with two operators. Just to illustrate a point, the
first layout here on the right is NOT a good layout, since there are lots of wdlktagces for

the workers. The second layout below would be much better, since the distance traveled by the
worker and the time required for walking would be less.

Glue Foam | |Install Display
Parts in Top Housing|

[

2 Operators g I
[} I

Packaging of| [Electronid Close

Phone and | | Quality housing
Accessories| | Check | |with Bottom)
Housing

Figure 52: Flexible Manpower Example Layout 2 Operators (ImageeRo

A possible standard work combination table could look like the one below. Worker 1 handles
stations 1, 2, 6, and 7; while worker 2 handles stations 3, 4, and 5. The worker with the largest
work content, worker 2, would be done in 99 seconds. Addinge safety, we get a line takt

of 103 seconds. Hence, this setup could handle customer takts of 103 seconds or slower.

Standard Work Combination Table
Part Name Mobile Phone 22117 |Part Nr, 224-08/16| Date 16.01.2020 Process Final Assembly Takt Time 103s Demand/Shift

Time Operation Time
5 Work Content [Manual Machine| walk | 10 20 30 40 50 60 70 80 P30, 100 110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 ]
2 Install Display in Top Housing 29 0
6 Electronic Quality Check| 5 25
7 Packaging of Phone and Accessories 24 0

| 2 Operators
3 Install Keyboard in Top Housing 30 0 B
4 Install & connect PCB in Top Housing| 29 0 5 _Z_Z_g(:
5 Close housing with Bottom Housing 32 0 3

Figure 53. Flexible Manpower Example Standard Work Table 2 Operators (Image Roser)
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5.1.4 Three Operators

Glue Foam | |Install Display
Parts in Top Housing|

]
3 Operators ,'
I

~
~
0:"01'@:90, =

arts Packaging of [Electronid Close
Phone and | [ Quality housing
Accessories Check | |[with Bottom

Figure 54: Flexible Manpower Example Layout 3 Operators (Image Roser)

Finally, we have the setup with three operators. Here, too, we would have multiple possible
combinations. Below is the layout and the standard work combination table. The worker with
the largest work content, worker 1 would complete his tasks in 62 sedatdisg some safety

this setup with three workers could satisfy a customer takt of 70 seconds or Bl@ase note

that feasible other solutions exist.

Standard Work Combination Table
Part Name Mobile Phone 22117 |Part Nr. 224-08/16| Date|16.01.2020 Process |Final Assembly Takt Time ~ 70s Demand/Shift

# Work Content ey (e Ui 2

|Ma"ual |M“hmel Walk | 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 | 0 N
6 Electronic Quality Check| 5 25

7 Packaging of Phone and Accessories| 24 0

2 Install Display in Top Housingl 29 | 0
5 Close housing with Bottom Housing| 32 0

3 Install Keyboard in Top Housing. 30 | 0 2 _Z_:
4 Install & connect PCB in Top Housing | 29 0 3

Figure 55 Flexible Manpower Example Standard Work Table 3 Operatorsggéma
Roser)

5.1.5 What About Four and Five Operators?

Having seven workstations with at most six operators, we made standard work sheets for one,
two, three, and six operators. What about four and five operators? Well, while this is
theoretically possible, it wodInot make sense for our line. Our example line is reasonably well
balanced, and each task has about 30 seconds (and tasks 6 and 7 together also around 30
seconds). No way how you divide it, if you add additional workers, you just add more waiting
time. L& me show you.

3 Operators

Glue Foam | |Install Display
Parts in Top Housing

5 Operators

O—=o O

Packaging of| [Electronid Close
Phone and | | Quality housing
Accessories || Check | |with Bottom
Housing

Figure 56: Flexible Manpower Example Layout 5 Operators (Image Roser)
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in the layout below besides the operator for steti6 and 7. All other stations (1, 2, and 5) have
only one operator. Below is the standard work combination table.

) } Standard Work Combination Table i i
Part Name Mobile Phone 22117 |Part Nr. 224-08/16| Date|16.01.2020 Process |Final Assembly Takt Time 67 Demand/Shift

Time Operation Time
# Work Content Manual [Machine] Walk | 10 20 30 40 50 60 70 &0 S0 100110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 | 0 NG
2 Install Display in Top Housing 29 0
3 Install Keyboard in Top Housing 30 0

4 Install & connect PCB in Top Housing| 29 0

5 Operators

5 Close housing with Bottom Housing 32 | o

6 Electronic Quality Check| 5 25
7 Packaging of Phone and Accessories 24

Figure 57: Flexible Manpower Example Standard Work Table 5 Operators (Image Roser)

The outcome would be prettydbal he operator for stations 3 and 4 has now twice the workload

of all other operators, and completes his tasks in 61 seconds. Since the line cannot move faster
than the operator with the most work content can, our line also cannot move faster, and,
including some safety, we get a line takt of 67 seconds. With three workers we had a takt of 70
seconds, and after adding two more workers we get a measketond improvement in the

takt time?! This is not worth it; instead of improving the output, we meretgased the waiting

time of the other workers.

Glue Foam | [Install Display
Parts in Top Housing]|

;'q_-f

4 Operators

Packaging of| [Electronid] Close
Phone and | | Quality housing
Accessories Check | [with Bottom

Figure 58: Flexible Manpower Example Layout 4 Operators (Image Roser)

A similar result would have happened with four operators. The work content in the different
VW DW LR Q Ye MistrismiedrRIQdnd you cannot make a Msalanced line with four or

five workers. Here is the layout and the standard work combination table for four operators.
Other solutions exist, but they are not better than this one. The worker with tbst haayk
content (for stations 1 and 2) finishes his round in 65 seconds. With some safety you get a line
takt of 68 seconds. You add one extra operator and all you get out of it is a reduction in takt
time from 70 seconds with three workers to 68 secavittsfour workers. These measly two
seconds are also definitely not worth the extra worker, which just causes a lot of waiting time
in two of the four workers.

) } Standard Work Combination Table i i
Part Name Mobile Phone 22117 |Part Nr. 224-08/16| Date|16.01.2020 Process |Final Assembly Takt Time 68 Demand/Shift

Time Operation Time
# Work Content Manual [Machine Walk | 10 20 30 40 50 60 70 & S0 100110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 | 0 P
2 Install Display in Top Housing 29 0 3
3 Install Keyboard in Top Housing 30 0 2 _Z_(E
4 Install & connect PCB in Top Housing| 29 0 3
_ 4 Operators
5 Close housing with Bottom Housing 32 0 I
6 Electronic Quality Check, 5 | 25 2 e
7 Packaging of Phone and Accessories, 24 0 3

Figure 59: Flexible Manpower Example Standard Work Table 4 Operators (Image Roser)
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5.1.6 Comparison Overview

Figure 60: Flexible Manpower Example Results Overview (Image Roser)

The graph below shows you the line takt times for different nundenserators. The blue bars

are the actual takt time (connected with black lines). The red curve would be a theoretical
optimum if the work at the station would be infinitely divisible without any walking time. This
theoretical line is simply the work caanit of 180 seconds divided by the number of operators.
Unless you optimize the actual work, you will not have a takt time below this line.

With every increase in the number of workers, there is a corresponding decrease in the takt time
texcept for with far and five workers. For four and five workers there is almost no change in
the takt time, hence these two options would be not really good solutions. Therefore, for the
example above, good solutions of flexible manpower lines exist for one, two, thdesixan
operators, but there is no good solution for four and five operators.

In my next and last post on this series on flexible manpower lines, | give you a bri¢d loow
flexible manpower lines to explicitly show you the basic steps. | will also givesgme easier
but not quite as efficient alternative options like theket brigad®r therabbit chaseNow,
go out, make your linefiexible by adjusting the number of operators, amganize your
industry!
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Flexible Manpower 4

Figure 61. Flexible Manpower Line 4 Operators (Image Roser)

This is the final post in this series on flexiblenpawer lines. Since we completed the example
line in the last post, | will give you a brief theoretical {@wwn on how to divide the work
among multiple people. I will also show you some easienanage but maybe nquite-as
efficient alternative optiosy thebucket brigad@and therabbit chase

6.1 How-To: Flexible Manpower Line

Now we have seen the organization of a flexible manpowerfdir an example with anywhere
between one and six worketst me summarize the main points:

6.1.1 Use Standard Work Sheets

Production Capacity Sheet
Part Nam4 Final Assembly | Part Nr.‘ 224-08/17 ‘ Daf 14.01.2020 Manage; John Doe | Se:tior{
Manual Time Machine Time Total Time Change Over Time Process Capacil
Sequence Sl Nr. | Min. | Sec | Min. | Sec. | Min. | Sec | o 7| Min. | Sec. | 7 | hours
1 Glue Foam Parts 0 31 0 0 0 31 100| O 0 813
Install Display in
2 Top housing 0 29 0 0 0 29 100| O 0 869
Install Keyboard
3 in Top Housing 0 30 0 0 0 30 100| O 0 840
Install & connect
4 PCB in Top Housing 0 29 0 0 0 29 100| O 0 869
Close housing with
5 Bottom Housing 0 32 0 0 0 32 100| O 0 788
Electronic Quality Qc
6 Check 2000 © 5 0 25 0 30 100| O 0 840
Packaging of Phone
7 and Accessories 0 24 0 0 0 24 100| O 0 1050
8 0 0
Total| 3 0

Figure 62: Flexible Manpower Example Production Capacity Sheet (Image Roser)

Prepare astandard work production capacity sheet,create a layout(without adding the
workers yet), and createpaoduction capacity sheet(without the operation time chart yet). If
these are unclear, check my series of posts starting Wittota Standard Work Part 1:
Production Capacity

To get a rough estimate of the possible takt times, take the total manual work content and divide
it by the number of workers. Your takt time cannot be faster than this tioadfenit, and in

all likelihood will be 10% to 20% slower than the theoretical limit due to walking time and
uneven distribution of work.
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6.1.2 Try Out Different Numbers of Operators

Glue Foam | |Install Display
Parts in Top Housing|

I
3 Operators |
(bad solution)l'

Packaging of] [Electronid Close
Phone and | | Quality housing
Accessories Check | [with Bottom

Figure 63: This is really bad{Image Roser)

Pick the number of operatorsyou want to investigate. Usually this may include a maximum
number of operators, a minimum number of operators, and anything in between. Now try to
divide the manual work in the stations equally among the workers, wéeping walking
distances short At the same time, make sure that pfagh of the workers does not overlap

and that thestations are in sequence with the material flowlIf the paths of the workers
overlap (as shown here in this terrible example), then you will havikens bumping into each
other, and it will be very confusing. The walking distances will also increase. This may involve
a bit of trial and error, testing different solutions.

If you have a nicely balanced line where every station has roughly the sakneontent, then

you could make a quick check for possible solutions by checking the divisibility of the number
of stations. If you have six equal stations, then your options are probably one, two, three, and
siX, since six can be divided by these numbéxrs.the other hand, if you have seven equal
stations, it is more difficult, since seven is a prime number. It can be only divided by itself and
by one. Hence your options are lines with seven people and with one person.

It helps if you have some stationslegs than the line takt, where even in a fully manned line

an operator is handling more than one process. These stations with small workloads help you
make different numbers of manpower lines even if the number of stations is not easily divisible.
Below is an example where a fully manned line would have five operators, a prime number.
However, since some of these operators handle multiple stations, it is possible to run the line
also with three workers efficiently (I ignored walking times for simplicitshe example below).

Of course, there is also the option to have only one worker.

Operation Time Operation Time
10 20 30 40 50 10 20 30 40 50

Y

5 Operators 3 Operators
Figure 64. Flexible Manpower Prime Division (Image Roser)
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6.1.3 Optimize

Also, never hesitate to optimize As in the previous example shown once nime®w, if you
happened to start a system with four workers, you would quickly find out that two of the
workers have a lot of idle time. This would be a good point to improve the balancing and reduce
one more worker. Similarly, if one worker has an excesaiwrkload, it may make more sense

to add one more worker. A flexible manpower line never works for all possible numbers of
workers equally well. | highly recommend not wasting the time of your workers through waiting
just to achieve a takt time target!

Standard Work Combination Table
Part Name Mobile Phone 22117 |Part Nr. 224-08/16| Date|16.01.2020 Process |Final Assembly Takt Time 68 Demand/Shift

Time Operation Time
# Work Content Manual [Machine] Walk | 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 | 0 P
2 Install Display in Top Housing 29 0

3 Install Keyboard in Top Housing 30 | 0 2
4 Install & connect PCB in Top Housing| 29 0

5 Close housing with Bottom Housing 32 | o

4 Operators

6 Electronic Quality Check| 5 25
7 Packaging of Phone and Accessories 24

Figure 65 Flexible Manpower Example Standard Work Table 4 Operators (Image Roser)

Standard Work Combination Table
Part Name Mobile Phone 22117 Part Nr.224-08/16 | Date |16.01.2020 Process |Final Assembly Takt Time 67 Demand/Shift

Time Operation Time
& Wrork Content Manual Machine Walk | 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170 180 190
1 Glue Foam Parts 31 0
2 Install Display in Top Housing 29 | 0
3 Install Keyboard in Top Housing 30 0

4 Install & connect PCB in Top Housing| 29 o]

!

5 Operators

5 Close housing with Bottom Housing 32 0

6 Electronic Quality Check| 5 | 25
7 Packaging of Phone and Accessories 24

3

Figure 66. Flexible Manpower Example Standard Work Tabl@perators (Image Roser)

In any case, you hopefully end up with different setups that give you different takt times without
ZDVWLQJ WRR PXFK RI \RXU ZRUNHUVY WLPH E\ ZDLWLQJ
you can select the appropriate number of operators to get cldwe dastomer takt. However,

it is unlikely to match exactly. There will be probably some remaining differences which you
may have to sort out through slightly increased or reduced work time, but this change in work
time should be much less than without exible manpower line. After althe benefit of a

flexible manpower line is leveling!

6.2 Alternative Organizational Options

There are also a couple of other alternatives that have less management overhead, but can be
slightly more confusing for the workershdse are:

Figure 67: Animated lean rabbit chas&he original image can be found at
https://wwwallaboutlean.com/flexiblenanpoweilines-4/. (Image Roser)

The Rabbit Chase Two or more workers always move in a circle and handle all processes in
sequence. For details see my pbst Lean RabbiChase in a tLine.
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TheBucket Brigade: Two or more workers move forward in the line, working on all processes
until they meet the next worker (or the end of the line). In this case, they walk back without
processing until they meet the previous worker (or the end of the line). In thisleaséimn
around and work their way forward again on all processes until they meet the next worker again.
For details see my series of posts starting Witk Lean Bucket Brigad@nd also its ariant

One Up One Down

Flgure 68 Animated bucket brlgadé'he original image can be found at
https://www.allaboutlean.com/flexibleanpoweilines-4/. (Image Roser)

For general advice on how to set up a line with workers handling multiple stations, especially
on how to set up the worksiats, check my post ohhe Chaku Chaku Line

6.3 Notes on Implementation

00

Figure 69: PDCA Circle (Image Roser)

Finally, a few notes on implementation. If you set up alflexmanufacturing line, make sure

to include one or more workers from this line in the process. They do know the line best, and
can alert you to problems that you would have never thought of but which can create major
problems during actual use. Be preggirhowever, to overcome some resistance against change
in general. Also, as always, follow tfDCA, and check after implementation if it actually
works.

This concludes this small series on flexible mamgolines. Again, the main benefit here is the
leveling of your production system. Now go out, level your production by adjusting the
manpower to have your line takt match your customer taktpegahize your industry!
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Figure 70. Warehouse worker checking the inventory (Image WavebreakMediaMicro with
permission)

If you are in production, you have material. You probably have too much, except for the one
WKLQJ WKDW T WleyLpdst Lvijll give n dvdddiew of the options for storing material.
Hopefully this will give some inspiration. Please note that this is not on how to manage the
material, merely on how to store it. This is the start of a small series on how to steri@lmat

7.1 Floor Storage

Figure 71. Floor Storage Full (Image Roser)

Probably the easiest approach is floor storage. You just stack your boxes, pallets, and pallet
cages on the floor. This can make the best use of your space brggetackable packaging.

It also requires the lowest upfront investment as you do not need any shelves or similar stuff.
However, it can be a pain to organize, it is difficult to find your things again, and depending on
which item you require, you may reequite a bit of time to dig it out. It is only used if space is

at a premium and there is not much shifting around. A prime example is a container ship.
Usually you need at least some empty space in storage to shift things around in order to get out
materal from farther back. Please keep in mind that no matter how good your system is,
sometimes you will spend a lot of time searching for material that you believe you have.

Figure 72 Container Ship (Image Paul Brennan in publanthin)

31


https://www.allaboutlean.com/storage-strategies-stacking-options/

Figure 73: Floor Storage Rows (Image Roser)

A variant of this leaves at least some rows free. This makes access somewhat easier, but you
may still have to shift material around to access your parts. This is frequentigtusadainer
terminals, although they do have some special equipment to move their containers around. Both
approaches are usually not used in lean manufacturing, since lean generally needs easy and
frequent access to the material.

Figure 76. Shelf Storage (Image Heinrich Taxis GmbH under theB¥SA 4.0 licenge

Another option is shelf storage. Now you need to invest in shelves, hence ylontugost is
higher. You also need to keep access lanes for forklifts, people, or automated retrieval systems.
However, now you can efficiently store material that isstatkable, and you can access every
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item right away (unless you run out of space and your forklift drivers place their items in the
FRUULGRUYV DQ\ZD\ « EXW WKDW RI FRXUVH KDV QHYHU KDS
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Figure 77. Automated Storage Retrieval Shelf System (Image Lance Cheung in public
domain)

This type of storage is common in industry. Please keep in mind, however, that you have a
management overhead, and your system needs to remember which part is where. [€you hav
multiple identical items, you also need to remember which one should be used first.

Naturally it is possible to combine shelves with a dedicated automated storage and retrieval
system. The robot shown here stores and removes trays with data tape&J®miiigary.

7.3 Mobile Shelving

Figure 78. Mobile Shelve (Image Roser)

Mobile shelving is shelves that can be shifted sideways. Often they are found in libraries, but
there are also industrial applications. This can utilize spattertthan a normal shelf, as you

do not need space for access between every shelf. On the other hand, you need to move the
shelves around in order to access certain locations. Hence it is better suited for storage with
lessfrequentlyneeded access. Thikelving can be powered by hand or motorized. The more
slots between shelves you have for access, the less you have to move the shelves around to get
to what you need.
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Figure 79: Mobile Shelving Library (Image Andreas Praefcke under theBEQ.0 license)
7.4 Rotating Shelf Storage

Figure 80: Rotating Shelf (Image Roser)

A variant of shelf storage is storage shelves that can rotate or revolve. Most ctenfoini
smalktpart storage, and is used quite frequently with electronics and other smaller products. The
setup is a bit more expensive than a normal shelf, but it gives easier access. Some of these
towers are quite high, but the smallest such systembecaut on your desk for your stationery.

Still, a system would need to track which part is where.

7.5 Rolling Rack

CrooIvIoyE

Figure 81: Rolling Rack (Image Roser)
7KH UROOLQJ UDFN VA\VWHP XVHV « ZHOO « UneGidlLapd UDFNV
(usually gravity) has the items roll to the other side for consumption. The out side usually has

a stopper of some sort. Hence this system has a clearly defined in and out side. Most importantly,
this system maintains FIFO. This is very conmiyoused in lean manufacturing. If you have

reusable containers, then this system often includes return lanes for these containers.
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Figure 83: Forklift Sliding Rack (Image Roser)

There is also a cheaper variant of the rolling rack for pallets. Instead of actual expensive rollers,
they merely attach some rails to the floor. The forklift puts pallets or pallet cages into one side,

and remoes them from the other side. Since on an even floor there is no gravity moving the
pallets along, the forklift simply pushes the whole row forward until the end of the slide. The
IRUNOLIW GULYHU PXVW WDNH FDUH WK P ihe patletSVRIMNCK TW R Y |
out too far on the other end. Sometimes there is a stopper on the other end, although in this case
the receiving end needs to lift the pallet over this stopper, which may be a problem for small
handoperated pallet carriers.

7.6 Amazon Kiva Storage System

Of course, there are also meeeotic options to store your goods. Amazon uses small Kiva
robots to move material from storage to picking (see my serieBhennner Waokings of

Amazon Fulfillment Cente)s This small robot lifts a shelf and transports it to picking. The
image below shows such a shelf storage. You can clearly see that the shelves are packed in 4x4
or 4x7 groups, with onrevay access ways in between. Whiletakes a bit more time to
maneuver a shelf from the inside of a group, it allows for a much higher storage density. |
believe that this system has quite a bit of potential, both for high storage density and low labor
cost retrieval, and | know of at statwo Chinese knoekffs using such a method.

Figure 84: Amazon Kiva Floor Overview (Image Amazon with permission)

This has been a brief overview of the different ways to store inventdnmnissed one, please

let me know. For bulk material you also have other options like making a pile or storing it in
silos or tanks. Depending on which storage you have, there are also different ways to manage
such inventories (see for example my posieseonmilk rung). | also have a whole series with
twelve ways to create space around your asserrbimy next post | will look atvhere exactly

to store your items. Nowo out, set up your storage, and organize your industry!
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Figure 85. Messy Warehouse (Image Christin Michaud in public domain)

There are even more storage options. Continuing from my last post, | will show you some more
options to store your material. This post is with much thank3utm Carlos Vielfor the
detailed suggestiohs

8.1 Vertical Lift

Figure 86: Vertical Lift Storage (Image Roser)

The first is a vertical lift, sometimes also called an Inlift. This is somewhat similar to a shelf,
but with an automated addiandretrieving system that retrieve®t only one part, but an

entire level of a shelf. Often, an employee then picks the desired item from the presented tray
of the shelf and then sends the tray back afterward.

This is a commonly used solution for small parts. Obviously, it is less comrtiobwlky parts,
since you have to move all material on a level of the shelf. Heavy items would require a stronger
and hence more expensive moving mechanism.
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Figure 87: Vertical Lift Storage Example (Image Kecko SHBZ Erstfeldunder the CEBY-
SA 2.0 license)

Here is an image of such a storage tower used at the maintenance and intervention center for
the Gotthard Base Tunnel, the longest railway and detjpdfat tunnel in the world. To keep

track of the locations and teduce search time, the different slots in a tray are labeled and also
given a barcode. Every time a part is added or removed, the corresponding tray slot has to be
scanned. In my experience, it works *most* of the time, but be prepared to occasionally go
through all shelves and search what you have missed.

8.2 Carousel

Figure 88. Carousel Storage (Image Roser)

A less commonly used option is a carousel. The material moves around in a circular loop. This
loop can be atrue circle, amaded square, or any other shape. The loop can be horizontal (more
common) or vertical. The material can hang from the loop, or it can be placed on shelves
attached to the loop.
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Figure 89: Spinner Rack in Bookstore (Image unkn@withor in public domain)

Probably the easiest example is a spinner rack, a simple shelf that can rotate. You frequently
find these in retail, often for books or postcards. To browse through, you simply rotate the shelf.
Similar but slightly larger shelvese sometimes found in offices to store filing folders.

The advantage is that it has the potential to use the storage space well. You do not need to keep
internal space free for moving your items around. You only need to have an access slot
somewhere wheryou can access the one part that is at this slot. It is also mechanically simple.
Rather than a complex system of different powered axes like the vertical lift, you simply have

a chain going round and a motor somewhere to power this chain. If you sib il oneaxis

storage system.

The big disadvantage of this method is that you have to move ALL material if you want to
access an item. Hence this usually does not work well for heavy or bulky items. Nevertheless,
it is used not only in retail but alsmmetimes in industry. Below are two examples, a vertical
carousel loop for tool storage at a milling machine, and a horizontal loop in a dry cleaners shop.
It is also common in hospitals with medical supplies, which are also usually lightweight.

/

Figure 90: Automatic Tool Chaner (ImageGaspafiniMBder the CE&BY-SA 4.0 license)
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Figure 91: Dry Cleaner Rack (Image Simon Law under the YSSA 2.0 license)
8.3 Drive-In, Drive -Through

Figure 92: Drive In Storage (Image Roser)

Another option is driven storage and drivéhrough storage. In this type of storage, there is no
access path into the storage. Hence it allows for the highest density packing. However, it also
means that acceisg the material is cumbersome. Within one row it is recommended to have
only one type of material, as otherwise the need to shift things around to access something in
the back becomes prohibitive. Hence this is most often used for items that needa@de s
long term (e.g., seasonal items), very similar items (one type per row), or if space is truly at a
premium (e.g., cold storage).

To add and retrieve material, a forklift (or similar) needs to drive directly into the storage system.
This can be from e side (drivein) or from both sides (drivéhrough). The image below
illustrates drivethrough storage with access from both sides. The principle is the same for
drive-in, although you can access it only from one side. The forklift on the left want&lto a
material. He has to lift the material on the correct level, and then drive all the way into the shelf
to set the pallet down. Afterward he has to back out again. Both driving in and out are preferably
done without bumping into the shelf. A similar presen reverse happens for the removal of
material.

® ()
Figure 93: Drive Through Storage (Image Roser)

You can easily see that there are some limitations in adding and removing items. The forklift
on the left adds to the top row. He could also add to a row below, but then the added pallet
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would block access to the empty space on top. Similarly, the remfovkiidt could access the
top three rows but cannot yet remove the item on the top row, since access is blocked by material
on the rows below. Getting an item from the middle would require quite some shifting around.

Overall, drivein storage must followhe Lastin-First-Out (LIFO) principle for one row of a

level of the shelf, but with the additional complication that the material on other levels in the
same row may block access, and also vice versa, other levels could be blocked by material on
this leve of this row. For drivethrough storage, it would be the FitstFirst-Out (FIFO)
principle, again with the complication that material on other levels of the same row can block
access, and also vice versa, other levels could be blocked by materia lewehof this row.
Overall, it is a bit tricky to have a good adding and removing sequence here.

8.4 Radio Shuttle Storage

An automated variant is called the radio shuttle. In this system, every level on every row has a
small cart (a radio shuttle) that cifbhand transport a pallet along its level and row. Hence, it
can bring a pallet from the front deeper into the storage or return it. This radio shuttle can drive
underneath other material, but of course only when it is empty. A pallet on the shutté cann
move past another material on the same level of the row of the shelf. Yet, this system allows a
strict LIFO (for onesided access) or FIFO (for twgidded access) within the path of the radio
shuttle. It can also automatically move all pallets to one site by one to optimize storage
space and reduce pickup times.

Figure 94. Radio Shuttle Storage (Image Roser)

8.5 Rolling Rack and Push Back

Alternatively, you could also use gravity instead of a radio shuttle, and install a raltikg
where you add material on one side and remove it from the other. The material will, in FIFO
sequence, simply roll down the incline to the other side.

Figure 95: R-olling Rack lllustration (Image Roser)

If you have accesmnly from one side, you can still use gravity. This is called {hastk storage.

The forklift pushes the entire stack backward to make space for another pallet. Of course, here
we have the neso-hot LIFO principle, where the material in the back can gétemld. You

would also need some sort of system that indicates to the forklift driver if there is space at the
end of the rack; otherwise he will push the entire stack against the wall, potentially damaging

the goods, the shelf, or even the wall.
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Figure 96. Push Back Storage lllustration (Image Roser)

Often, such a pusback system is built with roller similarly to a rolling rack. However, since it

is LIFO, it can also be built with wheeled pallet supports within the rack. mi@isbe a bit

cheaper, since you need less rollers or wheels, making an inexpensive storage system even
cheaper. Just make sure that no matter if you use rollers, pallet carts, push back, or a rolling
UDFN WKDW \RXU SDOOHWYV GthQ;ﬂWCI@HW VWXFN LQ WKH PLC

Figure 97: Push Back Rack with Carts (Image Roser)
8.6 Autostore by Swisslog

Figure 98. Autostore Swisslog (Image Roser)

Finally, there is an automated approach cafletbstore by a company named Swissl®be
approach looks neat. Small robots drive around on top afstouage, and add/remove boxes
from stacks of boxes. Naturally, a stack of boxes uses a LIFO principle, and to get a box at the
bottom the robots have to do some shifting around. Less frequently used parts slowly settle to
the bottom of the pile, while me frequently used ones end up being more towards the top.
Conceptually this is very similar to the loading and unloading of container ships, except the
boxes are much smaller with Autostore.
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Figure 99: Container Ship Loading (lage Alexander Bobrov in public domain)

This system also has quite a good packing density, and also works well with unusual floor plans
and obstructions like pillars (you just have a pillar where a stack of boxes would be). To
improve performance you woukimply add more robots on top. Below is a short video by
Swisslog showing and explaining their Autostore.

The Video byFood Supply ChainFRP LV DY DL O D E O NutBs@re<®uisFI0gEIHWD V 3
https://youtu.be/{jXM7D34up5c

These are even more options on how to store your material. Hopefully one of these methods
can help you. Again many thanks ioan Carlos Vieldor the detailed suggestions! Npgo
out, have a look at your inventory, and organize your industry!
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Christoph Roser, February 25, 2020 Original at
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"""

L e \ i - -
Figure 100 Hospital Supermarket (Image Roser)
In my last post | looked at different ways to store material. This post is a continuation, looking
at where to put materials. | want to give an overview of the different options to help you choose
one that is suitable for yowituation. This first post looks at storage with fixed locations, and
why this is usually not so hot.

9.1 Goals

Figure 101 Archery Target with Arrows (Image Casito under theeBESA 3.0 license)

Usually, any kind of storage unit $idhree main parameters of interest. Depending on your
storage approach, different methods may have different-tffglerhe three main KPI are:

x Retrieving and Storing Cost How much cost is needed to get material in and out of
storage. Often, the costiiatrieving and the effort in storing is similar, except that smaller
guantities are retrieved but more frequently. Storing larger quantities may require lifting
equipment (forklift, pallet lift, etc.), whereas retrieving may be possible by hand. Storing
and retrieving may also be on different sides for rolling ra€Kscourse, the goal is to
reduce the cost.

X Increase Retrieving and Storing FrequencyHow much time is needed to store and
retrieve an item. Or, how many items can you get per hour. Thimisdédo the cost, since
you can easily increase the frequency by adding more workers or equipment. The goal here
is to get the maximum number of items for a given number of workers or a given set of
equipment. The main factor here is the distance trayefetrieving.

X Space UsageHow efficiently can you use the space (i.e., how much material can you fit
into the storage). Do not fall for the fallacy that you can use 100% of your storage space.
You always need a few empty spots to add material befardagee retrieved other
material. Assigning fixed locations to your material usually is a much worse usage of space
than having no fixed location.
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9.2 Fixed Location

Figure 102 Labeled Drawers (Image j(_)rge Royan—under theBXYSSA 30 license)

One of the main decisions for your storage strategies is if youfhaeklocationsfor your

items or not. The storage spaces are reserved for certain items, and you must not put any other
item in these spaces. In effect, every storage slot is assigned to one part type, and cannot hold
another part type.

The advantage is that it is eadie find items without the help of a computer. Since the location

for each item type is fixed, you can easily write this on paper. The shelf can be labeled with the
item type and not just the slot number, and workers will soon remember which item is where
Overall, it reduces the effort needed to find out where an item is, since it is always at the same
slot.

On the other hand, it significantly decreases your utilization of available space. You need
enough storage slots assigned to each item type tott@meraximum storage need. This means
most of the time you have empty slots that you cannot use for other items. Overall, you need
much more storage space than if you have no fixed locations.

9.2.1 Example Calculation of Fixed Location

/IHW{V ORRN G HHits$, hive stad witiRfixdbdKdcations. Assume you havenegrage

storage need assigned for one product =f10. If you now build storage for exactly 10 parts,

you will be almost always out of space, because your storage needs fluctuate! For mathematica
VLPSOLFLW\ OHWYV DVVXPH D QRUPDO 16fl50%Vvdftheerieédhl. RQ Z LV
or 1= 50 parts. If your inventory has only 10 spaces, then this will be sufficient only 50% of

the time, but surely this is not good enough for you.

Normal Distribution

Percentile 50% 80% 90% 95% 99% 99.9%
Figure 103 Normal Distribution and Percentiles (Image Roser)

If you want your inventory to be good enough 80% of the time (still not really impressive), you
would need to add 0.84 standard deviations (i.e., you would need space faisL4Tpa more
fluctuations you want to cover, the more storage space you need. Unfortunately, this is not
linear, and for higher values the required storage increases drastically. A 100% availability
would require infinite storage space. Even only 99% ld/anore than double your needed
inventory space to 22 slots.
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Figure 104 Storage Capacity Need Diagram (Image Roser)

%HIRUH \RX ZRUU\ DERXW WKLV 3LQILQLW\" WRR PXFK UHI
GLIIHUHQW GLVWULEXWLRQV DQG GXH WR WKH OLPLWYV RI
space. On top of that, you can also counteract and sell mgoai @re lucky), order less (if you

FDQ RU VLPSO\ UHQW PRUH VWRUDJH VSDFH LI \RX FDQYV
GRQYW KDYH WR ZRUU\ DERXW 3LQILQLW\ " \RX VWLOO FHUW
storage need to cover fduétuations.

/[HW{V DVVXPH D PRUH UHDOLVWLF UHOLDELOLW\ RI ,Q V
to this part. If you now have 1000 identical part types, all with a mean storage demand of 10

and a standard deviation of 5, then you would ned®® 1ines these 18 slots or storage space

of around 18,000.

9.2.2 Example Calculation of NOT Fixed Location

+RZHYHU WKLV ORRNV YHU\ GLITHUHQW LI \RX GRQYW KDYF
this case, an excessive demand by one part may be offagbbser demand by another part.
/IHWYV VWLFN ZLWK RXU H[DPSOH RI SDUWV HDFK KDYLC
of 5 parts. The combined mean of all part types will still be 2000*10 = 10,000 parts. However,
the standard deviatiodis calcuated differently as shown below:
a
aLi 84
4@b
and
o a
éL I és
a@b
Hence, the combined standard deviation of 1000 parts Wttb is not 1000 x 5 = 5000 but
only 158.

6L ¥srrr®f L 4wrrrL swz

Hence our mean storage need of 10,000 parts has a standard dedfiadidp 158 parts.
Calculating the storage quantity that covers 95% of all cases, we need only 10,260 parts.
Compare this with the 18,000 parts that we would have needed for a fixed storage location.

Below is the overview of our example. Theayis showshow much inventory you need to

cover a certain percentage of the parts. Taig shows how many different part types we
have. The total average inventory needed is always 10,000 parts, and the standard deviation of
the fluctuations is always half of tleean value (if you change this, you still get a very similar
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image). The top horizontal lines are for fixed locations. It does not matter if you have 10,000
of one part type or 10 each for 1000 part types, you always need the same inventory for the
same rquired percentile we want to cover.

Figure 105 Coverage Fixed Not Fixed Inventory (Image Roser)

It is different, however, if the items do not have fixed locations. In this case only one part with
10,000 items is identical to thixed locations. The more we increase the number of different
part types, the lower our inventory requirement gets, approaching the sum of the means of
10,000 storage slots.

9.2.3 Caveat of the Theoretical Model

2

=
Figure 106 Critical Person (Image OpenClipaifectors in public domain)

It looks like you can save almost all the excess space to cover for inventory fluctuations if you
do not use fixed locations. That almost sounds too good to be true.

Well, it is too good to be true. Firdhis is a simple mathematical model, with quite a few
assumptions. The randomness of the fluctuations in your case is probably not normally
GLVWULEXWHG IRU RQH WKLQJ EHFDXVH WKH ERXQGDULHV

not have negative uentories.

Second, we assumed that these variables are independent of each other. In reality, however, the
inventory level of one part is frequently dependent on another part. For example, if it is high
season, you probably have more of everything thammenlow season. Hence, your storage
requirements without fixed locations are probably a lot higher than my theoretical model.
However, it will be still much lower than with fixed locations. How much? That depends on a

lot of things, and is hard to calcudaflust try it out.

9.3 When to Use Fixed Locations

So, when should you use fixed locations? Well, it is easier to answer when not to. If your storage
space is tight and you are constantly running out of space, then you should avoid assigning
fixed locations ér your part. Similarly, if you produce on order and frequently have many
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FXVWRP SDUWV LQ \RXU LQYHQWRU\ WKHQ LW PDNHV QR VH
slot.

+RZHYHU LI \RX KDYH SOHQW\ RI VWRUDJHusidghHtay , ZRXO
be an option if you have plenty of space, items with higher quantities, and a cumbersome system

of tracking parts (i.e., if you use paper to write down which part is where, then any change is a

lot of effort with a risk of mistakes). THess you change your locations, the easier it may be

for you. Similar applies if you still manage your locations in Excel.

Overall, fixed storage locations are usually not so hot. There are some uses in mixed systems,
however. | will discuss mixed and oth®y/stems irmy next post. Until then, stay tuned, and
goout and organize your industry!
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Christoph Roser, March 3, 2020 Original at
https://www.allaboutlean.com/stora®trategiesrandonichaoticabc/

Figure 107. Amazon Manual Stage (Image Alvaro Ibafiez under thé8€Q.0 license)

In my last post | looked at the disadvantages of fixed location storage. Usually much better is
random chaotic storage. This is, for example, the preferred method of Amazoappituach

makes best use of the available space and generates less mistakes. When Amazon started using
this, they reportedly were able to store twice as many items in the same space as as before.

10,1 5DQGRP &KDRWLF « OHDQLQJ WKH &0ORVHVW 2QF
Operator

Figure 108 Pile of Dice (Image Roser)

The complete opposite of fixed location is a random chaotic storage. Any item can be anywhere.
7KLY VRXQGV HDV\ GRHVQIW LW" :HOO WKH FK@@2OHQJH L
forget Excel sheets. Now you definitely need a dedicated inventory management software. On

the plus side, this random chaotic storage makes much better use of your space than fixed
location storage, as | explained in my last post. Also, the sandypar may be stored in

different locations. This may go against your sense of order, but is part of the method.

Figure109 &ORVHVW IUHH V O RRArklifMn DRdRaBorH Ih&g% Katarzyna
Kobiljak in public domain)

Of course, it is usually not truly random. | do not know of any system where a computer uses a
random number generator to assign a truly random slot in the warehouse. What random chaotic
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usually means is that the worker who places the item in storagetipckpot. Hence, random
chaotic actually is the closest free spot the operator can find. That is okay. Even better, that is
actually good. Random chaotic reduces the walking distance of the operator who places the
items. If the operator can pick the sgben you also avoid problems if the spot is already taken.

If a computer assigns a spot, then every now and then, due to errors, the spot may be already
taken by something that should not be there.

Figure 110 Scanning at Amazafimage Amazon with permission)

Just make sure the operator correctly records the location and quantity of the items, preferably
digitally with a scanner or a similar mistageoof device. Ideally there should be three quick

tasks for the operator: scaretiitem, scan the location, and place it in the location. Random
chaotic has quite a few benefits, and is often considered a good inventory management approach.

X Space is used much more efficiently

X Storage is quicker, since the operator has to walk less

X Thelearning curve is faster, since workers do not need to memorize locations

x No disruptions due to an alreathken spot

x If the products are truly mixed, then you will have less picking errors. If you store your
M10 screws right next to your M12 screws, saamelater someone is going to pick the
wrong screws.

Figure 111 Wherever he finds a slot at AmaZémage Amazon with permission)

On the downside, it requires a good computerized inventory management system. If the system
isdoZQ VR LV \RXU IDFWRU\ VLQFH \RX ZRQTW EH ILQGLQJ I
you need more than one part of the same type, you may have to walk to different locations until

you have gathered enough of these parts (Thank&doel Baudinfor the Suggestion!). But
performance wise, this approach is very good. This is also the systernon uses for its

fulfillment centers

10.2 Individually Ass igned Location

Having individually assigned location is a whole group of storage strategies. You do not have
a fixed location that does not change, and neither does the operator decide the location for you
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as in random chaotic storage. Instead, some $afgorithm decides on a cabg-case basis

which part is stored where. The stowing operator is informed where he has to place the item.
The advantage is that the inventory locations can be optimized more, but the operator now has
to search for the corretdcation, which takes time and introduces more potential for errors.
The best known approach is probably ABC storage.

Figure112 1R UDQGRP VH DRDinag&ty yamib pubkc domain)
10.3 ABC Storage

Figure 113 ABC blocks (Image Yuliya Shustikh permission)

ABC storage is a structured approach where the items to be stowed are assigned individual
locations. You group your items into, typically, three categories. The A parts anedeonost
frequently. The B parts are required less frequently. Finally, the C parts are tHeclgashtly
retrieved items. Often, A parts are 80% of all retrievals, B parts are 15%, and C parts are the
last 5% of all retrievals. As per the Pareto piphe, 80% of all retrievals are about 20% of all
parts in storage, whereas the remaining 20% of all retrievals are roughly 80% of the items.

The idea is to put the A parts in an easyaccess location, the C parts in the fartfaasay
locations in the bek, and the B parts somewhere in between. Then the worker or device that
retrieves the items has to walk less, since the most frequent items are nearest to the point of
demand.

Here, too, you can have variants. Generally, ABC sorting is by the frequeratyi@fals, since

you usually stow large batches and then retrieve multiple times in smaller batches. However, if
your system stores more frequently than it retrieves (i.e., smaller outputs are added to a bigger
batch, which is then shipped) you may doytthe frequency of storage operations. You can
also imagine a combined value of both storing and retrieving, which should give you a good
compromise.

Other criteria may be a bit more cumbersome but also possible. For example, you may opt to
store large oheavy items in the front, rather than navigating through a maze of shelves.

Typically, three categories in ABC are used. However, feel free to use only two if you like; the
UHVXOW ZRQTW EH WRR PXFK GLIITHUHQW <RrAdER XI@G DOVR
computer determines the retrieval (and/or storage) frequency, and then calculates how deep in
the warehouse it should be stored. The computer then picks the closest free location, giving you

a smidge more performance, but it will keep a progrer busy for a bit.
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You could even go a bit further and consider which parts are used where. If you have one
production line on one side of the warehouse, and another on the other side, you may have
separate ABC categories for the different lines. Thesgagquently needed by a line are stored
closer to that line than to the other line that does not need them. But, while this sounds cool in
theory, please be aware that this will be very tough to implement and debug, giving your shop
floor people a lot oheadaches while the computer guys try to figure out all the bugs. Even with
computers, it may be best to keep it simple.

The advantage of this approach is that it tries to reduce the time needed for stowing (and
retrieving), allowing more stowing (and rietving) operations in a given time. It also uses the
space quite well. It does, however, require a dedicated computer system. If the system is down,
your factory is down.

In my next post | will look a bit at combinations and variations of fixed locatgmom chaotic,
and individually assigned locations. Until then, stay tuned, gm@ut and organize your
industry!
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Christoph Roser, March 10, 2020 Original at
https://www.allaboutlean.com/storastrategiesmixedsystems/

Figure 114 Metal Prdile Storage Shelf (Image Tech. Sgt. Ave I. Young in public domain)

In my last two posts | showed you fixed location storage and its disadvantages, random chaotic,
and ABC storage. But there is more. Another option is some sort of combination of fixed
locaion, random chaotic, and ABC storagdd WV ORRN DW VRPH RI WKH YDUL|

11.1 Mix of Fixed Location and Not Fixed Location

Figure 115 Sorted and Unsorted (Image Artheaih permission)

Having some of your parts in a fixed locatihile others are either random chaotic (i.e., the

closest slot to the stocking operator) or ABC is actually not too uncommon. For your most
common parts, you may select a fixed location so operators can find them easier. These may
also be in a location #h is easier to access. Just make sure that only your most common parts

are in a fixed location. If you assign a fixed location to too many part types, your space usage

will go down. You could do this mixed approach if the benefit of remembering theoloeartd

finding it quicker is worth the extra storage space needed. Resist the temptation to do this
EHFDXVH LW PD\ ORRN QHDW DQG RUGHUO\ ,I \RX GR LW RC

11.2 Group Part Families

Another option is to cluster parts pgrt family. This could be done with fixed locations, but
also with a variant of chaotic location or ABC storage. The basic idea is to group certain parts
together and store them close to each other.
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Figure 116 Looks nice but isX V H O Kndage Bill Ebbesennder the CEBY-SA 3.0 license)

You may think it looks neat if your peas are sorted by size, and it certainly looks neat, but if
this is your motive, then it is probably useless, or even w@rseiot arrange similar items

next to each other just so they look goodlf you have similar parts close to each other, then
despite the visual appeal, you introduce errors. The operator picking the items may make more
mistakes because the part he wants looks almost identical to thmexyiai it.

Figure 117.Often seen togeth¢Drive Medvedev under the CBY-SA 3.0 licensediscsID,
modifiedby Roser under the €BY-SA 4.0 license)

Storing items by part family makes sense only in a different aspect. If you have frequent item
requests that include the same two (or more) part types, then you may choose to store these
items close to each other to reduce walking distance. To give y(utttated) example, if a
FXVWRPHU EX\V D " IORSS\ GLVN GULYH KH SUREDEO\ ZL(
you store your floppy discs close to the floppy drives, the picker may have to walk less. There

is the added bonus that the two itemskialifferent and there is little chance of mixing them

up. The traditional example here would be a library or a bookshop. You want to htreer¢he

booksnext to other travel booksyime next to other crimesciencenext to science, angen
paranormalromance« SUREDEO\ LQ WKH WUDVK FDQ « EXW WKDW LV

Figure 118 Bookstore Shelf (Image Alexandre Boue under thaB&SA 4.0 license)

Hence, storing by part families may make sense not for the visual appealtHeup#rts are
commonly retrieved together. But please do not underestimate the effort to set up such a system
and maintain it. While you may save 5m walking for an operator every now and then, you create
hours of extra work for your system maintenancesgQyten it is not worth the effort.

11.3 Multiple Locations for Easy Access

Another variant both for fixed and not fixed locations could have the same items in different
sections of the storage. This would happen automatically in random chaotic storage. For
individually assigned locations, this would be part of the algorithm.
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Figure 119 Box of Tissues (Image annajpublic domain)

If you would need to pick this item, you would walk to the closest one. Hence it reduces walking
distarce. If you have an automated system, a breakdown of one row of the retrieval system will

not stop your production, since you can get the part from another storage row in the meantime.

It is like pens or tissues at my home. You can find a pen or a bessoés in almost any room
VRPHZKHUH VLQFH , GRQTW ZDQW WR ZDON WKURXJK P\ HQ

11.4 Which One Is Best?

Figure120 +RZ WR VWRODHHWhjbee Ju h\ ZLWK SHUPLVVLR

Overall, there is again a magrde! of different options how you can stow your material. As
always, the answer is that it depends on your system. Across your factory you probably have a
combination of different systems.

Some articles claim theandom chaoticis pretty good, and indeedst But it is not a universal
solution for everything. Random chaotic is good if you have a large quantity of widely different
materials to store, but it requires a good (meaning probiee) digital inventory management
system. It is the system of cheifor Amazon.

Fixed location storage is good only for items that you use frequently. It should be only a very
small number of items, because if the employees can no longer remember the location, the
advantage vanishes. It is also your system of choiceuifsfill manage your inventory using

Excel or paper, since it has the least effort in updating the material database. However, if this
is your reason, you should consider investing in an inventory management system for anything
larger than a garage shop.

Individually assigned locationsare hard to judge. It all depends on the algorithm behind it that
assigns the locations. You can explore this, but beware of the complexity. It is easy to imagine
more and more criteria that determine your location, onlyHesystem to never work reliably
GHVSLWH GUDLQLQJ \RXU VRIWZDUH EXGJHW $ VLPSOH $%é
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Figure121 *UL G O R FIM&fi&Rgoogin under the CBY-SA 3.0 license)

Of course, this is also subjeict other requirements. Large items go into large storage slots,
small items into small ones, refrigerated ones into cold storage, and so on. You should also be
aware that if your inventory approaches 100% full, it becomes more and more gridlocked, just
like road traffic. No matter if you have random locations or assigned locations, the walking
distances of the stower become longer and longer. A general rule of thumb is that systems work
well if they are no more than 80% full. And 90% is also eisly But Ihave had tours through
warehouses that were 98% full and the manager proudly told me about their ABC storage
VI\VWHP 1R $%& GRHVQTW ZRUN LI \RX DUH IXOO

Anyway, this concludes my small series on where to store your material. | hope this gave you
ingpiration for your own industry. And please, stop using Excel for inventory management!
Now go out, manage your inventory, and organize your industry!
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Figure 122 Empty Toilet Paper Shelf Australia (Image Kgbaler the CEBY-SA 4.0
license)

If you have been shopping lately, you may have noticed that due to the Corona virus crisis, your
store is running short on some items like toilet paper, hand sanitizer, pastagther
consumables with a longer shelf life. Even my rgotr supermarket has been hit by the panic
buying.

Since my semester just got postponed by four weeks for the same reason, | have lots of time to
write and would like to dig deeper into the stiaa of the toiletpaper supply chain.

Update 13.04: The purchasing of the consumers continued to outstrip the supply chain. Over
weeks the demand was 150% or more of the usual, and only now toilet paper is slowly returning
to the stores. While the processdescribed below are still correct, | am surprised about the
duration ofthe demand peak!

12.1 The Usual Situation

Figure 123 White toilet bowl (Image unknown author in public domain)

Many products have seasonal demand variatibos.example, people eat more ice cream in

the summer than in the winter. Toilet paper does not. No matter what time of the year, actual
consumption of toilet paper is pretty constant. The consumption of toilet paper changes usually
only with the growth othe population.

,W LV DQ LPSRUWDQW SURGXFW ZLWK DURXQG % ELOOLR
paper is consumed depends, for one thing, on the country and its culture. On one end, the
average American consumes around 25 kilogram of hygiene papegear (which includes

also tissues, paper towels, and other similar products). On the other end, the average Indian
consumesnly 123 gram®f hygiene paper per year.
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Figure 124 Toilet Sign (Image Roser)

The consumption is also very different by gender. The average pmssames 140 rolls per

year in the USA, and less in other countries, or around 12 per month. This seems to differ
significantly between the sexes, and women consume quite a bit more toilet paper. While hard
data is difficult to come by, anecdotal evidereeges from twice to ten times more. For women

the cleaning procedure is more frequent, theegtcleaned area is larger and has a more complex
JHRPHWU\ DQG ZRPHQ DOVR « RIWHQ KDYH D KLJKHU VWDQ
ever had to disposd a menstrual pad, which also consumes more toilet paper.

Figure125 $YDWDU 37UHH RI1 6R X@age Eekenddldy Seusdunder Qe
CC-BY-SA 2.0 license)

Hence, usually there are few changes in the consumption ef pmber. Even a diarrhea
epidemic makes only a small bump in the consumption of toilet paper. The same goes for new
$YDWDU ILOPV ZKHQTide ¢f SollH R U W B ¥ ihBd/3<BHYuihg toilet paper.

Hence, it is usually easy to establishllpalong the toiletpaper supply chain. The fewer
fluctuations you have along your supply chain, the easier it is to manage the supply chain. In
normal times, the demand is rather constant and has few fluctuations. There still needs to be
buffers due to fictuations in the supply, but the system is set up for a constant and hence cheap
production output.

12.2 The Toilet -Paper Supply Chain

/IHW{V KDYH D ORRN-papér sDpplly tBdirt- Dedy Splilfi€iHawd ignoring the
material supply for the manufactur it starts from toilepaper manufacturing. The distribution
system brings it from the manufacturer to the wholesaler, and from there onward to a
supermarket. There it is bought by you and brought home into a (usually) small stockpile before
it becomesvery familiar with your body, after which nobody wants it anymore and it is
discarded.

Figure 126 Toilet Paper Supply Chain (Image Roser)
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12.2.1 Toilet -Paper Manufacturing

Figure 127. Toilet Paper Manufactunig (Image PicsFivavith permission)

Toilet paper is one of the cheapest goods by volume that you can find in a supermarket. Hence
it makes little sense to produce it abroad, and most regions have one or more local manufacturer
nearby that provide the stuff

These manufacturers operate close to their usual output. A paper machine is a rather expensive
product, and manufacturers try to run it around the clock anyway. Hence, there is not much
option to increase capacity. There may be an idle plant that géies, @r maintenance can

(not necessarily should) be reduced. Overall, production is increased very little. And, as we see
later, it should not be. If they put in a lot of effort now to increase capacity, they would have to
put in a similar effort later toeduce capacity, sindbe overall demand does not change!

If you suddenly sell more ice cream, it is safe to assume that people eat more ice cream, which
is good for the iceeream maker. If you suddenly sell more toilet paper, it is safe to assume that
people dANOT use more toilet paper, they just increase tsteickpile. This is not good for the
toilet-paper maker, as this creates an artificial demand fluctuation and can lead to the bullwhip
effect. Besides, the problem with the empty shelves in supermarkets does not stem from the
manufacturer, but the otherrp@ the supply chain.

12.2.2 Toilet -Paper Warehouse

From the manufacturer, the toilet paper is brought to different wholesale warehouses. These are
usually multiple trucks per day departing from a manufacturer.

And these warehouses are full. They have aboufoReQW KV ZRUWK RI WRLOHW SD
Below is a video of a Dutch worker in a toHledper warehouse, making fun of the panic buying,

and his colleagues also think it is ridiculous. He does like the panic buying, however, since he
makes nice moneyavking overtime.

The Videobyf PLY DYDLODEOH RQ <RX7XEH DV 30HDQZKLOH DW W
https://youtu.be/wA4KS546rZo

12.2.3 Toilet -Paper Supermarket

So why is there no toilet paper restocked in shpermarket? The problem is the shipping
between the warehouse and the supermarket. For products in high demand or which spoil
quickly, a truck may come every day. Toilet paper and pasta are usually not such a high demand,
DQG WKH\ GRQ {WtherSiehe@, makyDswpetbavikats Have a truck for toilet paper
RQO\ HYHU\ IHZ GD\V 7KLV PHDQV WKDW LI WKHUH LV D UXQ
but two or three days later. In short, the pull system between the warehouse and the supermarke

is set up for much smaller demand swings, and is currently overwhelmed by the sudden and
often irrational demand swings.

Below are the toilepaper chronicles of my nearby supermarket. On Monday, March 9, |
noticed emptying shelves for the first time.wver, products were arriving, and the shelves
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were only slightly below average on March 13. Yet on Saturday, the traditional German
shopping day, the hordes bought it all, and the shelves were bare. Even so, | am confident that
the shelves will be restoel shorty.

Figure 128 Rewe March 2020 Toilet Paper History (Image Roser)

Supermarkets are of course reacting. Based on the current rush on toilet paper, they will
probably increase both the size and the frequency of the ortiléharcrisis has passed and the
situation is back to normal. This means means more need for truckers and for workers in the
supermarket to restock the shelves. In Germany, trucks are usually not allowed to drive on
weekends, but there is a temporary tagjon in most German states that permit trucks on
weekends for toilet paper, pasta, and other dry goods to alleviate the perceived shortage. Some
stores also limited the number of items per customer to ensure people that really need it still got
a roll. Another option would be increasing the price to adjust supply and demand, but luckily
this seems to have been done only sparingly. It may be more of a challenge to redirect foods
packaged for restaurant use towards supermarkets, as this may need qurensgamgzation

of the supply chain.

12.2.4 Toilet Paper at Home

The toilet paper sells out because of hoarding. Some customers are in a panic mode and buy
excessive amounts of toilet paper. If a few people buy more, the stock in the supermarket will
runout. TheH DUH UHSRUWY RI SHRSOH EX\LQJ IRXU KXQGUHG U
IRU D IDPLO\ RI IRXU RU HYHQ DOO WKH WRLOHW SDSHU
interview with a guy that did the same thing with hand sanitizer. Since An@ad@ad his

listings for price gauging ($70 for a bottle of hand sanitizer that costs usually around $3), he
QRZ KDV ERWWOHYV LQ KLV JDUDJH DQG GRHVQYW NQR?:

Figure 129 Empty toilet paper roll (Image Ra3e

:KLOH VRPH KDYH zZzD\ WRR PXFK RWKHUV ZKR ZDQWHG WR
running out of toilet paper. In effect we have the opposite of leveling. Some have a huge
LOQYHQWRU\ « ZKLFK WKH\ ZRQTW FRQVXPH DrQard mnavvgH U W KD
out.

12.3 On Pasta

The situation with pasta is similar. Below are my chronicles of pasta in my closest supermarket.
Did | mention that | have time due to the semester being postponed by four weeks? Anyway, |
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noticed less pasta first on March Qutl was all restocked one day later. The Monday afterward,
they even managed to bring in an extra pallet due to excess demand. This inventory lasted till
Friday. On Saturday the crisis was at full swing, and the shelves were bare. Even the unpopular
dinkel wheat pasta was completely gone, although they still had Cannelloni and German soup
noodles. But this shortage is only temporary, since the supply is not as frequent as the current
demand, and | am sure the shelves will be filled again soon.

Figure 130 Rewe March 2020 Pasta History (Image Roser)

The situation is different, however, with hand sanitizers and face masks. These are indeed out
of stock, as the demand currently far exceeds the supply.

12.4 Summary

Figure 131 Toilet Paper Store (Image Ville Saavuori under the BY=SA 2.0 license)

However, with toilet paper and pasta, you will be fine (soon). Even though you will see lots of
LPDJHV RI HPSW\ VKHOYHV GRQTW ZR UdthomeQRupplyWillR X DU I
come soon (unless of course you live in the United Kingdom. In this case consider the current
situation just an introductory course to Brexit). The current demand spike just overwhelms the

last leg from the warehouse to the supermarke

Besides, other stores may have toilet paper in stock, it is just not newsworthy to post images of
full shelves at the supermarket. Such panic buying happens every now and then, as for example
during Hurricane Catharina. Or even for no reason at allpuwh&973 there were some rumors

of a toilet paper shortage. People believed it, went shopping, and made the rumor come true.
But, be nice to the staff at the supermarket, they are having a tough job right now with lots of
work restocking the shelves, andhappy, worriegtustomers.
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Also, imagine the inconvenience of having no toilet paper compared to havioget at all!

This will happen if you flush kitchen towels or other substitutes down the toilet. It will clog up
your pipes, angiour loo willbecome a poop fountaitf you must use kitchen towels, put them

in a trash bag after use but not into the toilet itself.

7KLY GRHVQTW PHDQ QRW WR VWRFNSLOHrec@heniPiind) LFD Q
weeks of food and supply at hoteeprepare for a disaster. For a family of four, this would be

twenty rolls of toilet paper. There is a wh&eeppercommunity preparing for the end of the

world. But if you go down this rabbit hole, be ready to meet lots of weirdos that like guns. And,
GRQYW JR RXW EX\LQJ PRQWKY RI VXSSO\ LQ WKH VXSHUF
worse for everybody els&ow, stay home, wash your hands (do it!), and organize your

industry from your home office!
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13 $PD]RQ .LYD 6 WRUDJH 6WUDWHJILHV
Christoph Roser, March 24, 2020 Original at
https://www.allaboutlean.com/amaz&iva-storagestrategies/

Figure 132 Amazon Kiva Close up (Image Amazon with permission)

Amazon uses a pretty neat and nifty way to stsmmaterials using robots. These are commonly
known asKivas although Kiva is only the name of the company that originally invented them.
Amazon calls themAmazon Roboticsn this post | will look in detail at both the design of their
storage pods arttbw Kivas manage their inventory.

13.1 Introduction

In a recentseries of postsl described in detail how the Amazon Fulfillment Centers work.
Below is the overview of the flow of material ainformation in an Amazon Fulfillment Center.

Figure 133 Amazon Fulfillment Flow Diagram (Image Roser)

But their robots especially are a great topic. | talked a lot about Kivas in my previous series of
posts, especiallifow they work how the stowing process wotkandhow the pickilg process

works %DVLFDOO\ WKHVH URERWY OLIW DQ HQWLUH VKHOI
picking or stowing, where an item is removed or added, and then take it back to the storage area.
Below is a short video edited from the Amazon newsrohat shows the robots moving around,

and another video that shows the picking process.

The Vides by Amazon Newsroom asvailable onAllAboutLean.conat
https://www.allaboutlean.com/aall-postsfor-collectedblog-postsof-allaboutlear2020/
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13.2 Storage Strategies with Kivas

Figure 134 Kiva Max Density (Image Roser)

Looking at this made me wondeéiNhat is a good storage strategy for these podse of
$PD]JRQYVY JRDOV LV WR ILW WKH PRVW PDWHULDO LQWR WK
then they should just pack as mamdp as possible. This is illustrated as adog/n view on

the left. This has the largest capacity and utilizes 100% of the space. However, the disadvantage
LYV REYLRXV <RX FDQTW UHDOO\ JHW \RXU PDWHULDO RXW
you would do this in reality, you probably could use around 80% to 90% of the space, while

the rest you need for shifting things around. Higher percentages means more time for shifting

and vice versa.

Figure 135 Kiva Two Way Roaddrniage Roser)

6R OHWTfV ORRN DW DQRWKHU RSWLRQ 7KLV LV LQVSLUHG
material using twdane traffic. Depending on how many intersecting lanes you have, this will
utilize somewhere between 25% to 50% of the space eXample shown here with thirteen

pods between intersecting lanes has an utilization of 43% of the space.

Figure 136 Kiva One Way Roads (Image Roser)

However, most warehouses do not have-tvay traffic between the shelves. Iratiethere is

only one lane between shelves. In this case the space usage would be somewhere between 44%
and 66% depending on the number of intersecting lanes. The example shown here with an
intersecting lanevery 7 pods has a space utilization of 58%.
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If you have only a few forklifts, this would not need to be regulated. But with literally hundreds
of Kivas running around on a single warehouse floor, you probably would need to design lanes
for one direction only.

So, how does Amazon arrange their storage® answer did surprise me a bit, but look at the
screenshot from an Amazon video below.

Figure 137. Amazon Kiva Floor Overview (Image Amazon with permission)

Figure 138 Kiva Reality (Image Roser)

Amazon arranges their pods in clusters with-oarag lanes in between. The majority of these
clusters were 3x6, 3x7, 4x6, and 4x7 clusters, with an occasional supporting pillar in between.
This gives you a space use between 64% and 70%, significantly mharey @f the other
feasible options above. It does create a bit of a shuffle to get a pod out from inside the cluster,
but it seems to work. Also note that they keep the traffic lanes straight all the way through from
end to end. This is probably to alldvetter acceleration, but also to reduce the likelihood of
items falling out during a turn.

There are also clusters of 3x4 and 4x4 closer to the picking areas, and you can also find a few
2x7, 2x6, and 2x3 clusters. These look like storage pods containiregfirequently requested

parts, although Amazon claims completely random storage. Besides, you could also store more
frequently used parts at the edges of the clusters anyway. You will also find a traffic area for
the robots to move around between theagjerarea and the picking and stowing operators. In
comparison, Alibaba and their similar Quicktron robots use clusters of mostly 2x5 and 2x6,
avoiding any shuffling since every pod is directly accessible.

In sum, using these robots gives Amazon a storpgeesutilization of probably around 65%
(assuming a bit of shuffle space but excluding the traffic area toward picking). This is much
better than their manual storage options as shown below. For manual storage they probably
have a space usage of of lesantt®0%. This 5% does not sound like much, but for Amazon
with around 175 fulfillment centers, this is the equivalent of 8 fulfillment centers (although only

a few of them use robotics, and most still have manual picking and stowing).
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Figure 139 Amazon Manual Storage (Image Alvaro Ibafiez under th&€Q.0 license)

13.3 Pods Design

Amazon Kiva systems store inventory in pods. These pods are a simple metal structure with
shelves on all four sides. They have a square base of 1m by 1m (39x39 inch). This square base
makes it easier to fit them in in any directidiney are somewhere beten 180 and 240 tall

(6-8 feet).

Figure 140 Amazon Picking Process (Image Amazon USA Press Center with permission)

There are different types of pods (including some for helty items), but all of them have a
metal superstruate. Some pods have cardboard shelves, but the most common type | have
seen are actually hanging textile shelves. Yes, the shelves are hanging from the top. If you look
at the picture of the picker, you can clearly see loops at the top.

Figure 141 Kiva Pod lllustration (Image Roser)

There are usually storage options on all four sides. Two opposite sides have many small shelves
across the entire surface that are not very deep. The two other sides have deeper shelves, but
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only in the middle. The left and right parts of these sides are blocked by the shelves on the other
sides. These deeper shelves are all the same size.

The smaller shelves, however, differ in size. There are five levels that are quite low. Above and
below are a tolaf three more levels that are a bit higher. There is one more level at the bottom
that is significantly higher than any other level. If you ever had anything to do with ergonomics,
you will notice that the smallest levels are at the most ergonomic attesss no coincidence,

and Amazon placed these levels so that most interactions are at a comfortable height for the
operator. Please note that there are also different styles with a different number of compartments.

Naturally, all slots have a human @D EOH ODEHO IRU URZV $ % &« DQG
Additionally, there is a 2D code for the scanner. To prevent items from falling out, an elastic

strap is strapped across every level of the pod. This is simply clipped onto textile loops that are

part of e hanging shelf. You can see these too in the photo above.

In my next post | will show you the different types of robots that Amazon uses, and how their
latest generation of robots will give them much more flexibility. Until then, stay tunedycand
out and organize your industry!
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14 7KH $PD]JRQ 5RERWLFYV )DPLO\ .LYD 3HJDV
DQG PRUH

Christoph Roser, March 31, 2020 Original at
https://www.allaboutlean.com/amazooboticsfamily/

Figure 142 Amazon Picking Process (Image Amazon USA Press Center with permission)

You surely know this little orange robot at Amazon commonly known as Kiva, which powers
many Amazon Fulfilment Centers. Turns out, there are more robots in use at Amazon, some
for similar tasks, some for something completely different. In this post | would like to give you
an overview of all the robots at Amazon (that | know G K H U Hefast six diffeDent robots in
action.

14.1 The Original Kiva

Figure 143 Amazon Kiva Close up (Image Amazon with permission)

The original Kiva is pretty much the robot that Kiva supplied to Amazon, back then called DU
1000 for adriving unit with 2000 pounds lifting capacity. Most of you still know them as Kivas.
Since Amazon bought Kiva Systems in 2012, however, Amazon uses the name Amazon
Robotics and avoids the term Kivgeven though everybody knows them by that name.

This rolpt moves shelves (called pods) around for faster and cheaper stowing and picking. (See
my series omAmazon Fulfillment Centerfor more details). It is about 75cm long and 60 cm
wide (2.5 ly 2 feet), and fits nicely underneath a pod that measures roughly 1x1m. It is 30cm
(1 foot) high, weighs around 110kg (250 pounds) and can lift 450kg (1000 pounds). Like most
of the robots here, it has a speed of 5 km/h (3 miles per hour), or comfortdkilegnspeed.
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14.2 The Hercules

The Hercules also dates back to the original Kiva Systems development introduced in 2007.
Back then it was called DU 3000 as a driving unit with 3000 pound lifting capacity. It is
designed for heavgluty lifting. The principle isimilar to it smaller cousin, but Hercules can

lit much more weight. It is larger in all dimensions, and therefore the pods are also larger.
There are also pallgtods, which are pallets on a frame with legs for the robot to go underneath.

14.3 The Pegasus

Figure 144 Amazon Pegasus (Image Amazon with permission)

The successor to the original Kiva is named Pegasus after the mythical winged horse. It
performs the same function as the original Kiva and moves pods around. Howe\anlyitlig

cm high, 10cm less than the original Kiva. This means 10cm more space to store stuff! It can
also lift 560kg, a bit more than the old one with 450kg. And, probably most important, it has
only half the parts and is cheaper to buy!

It is unlikely that Amazon will replace all original Kivas, since this would be expensive.
However, they may use the Pegasus for new fulfilment centers. Amazon states that they
especially want to use it close to city centers. They want more fulfillment centers clogle-to hi
population densities to have more deliveries within two hours or even one hour. But being close
to a large population means everybody else wants to be there too, and competes for the site,
which drives prices up. The Pegasus helps to fit more stuffantearehouse to reduce
investment cost. A few hundred Pegasus robots are already working at ArBaioam.is a

video from the manufacturing facility that produces the Pegasus bots.

The Video bNOVA PBS OfficialLV DYDLODEOH Réetthe RabXiat MmR2Adn 3
at https://youtu.be/HSA5BHfU4

14.4 The Pegasus X -Sort Drive

Figure 145 Amazon Pegasus Sort Bot (Image Amazon with permission)

The Pegasus is also intended to be a genericftiadéferent attachments on top. One such an
attachment is the X6ort Drive, basically half a meter of conveyor belt.

This robot has a completely different purpose and does not carry pods. Instead, it is used to sort
and transport completed parcels tgpping. After labeling (called SLAM), a worker places the
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parcel on the robot. The robot knows which truck the parcel goes to and moves to the
corresponding chute. At the chute the conveyor belt simply throws the parcel into the chute.
This can be seen wenicely in the video below.

The Video byAmazon News. V DYDLODEOH RB® XRQANEGHYHYW URERWYV
jobs” Dntps://youtu.be/AMH7LSLK8Dk

The concept itself is not new, and | saw videos from Chsgiag a similar sorting technology

a few years ago. Still, it is a nice implementation. It will help Amazon become more flexible.
Rather than the tangled mess of conveyor belts that are used for sorting now, the robots allow
for much more flexibility in chnging the fulfillment center. According to Amazon it also has
halved the missorting errors.

Since this Pegasus involves even more robots moving around, Amazon had to program even
PRUH WUDIILF UXOHY DQG KDG WR FUHDWHLD GQHWIVMRE SRV

14.5 The Xanthus (Coming Soon?)

Figure 146 Amazon Robotics Xanthus Drive Base (Image Amazon with permission)

The Xanthus is the successor of the Pegasus. | am not sure where the name came from, as
Wikipedia lists at least 16 different mythical figummed Xanthus, but it is probably one of

the three horses called Xanthukhis robot was first presented at the Amazon MARS
conference in June 2019. It is alsdrive unit that can carry pods, but it also has the possibility

of using numerous different attachments. The Xanthus is much thinner, halsirdntne

number of parts, and costs half as much as the original Kiva. Since it has less parts, it is also
easer to maintain.

The Xanthus has the option of many different attachments, shown in the image below. The base
unit is in the center. To the left and right of it ardnve units, similar to the PegasusSért
drive, used for sorting parcels to differentutds.These are also called Xanthus sort bots.

Figure 147. Amazon Xanthus Attachments (Image Amazon with permission)

At the very right is a Xanthus Tote Mover. This can move the yellow boxes (called totes at
Amazon). These totes are used to move items from picking to packing, and also if needed to
multi-sort and gift wrap (check myrevious seriesn Amazonif you want to know more on

these steps). Similar to the sort bots, these can make setting up a new fulfillment center much
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easier, since you no longer need as many conveyor belts. The Xanthus orytledt ve a
movable cabinet, which they unfortunately did not go into more detail about. These robots are
not yet in use but seem to be in the late stage of development shortly before roll out.

The images above are screenshots from the Amazon Mars Kefaddev is the video, with
the presentation of the Xanthus starting at 2:37.

The Video byAmazon Newd. V DYDLODEOH RmazomRexgcdtivés' 2:WIARS
keynote Dhtips://youtu.be/fthXoS51hHA

14.6 The Robostow

Figure 148 Amazon Robotics Robostow (Image Amazon USA Press Center with permission)

JLQDOO\ D-locoRimyUdbbt @hat stays put where it was installed. The Robostow is a
typical articulated robot used to lift pallets or bexaround. These are actually not Amazon

core technology but normal thiphrty robots. The one shown here was made by Thiele and is
FDOOHG :5RERVWRZ" D VLPLODU URERW LQ %DG +HUVIHOG
3&KXFNOH %HUU\ ~ | QwésaGuallyHtheVditlyQdbotl. ¥ihce it was a manual
fulfillment center.You can find these type of robots in many fulfillment centers.

14.7 The Drone (Experimental)

Figure 149 Amazon Prime Air Drone (Image Amazon with permission)

The Amazon drone is intended to bring parcels the last mile from the fulfillment center to the
customer. They are currently able to fly up to 15 miles carrying up to 5 pounds and deliver
within 30 minutes. These drones can start and land like a helicoptdly kike a plane for

longer distances. It is at the moment just an experiment, and any videos you can find are shot
far away from any buildings for safety reasons.
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14.8 The Amazon Scout (Early Testing)

Figure 150 Amazon Scout Dekvy Robot (Image Amazon with permission)

Finally we have the Amazon Scout. Like the drone, this is used to deliver the parcels the last
mile from the fulfillment center to the customer. However, if you want to have your parcels
delivered by this cute boxowheels, you better live very close to the Amazon headquarters in
Seattle, as (at least in the beginning) an employee of Amazon walks along with it for safety
reasons. Also, | am not sure how long this box of free goodies and spare parts would survive
themoredemanding environment of Detroit. In any case, the neighborhood in the video below
surely looks nice.

The Video byAmazonLY DYDLODEOH RazoRRSCGUK BNVDV 3
https://youtu.be/peaKnkNX4vc

6 R W K D&He\best of my knowledge, these are all the robots that Amazon either uses or is
testing for potential use. Quite an impressive lineup, with surely more to come in the future.
Now, go out, think how robots can make your life easier, and organize woindustry!
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I5)LFWLRQDO ORYDHDRO$KBNVNRPRWLYH &&XOW XL
*XQJ +R
Christoph Roser, April 7, 2020 Original at
https://www.allaboutlean.com/gu#tp/

Figure 151 Michael Keaton in 200@mage Georges Biard under the BY-SA 3.0 license)

Recently | watched a few featulength movies about automotive plants America. The first one

is Gung Hq a fictional comedy from 1986aturing Michael Keaton. The movie shows a
Japanese car maker purchasing a claletin plant in the USA, and lots of cultural clashes that
threaten to close down the plant again. While not Academy Awarthy, it offers insights

into the cultural differaces between Japanese and US Industry, although often exaggerated on
both sides for comical effect.

15.1 Gung Ho

Figure 152 Gedde Watanabe 30 years lafinage Rob DiCaterino under the €&Y 2.0
license)

Gung Hois a 1996 comedy film by Paramount Pictures. The automotive plant in a fictitious

town xHadleyville, Pennsylvaniatclosed, and the foreman, Hunt Stephenson (played by
Michael Keaton), flies to Japan to convince the fictitious Japanese automotive coAgsary
ORWRUV WR WDNH RYHU WKH SODQW 7KHUH KH PHHWYV Kl
played by Gedde Watanabe.

Cultural clashes threaten to close the plant again, but eventually the two sides prevail and the
plant and the economy of the towre saved. They used the Fiat plant in Cordoba, Argentina,
for the scenes inside the plant, producing Fiat Regata veltigeger Alert!

As it is a comedy movie, thailtural stereotypes are wildly exaggeratedThe Americans talk

like a waterfall witheXD JJHUDWHG VODQJ DQG FUXGH MRNHV ZKHUHI
DQ\WWKLQJ 7KH 3ERRW FDPS IRU IDLOHG PDQDJHUV™ LQ -DS
something that | do not expect to see in reality.

Neverthelessit does contain some truths Toyota Motors even used this film as a training
video for their employees who were sent to Ameri@s an example on what NOT to do. For
example, Japanese work does indeed often begin with calisthenics, which is a hard sell to the
American workerOverall,three contrasts stuck out to me:
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15.2 The Individual vs. the Collective

Figure 153 The Fiat Regata is assembled in the m@hvieage Riley under the CBY 2.0
license)

Japan as a society puts a much higher focus on the group thadividual. In America, it is

RIWHQ vDLG WKDW 3HYHU\ERG\ LV VSHFLDO ~ ,Q WKH PRYLH
S(YHU\ERG\ WKLQNV WKH\ DUH VSHFLDO QRERG\ ZDQWYV WR
SHUVRQDOL]HG OLFHQVH SODWHYV ~

15.3 Priority of Work vs. Family

Figure 154 Filming location Fiat Plant in Cordobat30 years late{Image Prensa Obrera
under the CEBY 2.5 license)

Another recurring aspect is the priority of family over work in the USA, and reuedapan.

KHQ +XQW .HDWRQ DVNV KLV -DSDQHVH ERVV KRZ KLV IDF
QRW DVN ~ SOD\LQJ RQ WKH ODFN RI FRPPXQLFDWLRQ DQC
Similarly, when the Japanese wife asks her husband to help &ssemble a bicycle for their

VRQYVY ELUWKGD\ KH LV EXV\ ZLWK ZRUN 6KH ODPHQWYV 3:
ZKLFK KH UHSOLHV 3%HFDXVH WKHLU ZRUN VXFNV =~ 2Q DC
FRPSODLQV WKDW 3$PHULF D iQut@sRdieN [eldve/twe Ribtited €arlyLsvayl P
KRPH ZKHQ VLFN DQG SXW WKHPVHOYHVY DERYH WKH FRPSD
UHDOL]H WKDW WKH\ 3ZRUN WRR GDPQ KDUG 7KLV LV QRW
families should be oundes. :H DOO NLOO RXUVHOYHYV ~

15.4 Quantity vs. Quality

Probably the biggest thing is the Japanese focus on quality. The Japanese manager states clearly,
3,Q -DSDQ JRDO LV GHIHFWV ~ WR ZKLFK +XQW VQDSV ED
tire fallsofaVFDOH PRGHO RI WKH SURGXFHG YHKLFOH DOO WK
laugh.

Figure 155 Do you compete for distance or for accura¢yflage Chris Breikss under the
CC-BY 2.0 license)
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Probably the most striking exampkewhen Hunt invites his Japanese colleagues to a softball
FRQWHVW VWDWLQJ 3:H SOD\ IRU EHHU $IWHUZDUG ZH S
UHSO\ 3:H SLVV IRU DFFXUDF\ "~ +DYLQJ QHYHU EHHQ SDU\
$PHULFD «RBW (¥BPH WR WKLQN RI LW « , FDQQRW YHULI\ W
colorful comparison.

Hunt and his boss make a deal: If they produce 15,000 cars this month, and hence more than
any Japanese plant, they get a raise and the plant stays oigdeadis to a dramatic showdown,

with a race to complete the target quantity. Here, the film becomes unrealistic, with the
Americans slapping the cars together, quality be damned. Wheels are bolted on with a single
screw, cars are produced without engimgsdshields break, and when Hunt tries to drive off,

the car simply falls apart after five meters. In reality, this would be a disaster. Just finding the
errors in a car would probably take longer than assembling it in the first place. Not to mention

all the issues you may miss. Nevertheless, for the sake of a happy ending, the visiting Japanese
CEO accepts these as good cars, they make the 15,000, everybody gets a raise, and the plant
stays open.

15.5 TV Sitcom

Figure 156 ScottBakula 30 years latefimage Gage Skidmorender the CEBY-SA 3.0
license)

The movie even started a shtwed TV sitcom, also name@ung Howith nine episodes. Most

of the Japanese actors continued with the series, but Michael Keaton was replacett by Sco
Bakula. The TV series covered industrial conflicts like flashes with rule books, theft,
computerization, and women at work, but also romantic problems (for example, infidelity).
Below is the intro for the TV show, which is about as 80s as it cantgetsic, hairstyles,
FORWKHYV H[DJJHUDWHG HPRWLRQV « LW KDV LW DOO

The Video byampMovieCamp.V DYDLODEOH B@hgHe XV 3hBwinfbo(1986)
at https://youtu.be/8QdXwWVGCX2M

Not a brilliant movie, but aentertaining way to understand more of such culture clashes. Be
aware, however, that a lot of cultural differences are exaggerated, and it also includes a lot of
fremdschameifthe German word for secoifhnd embarrassment). However, it is one of the
few shows that use realistic automotive assembly processes, since it was filmed in a real Ford
Automotive plant in Argentina. Additional scenes were filmed in Pittsburgh and Tokyo.

Unfortunately, | could not find it streaming anywhere, but the DVD seems to be still available.
If you want some light entertainment that you can also call work, then this film may be the right
thing for you. Next week | will look at a very similar culttcdash, but then it is all real: the
documentaryAmerican Factory Now, go out, bridge the cultural barriers, and organize

your industry!
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16 $PHULFDQ )BFRVWRXWPHQWDU\ RI D &KLQHVH
$XWRPRWLYH )DFWRU\ LQ WKH 86%

Christoph Roser, April 14, 2020 Original at
https://www.allaboutlean.com/americdactory/

Figure 157. Moraine Assembly (Image aaron wolpert under theEX2.0 license)

A good manufacturing documentary on NetflixAserican Factory This movie follows an

American automotive plant that closed some time ago, and was reopened by a Chinese car glass
manufacturer. It documents the differences and problems between employees and management

in general and the cultural clashes between ChiheBDQDJHPHQW TV DQG $PHULF
expectations in particular. It is in fact very similar to the 1986 m@ueag Hq exceptGung

Ho is a fictional comedy, where@snerican Factorys as real as it get&ood to watch!

16.1 American Factory

Figure 158 Michelle and Barack Obam@mage The White House from Washington, DC in
public domain)

American Factoryis a Netflix documentary from 2019, supported by Michelle and Barack
Obama. The movie follows the (real) Chinese company Fuyao hvdmecializes in glass
production. It was filmed between 2015 and 2017 in their (real) Moraine plant in Dayton, Ohio
and in Chinese production locations. It won, among other prizes, the 2020 Academy Award for
Best Documentary.

The directors of the movie kw the plant well, as they had already made a documentary ten
years earlierThe Last Truck: Closing of a GM Plarkhis film also had no commentary, but
featured only the dialogue of the workers, managers, and other people in the movie.
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16.2 Fuyao

Figure 159 Fuyao logo(Image Fuyao for editorial use)

Fuyao Glass Industry Group Co., Ltd is a Chinese company specializing in glass, including
floatglass (for flat sheets), automotive glass, and glass for construction. It is the largest
auomotive glass supplier, with a market share of 25% according to their website (although in
the movie they state 70%).

It was founded in 1987 by Cao Dewang«(? , born 1946), and currently has around 26,000
employees. It has sixteen production locationgiwiChina and nine abroad, of which four are
in the USA.

16.3 Moraine Assembly Plant, Dayton Ohio

Figure 160 GM Moraine Planf{image Kim Clay under the CBY-SA 2.0 license)

The Moraine assembly plant was originally a household apgdi plant for Frigidaire (1954
1979) and then a General Motors automotive pla88122008).

It closed in 2008, and the last 1,000 of originally 5,000 people lost their jobs. In the movie,
Chinese managers claim 10,000 lost jobs, which is almost cofrgatl iinclude suppliers,
where another 3,500 jobs were lost.

Figure 161 Last car produced in Morain@mage Kim Clay under the CBY-SA 2.0 license)

GM claim that the economic downturn, the rising fuel prices, and the subsegopmtf SUV
sales forced them to close the plant.
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In any case, the closing of the plant was a heavy blow for the economy of Moraine and its
people. The closing of the plant was documented by the same filmmalkereasan Factory
in their 2009 documentaiThe Last Truck: Closing of a GM Plant

In 2014 Chinese glass maker Fuyao bought the plant, receiving a package of grants and tax
incentives worth almost $14 million, but in turn creating 2,000 jobs for Moraine and returning
around $280 million to the Ohieconomy (2016 estimate). Nevertheless, the wages were
significantly lower than with GM. One worker was making $29/hour at GM, but only $12.84

at Fuyao. Nevertheless, many workers jumped at the opportunity, realizing that the good times
with GM had gonerd would never come back. For many, it was a chance to get back to middle
class.

16.3.1 Cultural Clashes

Figure 162 No jokes about him, please. Especially no references to Winnie the|Rage
Palacio do Planalto under the GBY 2.0 license)

There are some interesting cultural comments throughout the movie. For example, when the

&KLQHVH ZRUNHUV KDYH WKHLU LQWURGXFWLRQ VHVVLRQ
let your person® LW\ UXQ IUHH $V ORQJ DV \RXYfUH QRW GRLQJ DQ
\RXU KHDUW <RX FDQ HYHQ MRNH DERXW WKH SUHVLGHQW

It takes quite some time for both sides to adjust. Throughout the filming of the m@®@e, 3
people are hired and either fired or quit, of a workforce of less than 2,000.

16.3.2 Bridging the Cultural Gap

Figure 163 Fuyao founder and CEO Cao Dewafimage "4 £ in public domain)

There are various efforts from both sides taldpe the cultural gap. The CEO Cao Dewang
declines a suggestion to put up both US and Chinese art in the lobby, and says to use US art
RQO\ VWDWLQJ 3:KHQ LQ 5RPH GR DV WKH 5RPDQV GR ~ +H
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norms. But if you have evdived abroad, you may know how difficult it is to leave your own
cultural baggage behind. Unfortunately, he does not seem to speak much English and always
has to work with a translator.

At the same time, many Chinese expect obedience like they were tized ©@hinese workers,

whereas the US workers often speak their mind freely. This leads to multiple clashes, from the
QHHG RI D WHQW IRU WKH RSHQLQJ FHUHPRQ\ &(2 LQ ODUF
LW LV WRGD\ «~ WR WKH 68WHHFMHRQUW RE6WHKRES ®RRHNHH 3, WV |
KDYH RQH LQ KHUH DQG LW:KD\WD QR REYHH W.KMD W RK WIKIIKW FR U C
DOVR VRPHWLPHY WDONV GRZQ WR 86 ZRUNHUV OLNH KH Z
EHIRUH \RX G Res na@ kKdntelaci@dd$? well. Often, the search for the guilty one is more
LPSRUWDQW WKDQ WKH VHDUFK IRU WKH SUREOHP 3(YHU\R
>«@ $PHULFDQV ORYH EHLQJ IODWWHUHG WR GHDWK °

On the other hand, some of the employees makel driends with colleagues from the other

country. Some US employees invite the Chinese to barbecue. The BBQ is followed by another
SRSXODU 86 SDVWLPH VKRRWLQJ VRPH JXQV « ZKLFK WKH
HPSOR\HH HYHQ FRPPH®&WWW RO\ EHILRWKHUEURWKHU |, ZRXOC
OLNH ,9G KDYH RQH RI P\ RZQ EURWKHUV , MXVW« , WKLQN
to the Chinese plant also helps bring the two cultures closer together, with one US worker
stating mistyeHG 3:HYUH RQH ELJ SODQHW ~

Unfortunately, this does not apply to everybody, and others complain that the Chinese see them
only as foreignersteven though they see the Chinese only as foreigners too.

16.3.3 Safety

Another issue that pops up frequently is healtl safety. One worker working regularly with

close to 200°C (400°F) hot glass has problems with the heat. Some workers get injured.
Emergency exits and fire safety are other concerns. In another example, there is an allegedly
unsafe disposal of chemicatgo the sewers.

A scene in at the plant in China shows workers without safety glasses amdistant gloves
sorting shattered recycling glass by color. Overall, the Chinese attitude toward health and safety
does not seem to be up to American expeaiatio

16.3.4 Productivity

A repeated complaint from the Chinese managers is the productivity of the US workers.
37KH\fUH SUHWW\ VORZ 7KH\ KDYH IDW ILQJHUV =~ 7KH\ I1U}
UHDFKHG RXU JRDOV ~ 3$PHULFDQ ZRWSXWVLDUHRDODRWS$SRHL
ZRUNHUV DUH WRR OD]\ " DQG VLPLODU VWDWHPHQWYV [/RYV
$40 million.

About working times, the Chinese complain that Americans work only eight hours per day,
with weekends off, whereas in China yhegork twelve hours per day with much fewer days
off.

However, the Chinese also acknowledge that there are some extremely diligent US workers.
Some Chinese also realize that many Americafias from being lazythave to work two jobs

to make ends meet. W\ UHDOL]H WKDW WKHLU LPDJH RI WKH 86 LV
thought Americans lived a comfortable and superior lfeW KR XJKW WKH\ GLGQYW K
DQ\ VDFULILFHV ~’
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16.3.5 Unions

Figure 164 Senator Sherrod Browfimage &nate Democrats under the €BY 2.0 license)

SUREDEO\ WKH ELJJHVW 3SUREOHP" IRU WKH &KLQHVH DUH
VSHHFK RI 6HQDWRU 6KHUURG %YURZQ SUDLVLQJ WKH B2ULFK
WRIHWKHU L Q@olidirsuryvise afdkstrong displeasure of the (US and Chinese)
PDQDJHUV RI )X\DR 7KH &KLQHVH PDQDJHUV DUH YHU\ FOF
GHYHORSLQJ KHUH °

They have unions in China too. In fact, all workers are union members. Howevéraiinean

of the Fuyao Workers Union is also the representative of the communist party. Since the
communist party represents all people, there is no need to ask the people directly what they
would like. Overall, it is doubtful how much Chinese unionsactu HSUHVHQW ZRUNHUYV
US unions are much stronger.

In any case, since productivity does not improve as planned, and there is the risk of unionization,

the Chinese take drastic measures. The president and the vice president of Fuyao USA get
replacel by Chinese or Chinesemerican managers, along with other US leadership. They
VSHQG PLOOLRQ RQ 28QLRQ $YRLGDQFH &RQVXOWDQWYV"™ C
keeps on telling their employees in multiple mandatory sessions how bad uniodsbedait

WKHP FODLPLQJ WKDW ZLWK XQLRQV LW 3EHFRPHV LOOF
Ringleaders of the unionization movement get fired. The management prevails, with 868 votes

no, and only 444 yes regarding unionization, meaning there is no anitie plant. Overall,

they seem to have worked out (most) of their problems. The plant turns a profit from 2018
onward, and is currently expanding.

16.4 Moraine Assembly Plant Now

At the end of the movie, the CEO Cao Dewang also ponders ireflelftion ifall his work
UHDOO\ KDV PDGH D EHWWHU ZRUOG 3+DYH , WDNHQ WKH S
, GRQITW NQRZ LI , DP D FRQWULEXWRU RU D VLQQHU =~ %XW
ZRUN ~

Relations between the employees and Fuyastilis not very good. OnGlassdoor Fuyao
Moraine is ranked with an abysmal 1.8 out of 5 stars, based on 17 reviews, although Fuyao
North America ranks more mediocre with 3.3, based7érreviews. For comparison, the
average rating for US companies on Glassdoor is 3.3. The reviews are often rather critical, often
explicitly mentioning China:

X No leadership. The Chinese could care less as long as they get the number they want to

achieve

XITYH EHHQ WKHUH IRU PRQWKY DQG FDQ KRQHVWO\ VD\
excellent, however you are treated like a lesser person versus the Chinese.
x Treated less than unless you were Chinese.
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x Terrible management.
x Divided Management Failerto listen to employees

Anyway, the movie very nicely portrays the cultural differences between China and the USA.

It looks into capitalism versus communism. | enjoyed watching it, also noticing details like a
SFRQWLQXRXV LPSURYHPHQWan¢Kg gtalpy linv Ghima” sisging- &bud H
3LQWHOOLJHQW DQG OHDQ PDQXIDFWXULQJ" ZDV VRPHWKL
VSRQWDQHRXV $PHULFDQ <0&$ GDQFH « RU WKH FRPSDQ\ .
followed the dancing. Anyway, if you have tifier some light entertainment while calling it

work, this is a movie you could watch. Noyo out, watch a movie, and organize your

industry.

PS A lot of people contacted me with more suggestions for manufacttefaggd movies.

Here is a short list, sorted by publication date. Some have more, others less about manufacturing,
Please note that | have not (yet) watched them all. Many tharikgte| Baudinand Steve

Milner for some of the suggestions.

X Metropolis(1927): Famous German expressionist scidmmt®n drama by Fritz Lang

X Modern Timeg1936): Famous American silent comedy with Charlie Chaplimich |
also.

x Master Hands (1936): Documentary by Chevrolet about work in a Chevrolet Factory,
available on YouTubat https://youtu.be/zU9mrrdpCE4

X | love Lucyseason 2 episodeJbb Switchind1952): Lucy and Ethel work in a candy
factory with a lack of visual managemelttis available online on various places.

X Blue Collar(1978): American drama following three Detroit Auto workers.

x Norma Rag1979): American drama about a factory worker ineoln unionizing a
textile factory

X Swing Shift (1984): Romantic drama about an American woman signing up for work in an
Arms factory during World War II.

x Sayonara Pef1985): Documentary about Sunderland Nissan employees being trained in
Japanavailable on YouTubat https://youtu.be/Zp6RzyP501s

X Gung Ho(1986): Fictional comedy about a Japanese company taking over a American
plant. Includes real Automotive assembly lines. (seéasiypostabout this movie)

X Roger & Me 'RFXPHQWDU\ RI *HQHUDO OR¥&vRdlalt& (2 5RIHU
plants in Flint, Michigan.

X Spotswood1992), also known abhe Efficiency Expeit the USA,is a drama about a
consultant (Anthony Hopkins) restructuring an automotive factory.

X 6 FKLQG OHMI9Y)VAmMENERW historical drama by Steve Spielberg about saving Jewish
forced workers in Nazi Germany.

x Charlie and the Chocolate Facto(2005), or thesame story a@/illy Wonka & the
Chocolate Factor§1971): Fantasy about a chocolate factory, but not much actual
manufacturing. It is popular with many. However, while | love chocolate, the movie
somehow annoys the heck out of me.

X The Last Truck: Closingf@ GM Plant(2009): Documentary about closing the GM plant
in Moraine. It is actually the same factory and same directofsrasican Factory

X Les Misérable$2012): Historical period musical film, where Anne Hathaway plays the
factory worker Fantine

x Ameican factory(2019): Documentary about a Chinese automotive supplier taking over a
US factory. (In case you did not notice, it is this post you are reading right now)
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17 :KHQ 127 WR 3XO0OO

Christoph Roser, April 21, 2020 Original at
https://www.allaboutlean.com/whearotto-pull/

Figure 165 Children Tug of War (Image Christian Schwier with permission)

Pull production is a highly useful tool in manufacturing, logistics, services, and other industries.
However, there are instances where pull may be not the best option. These instances are rare
but they do exist. In this blog post | will list different cases when pull may not be the best option.

17.1 Recap: Pull Is a Limit on the WIP

Figure 166 Tug of War Children (Image LIGHTFIELD STUDIOS with permission)

Pull systems osrall are very robust and stable, well suited for pretty much any production
system. In fact, they can also be used outside normal industry (e.g., in healthcare, military, call
centers, banking, data processing, and other service industries). See Myhpdstill Is So

Great for more. However, many people define pull incorrectly. For me, pull is a fixed limit on
the number of parts or jobs in the system. | wrote about it extensively in mgrpoisé (True)
Difference Between Push and Rull

172 '"RQYIW 3X0OO ,I <RX +DYH 1R &RQWURO RQ WKH 1
Arriving

Figure 167 Normally, material arrives only when orderdtimage alinabuphotaevith
permission)

Pull limits the number of parts in your system. Hence, one key requirement for doing pull is to
control the number of parts entering your system ,I \RX FDQYW GR WKDW WKHQ
pull.
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In manufacturing, yousually have control over the number of parts arriving. Parts arrive only
ZKHQ \RX H[SOLFLWO\ RUGHU RU SURGXFH WKHP :LWKRXW |
get any parts. Thus, you can limit the maximum inventory simply by not ordering or prgduci

more when you reach that limit.

Figure 168 Difficult to tell customers to stay aw#élynage Victoria_Borodinova in public
domain)

A counterexample would be retail, a repair store, or ackgying location. A typical store
uswally has no influence on when a customer shows up. They usually cannot really limit the
number of customers in the store unless they want to get bad reviews. Instead, if multiple
customers arrive, the customer has to wait. If very few customers arrivedathbas to wait.

There is no defined limit on the upper number of customers.

Figure 169 Black Friday Shopping (Image vverw#th permission)

2l FRXUVH DW RQH SRLQW \RX ZLOO KLW D Olctstoera KHUH \|
in the store. But this is usually way past any sensible workload or even way past any fire
regulations, although this happens annually on Black Friday.
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173 'RQIW 3X0OO ,I ,W ,V 9HU\ ([SHQVLYH WR 7XUQ 21

Figure170 'RQIW WXUQ LW R I(ImagdbulVIRMitiZpeirhssibd) G

Another case against pull isitifis very expensive or impossible to turn off the proces&ven
if the customer purchases less, you may have to produce and build up inventory tievoid
even larger expense of shutting down your process.

Figure17: .HHS WKH WIh&eRABdtewSchmidt in public domain)

This may happen in blast furnaces for steel smelting. Conventional wisdom is to turn on the
furnace ad then run it for twenty years without a break, until the inner lining is getting too thin

and needs to be replaced. Stopping and restarting this process is very expensive, and companies
try to avoid this.

Another example may be oil platforms, where thain cost is setting up the platform and
drilling a hole. Once the platform is running, it often makes economic sense to keep operating
even if the demand and the oil price goes down.

174 'RQIW 3X0OO ,1 <RX &DQ 2XWSHUIRUP D 3XOO 6\V

Figure 172 Are you smarter than pullmage raspirator with permission)
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Finally, pull may be inferior ifyou have a very high level of control of your system and an
excellent knowledge of upcoming fluctuationgi.e., you are close to alnowing and d}
seeing in your production system). Even then, pull would still work.

However, it is imaginable to have a ptigpe system that outperforms a pull system if you
have such an excellent understanding of your system. A pull system reacts immediately
whenevera part is consumed or completed. A push system controlled by humans, computer
logic, or artificial intelligence has to be able to outperform pull systems, giving either a better
availability (for maketo-stock) or better utilization (for mak®-order) fa the same inventory,

or having a lower inventory for the same availability or utilization, or a combination of those.

Hence, if the knowledge of the human, computer logic, or Al of future fluctuations and
disruptions is exceptional, they may be able tghpa production system better than pull
production. Yet, | believe such companies are as rare as unicorns. While you can occasionally
meet a manager who believes his organization -kraliving (usually in the higher ranks far
removed from the shop floori,is not true.

Other than that, | am always hapdessed to find good examples where pull is not superior to
push. In literature, you can find many scientific articles that claim push is better in some cases,
but if you dig deeper, you will find that thgust did not understand what pull actually is. Pull

is much better at handling uncertainty and faster at maintaining your inventory buffer. Hence,
the only case where push may be better is a highly stable system where you have an excellent
understandin@f the processes or of the expected fluctuations.

The common approach is usually to let pull do the-tdaglay control, and human workers

adjust the pull system if they know of an upcoming fluctuation. These could be seasonal demand
changes, or your shipitli goods just sunk, or all your products failed the safety test and need

to be remade, or there is a craze for your products just because Beyoncé said she loves them, or
your products sit like lead on the shelves just because Beyoncé said she hatésthem, R U «

RU « , DP VXUH \RX DUH IDPLOLDU ZLWK PDQ\ VXFK H[DPSOF

17.5 Summary

Overall, pull is, in my view, still the best solution for almost all cases, providing aft@asg
system that requires little intervention except for the ocnasiopdates. There are very few
exceptions where pull is inferior, as mentioned above. Njpwgut, see where you can pull
and where not, and organize your industry!
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18 +RZ WR 6HW 8S D 6KRS )O3FORIWOHHWLQJ

Christoph Roser, April 28, 2020 Original at
https://www.allaboutlean.com/shdlmor-meetingl/

Figure 173 Shop Floor meeting (Image Wavebreak Mediaviatt permission)

Regular meetings are necessary to keep yourself and others informed. This is also true for the
shop floor. Many factories have set up meeting corners for the workers and their supervisors to
meet. In this series of posts | would like to® you what you need for a successful shop floor

meeting. This first post looks at the hardware and content of the team corner where the shop
floor meeting usually happens, as well as the most important KPI that should be addressed in

the team meeting.
18.1 Team Corner Hardware

Figure 174 Whiteboard Mobile (Image Pinender the CEBY-SA 4.0 license)

Most team corners consist of a few whiteboards in an area not too far from the actual workplace.
These boards are either permanently mied or can be movable. Often they form three sides

of a rectangle. The fourth side is open so people can walk in and out.

A tall table is often also part of the team corner so participants can put down their clipboard or

coffee cups. However, there areually no chairs. A standing meeting helps to make the
meeting shorter and more active. Hence, avoid chairs. Besides, there usually is not enough space

for chairs for everybody anyway.
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Figure1l75 ODUNHUYV (U D V H(nadgeDnkapwniather in public domain)

Other pieces of common equipment are whiteboard markers in different colors and an eraser.
Some corners hang up these markers with strings, others have a small magnetic tray on the
whiteboard itself. The most basic optigrio put them on a table, although these tend to go lost
most often too. Make sure these are all-permanent, otherwise you will end up with a very
messy whiteboard. Additional writing equipment like pens or text markers are also often
available. If neessary, a cheap calculator may also be part of the set.

Figure 176 Not a good shop floor meetingfmage Thomas Karol in public domain)

Some companies also include computers with displays and keyboards/mouse/tablets. These
havethe advantage of being able to show a lot of data that is available on the network. The
disadvantage is that | have never seen them used. | guess it helps the bosses to feel more
3,QGXVWU\ " EXW ZRUNHUV XVXDOO\ GmQHa\easxMmdludeW SDU
If you believe they help your team, feel free to get these, but otherwise avoid.

On the other hand, feel free to use different-daital tools. | commonly see (and like) small

magnets in different shapes to highlight or indicatenge Red, yellow, and green round

magnets can be used for a traffic light system to show if something is good, barely OK, or a
SUREOHP ODJQHWLF DUURZV ZLWK ODEHOV FDQ SRLQW RX
FKDUJH” RU VLPLOD idate @ldch@étkEnis & vRich_r@aGhine today. If you buy
magnetsget the stronger magnetsl once made the mistake of buying cheap and weak ones,

and the magnets frequently fell off if someone walked past the paper it was on.
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18.2 Use Pen & Paper Whenever Poss ible

Figure 177. Hand holding pencil (Image Johnny Magnusson in public domain)

Many companies like to work with computer printouts for different data charts. They look nice,
but they lock out the worker from interacting with thegta. Try to use handwritten data instead.
Provide blank forms, and have the employees fill out the data every day themselves. See The
Advantage of Handwritten Data on the Shop Fltayrmore detail. Toyota and many other
Japanese companies even use pencil so mistakes can be corrected easily.

18.3 KPI in the Team Corner

The team corner should have different information and data in it. Typically there is one or more
data sheets for each of tfidlowing categorizes:

18.3.1 Safety

Figure 178 Team Corner Safety S (Image Roser)

The first and possibly most important section is safety. What accidents happened? How many
days since the last accident? A popular format ishapevith the days of the month (or week).

7KH 36~ VWDQGV IRU VDIHW\ (YHU\ GD\ KDV LWV RZQ ILHOC
like a cross (for the first aid cross), with square fields numbered 1 to 31. Feel free to use a
symbol or letter that fitsgur culture. For example, Muslim countries may prefer a crescent
instead of a cross.

Figure 179 Team Corner Safety Cross (Image Roser)
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Every day the safety status of the previous day is added by filling out the previous tegnDif
colors can represent different things. A green field stands for no accident. A yellow field could
be a minor accident that required some medical aid, but no sick leave. A red field would be a
major accident that requires sick leave. Gray could ige dat scheduled to work. You can also

add colors for near misses.

At one glance you can see how safe the section was. Details would have to be looked up
elsewhere, but the previous months of data are often kept in the team corner behind the current
month.Just in case you want to use this safety S or safety cross numbered from 1 to 31 for the
days in the month, | have here a fiegety S and Cross Templdtatl made myself. Feel free
to download the template and use it. If it helps you to reduce accidents, then | art:Zhappy

18.3.2 Quality

Another important factor that is usually represented is quality. Depending on your product, you
should show a few of the most inmpant quality measures. Ideally, these are represented as a
bar graph over time, possibly with upper and/or lower limits or targets. This allows you to see
trends and the quality history. Avoid just filling out a table with numbers. A graphical
representabn is often much easier and quicker to understand! Similar to safety, the charts from
the previous months/weeks are also often kept in the team corner.

ODNH VXUH WR KDYH HQRXJK VSDFH RQ \RXU FKDUW WRZDU
that invesed quite a bit of money into a electric quality performance display with colored lights

for the plant entrance hall, only to have quality turn sour shortly thereafter. The quality was
OLWHUDOO\ 3RIIl WKH FKDUWYV"™ IRU HY HKdrbomfriewtt tdéctly Mt KDW Z |
the paper if necessary.

18.3.3 Performance

Figure 180 Computer Performance (Image Murrstock with permission)

Another important measurement is the performance of the production system. This could be
productivity. How many items were made yesterday? Or it could be some sort of cost measure.
Use whatever is common in your area. Similar to quality, this is often a timeline of the
performance of the previous days. Most commonly you see the number of items produced per
day or per shift, but use whatever is commonly used in your company.

In my next post | will look at some more items that are commonly found in team corners for
shop floor meetings. Until thego out, meet some people on the shop floor, and organize
your industry!
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19 +RZ WR 6HW 8S D 6KRS )O3FORUWOHHWLQJ

Christoph Roser, May 5, 2020 Original at
https://www.allaboutlean.com/shdlmor-meeting2/

Figure 181: Two People in Shop Floor Meeting (Image pressmagitir permission)

In my second post in this series on shop floor management | will look at more things that go
into the team corner besides the tracked KPI. How do you manage your improvement activities?
What organizational stuff should go in there? Hopefully this will help you make more
successful shop floor meetings. In my next post | will also talk about what $k@didyo into

a team corner on the shop floor.

19.1 Improvement Management

Figure 182 Team Corner Whiteboard (Image MicroOwih permission)

Another common section in the shop floor meeting corner (or team corner) is for improvement.

This section contains a list of problems that have happened and are worked on. There are two
common approaches. The first one is to have a table, with a line for every issue. The second
one uses some sort of cards, with one card per problem. | usudély fhve cards since they

FDQ EH PRYHG DURXQG HDVLO\ 7KH WRS SULRULW\ JRHV W
moved down. A completed card is archived.
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Figure 183 T-Card Example (Image Roser)

Some companies use-Cards, which are cards shaped like a T, so they can be inserted in
VORWWHG ERDUGY EXW ZLWKRXW ID O Ohap DthéR tseGdintéS LQW
sort of Posits, although you have to make sure that they do not fall off easily.

If you are using &able to track your improvements, however, you eventually will end up with
lots of completed entries, and only a few open ones, with more on the next sheet. This requires
some searching to find out what is still ongoing and what not.

Regardless if you use table or a separate set of cards, the structures are very similar. It is in
effect amicro-version of the A3 reportThere is a brieflescription of the problem and a
suggested set of solidns and/or measuresA check if the implementation worksis also

highly suggested, but just like tR&CA often forgotten. Frequently there is also a field for the
personresponsiblefor this issue and thdate it was added. Finally, theDCA circle is often

also shown. This is a circle divided into quadrants. Whenever a quadrant is completed, the
guadrant is filled out. This is an easy tool for visual management to see how far the problem
solving processas advanced. Often, variants are found that slightly deviate from the PDCA,
but I like to stick to the PDCA.

Figure 184 Team Corner PDCA Circles (Image Roser)

In all likelihood you may have more issues than you and your teareadee in a reasonable

time. Do NOT make the mistake of putting all topics on yotttddist of topics to be resolved.

Instead, keep a separdiacklog of open problems If you try to attack all problems at the

same time, you are like the young tigertla ZDQWYV WR FDWFK DOO GXFNV DW
will end up with none.

If you havelarger improvement projects going on, you can also add some info on the larger
projects. For example, you could hang upABeeport(original or copy) for ongoing projects.
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Figure 185 A3 Report Examplémage Zsever in public domain)

19.2 Organizational Stuff
Often, the team corners also cantarganizational elements.
19.2.1 Worker Assignment and Absence

Figure 186 A Whiteboard on a Forklift ??@mage Wavebreak Media Ltdth permission)

One possibility is to add an overview of the workers in this section, which onegoattoday,

and where they are working. This can be combined with a qualification matrix, showing which
ZRUNHU LV WUDLQHG RQ ZKLFK SURFHVVHV |1 \RX WUDFN
you do not go into too much detail unless the workerseadf you make it publicly visible who

was sick on which days, then a lot of workers would feel unhappy, morale would go down, and

you may be heading for trouble with the unions. This is usually not worth the benefit. Find a
tradeoff between workerelated data that you need on the team corners rather than just on file,

and the happiness of the workers about not being put on display.

19.2.2 Contacts

Figure 187. Worker in Factory making a Phone Call (Image Standiéh permission)

Sometimes there is also a small note about who is in charge of this team corner. This may also
include a corporate mobile number. Often, additional contacts are also listed, for example the

names and photos of the first responders (employees with adtftistvaid training) in case

of an emergency. You always hope that you never need this, but if you do, you will be glad that
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you have. Including the photos in the team corner also helps the employees to memorize this.
In an emergency, they know who to chaut without having to look it up first.

19.2.3 Participants

Figure 188 Everybody here@mage monkeybusinessimagdéth permission)

Yet another element of a team corner is often a list of participants for the team meeting. This
caninclude the workers and foremen that are covered by this team corner, although this is
usually not really that helpful. More helpful is tracking the participation of other employees that
usually do not belong to the team corner. In many companies, aaejat@ge of logistics or
engineering may be present during at least some of the meetings.

In some plants, even managers up to the plant manager are scheduled to attend such team
meetings. Naturally, a plant manager cannot attend every meeting everyutitne could have

to attend at least one meeting per week. This helps the managers to get a grasp of what is really
going on on the shop floor.

Often such an attendance is tracked in a simple table, with a row for each name, and a column
for the days of thenonths. Additionally, there may be a note if attendance is not required every
time but weekly or monthly. Filling out a day in green means this person attended, yellow means
it was an absence but with prior excuse, and red means the person was missing pibr
explanation. If the person is scheduled to attend less than daily, you can fill out the entire period
if that person attended at least once. Maybe mark the actual day of attendance.

Of course, tracking the time of your bosses can land you iwéketr if your boss did not give

you permission for this. | have seen such manager attendance tracking a few times, but it always
started with a suggestion from the top. | also strongly recommend not tracking the attendance

of your boss unless your boss@aVV WR EH WUDFNHG « RU \RXU ERVVY{V E
should be tracked.

19.2.4 Checklists or To -Do Lists

Figure 189 Checklist (Image ClkeFree-Vectorimages in public domain)

Not always but in some casgsu can find checklists on the team corner. If there are a number

of steps that have to be done regularly AND should be checked in the team meeting, then you
may add such a checklist. Examples would be some maintenance, sending of a report, or similar.
A check mark or name can be added for every entry and the corresponding day to see if it was
actually done. But please only use this on the team corner if necessary, not only because you
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can. The team meeting is probably already full of topics, and addirgywilbdelay everything
else.

19.2.5 General Info

The team corner also frequently can contain additional information that is relevant. It could be
printouts of general announcements, or info on upcoming changes, or a message from your
XQLRQV RU « RUWXWHRURX PPQ WKLQN RI D ORW RI WKLQJV LC
LW 7KH VSDFH LQ WKH WHDP FRUQHU LV OLPLWHG DQG \R
somebody would like to add.

19.3 Not Necessary

There are a few more things that are sometifoead in team corners, but in my view are
completely not necessary.

19.3.1 Value Stream Map and Layouts

Figure 190 VSM Example Overload (Image Roser)

Many Western lean companies love towddue stream map3hey do have their uses, but are

in my view widely overused in Western companies. | see them as a tool for specific projects,
DQG QRW DV DQ 3DOzD\V RQ" .3, %YHVLGHV WKH SHRSOH W
their valle stream probably better than anyone.

Similar applies to layouts. They are only helpful for certain types of improvement projects, or
for people unfamiliar with the area to get an understanding. But again, the people in the team
corner know their area bettthan anyone else.
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19.3.2 Mission Statements

Figure191: 8 K « R N [@Mmage the U.S. Air Force in public domain)

Company executives love to have mission statements. Unfortunately, these mission statements
often live in a paralleorld disconnected from reality. Often, they are a collection of fancy
PRGHUQ PDQDJHPHQW EX]]ZRUGV W LV IXOO RI 3DVSLUL
SDFKLHYH ~ 7KH\ WDON DERXW 3JOREDO VWUDWHJ\" DQG 3

SEXVWRPHU

If it is a good mission statement aligned with how the company really is (not how the CEO
wants it to be), the workers will ignore it. If it is a bad mission statement, it will be ridiculed.
Overall, it is a waste of space in the team corner. Hangniesere else where it is not in the
way.

However, if there is truly something praiseworthy and connected to this section of the shop
floor, feel free to hang it up. If there was an award for quality or performance in this section,
put it up in their teamarner. It is fine to have motivational items in the team corner, if it means
something to the team.

This wraps up the design of the team corner. In my next post | will talk about how to actually
conduct a shop floor team meeting as part of the shop flaoagement. Until themgo out,
prepare your whiteboards, and organize your industry!
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Figure 192 Blue Collar Meeting (Image stylghotographs with permission)

In this last post (for now) on my series on shop floor management lalklabout how to
conduct a shop floor meeting. Who should be there; when, how long, and how often you should
have such a meeting; and what is on the agenda. | will also talk about common mistakes that
you should avoid.

20.1 Who Should Participate in a Shop Floo r Meeting

Figure 193 Factory Workers (Image Cherie A. Thurlby in public domain)

The shop floor meeting is primarily for the people on the shop floor. Since in all likelihood your
entire factory is too large for a meaningfihgle meeting, such meetings should happen for
different sections of your factory separately. Align this with the structures you already have in
place. Every foreman/supervisor conducts a meeting for his own team. In my experience, the
number of participats range somewhere from 3 to 20, although | prefer 5 to 10 to keep it
manageable and effective.

Besides the workers and the supervisor, you may have other people involved, as for example
logistics, maintenance, management, or other support staff. Bsegheaconsiderate of their

time too. Even if you distribute the shop floor meetings across the day, a support staff worker
will do nothing else if there are twelve meetings to attend every day. A common strategy is to
have the support staff join not dailgyt once per week or once per month, depending on the
number of shop floor meetings you have in their area of responsibility altogether.

Another option is to invite support staff on a césecase basis. If a problem benefits
significantly from the atterahce of a certain support staff, then this support staff may join for
one meeting or a small number of meetings to help resolve the issue.
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| have seen attendance of upper management up to the plant manager on a regular basis. The
plant manager attended dferent meeting every day, and his attendance was tracked by the
shop floor meeting supervisor.

20.2 How Often, How Long, and When Should You Have a Shop
Floor Meeting

Figure 194 Manager looking at Watch (Image Mangostdth permision)

A shop floor meeting should happen with every shift. All the employees currently working in
this section of the shop floor should attend. The duration varies, but is often somewhere between
DQG PLOQXWHV "'RQYW PDNH LkasiweRuRe predQclivity LQFH WKLV

Usually it is at the beginning of a shift to get the maximum benefit from the information shared.
However, if multiple teams use the same team corner space, or if a manager wants to attend
multiple meetings, the start of sucleatings can be adjusted. In other words, Team 1 meets

8:00 to 8:20; Team 2 8:20 to 8:40; and team 3 8:40 to 9:00 in the same team corner. Similarly,

if the shop floor supervisor and his team meets at 8:00 to 8:20, with the shop floor manager in
attendancethe overarching shop floor manager meets and his staff meet afterwards. Naturally

it makes sense to start the meetings at the lowest hierarchies and work your way upward. This
SHUPLWYVY WKH IDVWHVW WUDQVIHU RGdnd#R R0 LRQ IURP W

20.3 How to Conduct a Shop Floor Meeting

Figure 195 Checklist (Image ClkeFree-Vectorimages in public domain)

The shop floor meeting usually has only a few agenda points. It often starttakith
attendance Next comes #ok at thekey performance indicatorsof the previous day. These
usually include safety, quality, and cost or performance. If an accident happened it should be
discussed(briefly) to prevent reoccurrence. If it is a bigger issue to solve a separatg aneetin
project may be necessary, as the shop floor meeting is too short for a detailed analysis.

Another block looks aturrent problems andimprovement activities. What went wrong
yesterday? What is the progress of the open items in the improvement list. Please keep in mind
that this meeting does not have enough time for extended discussions, the focus is on conveying
information. If there are neabvious problemdo solve, a separate problem solving process
should be initiated. A third block may give various updatesagenizational information

that came up since the last meeting.

In pretty much all cases | know, this was a standing meeting. In general, staegiiggs tend
WR EH VKRUWHU %HVLGHV \RX XVXDOO\ GRQfW KDYH WKH
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20.4 Outside of the Shop Floor

Figure 196 Crazy Office People (Image Poznyakov with permission)

Similar meetings are also benmg more common outside of the shop floor. Such meetings
could happen, for example, with logistic teams (which | have done myself regularly when | was

a manager of such a team), or maintenance, or any other organizational groups. Things on the
shop floorchange with a very high frequency, and due to the nature of the work there is usually
not as much time to exchange information. Hence, a meeting every shift is well justified.

However, this may be different in other areas outside of production. It magtiiee¢ to meet
only twice or three times per week, or even only weekly. If it is less than weekly, however,
these meetings start to lose their effect.

20.5 Common Mistakes in Shop Floor Meetings

Figure 197. Shouting Worker (Image Ekenimages.com with permission)

There are a few common mistakes in shop floor meetings. Probably the biggest one is to let it
degrade into a discussion groupPros and cons are argued, or even worse, blame is assigned,
and the time is up before reaching/aneaningful conclusion. The next day the story repeats,
and since the points from yesterday are repeated no progress is made.

Figure 198 Silenced Worker (Image Krakenimages.com with permission)

Another common problem is the apgite: Alack of employee involvementOnly the boss

talks and the employees listen. It is good practice to assign different parts of the rneeeting
different employees. Employee A takes attendance. Employee B goes through the KPI, and so
on. Not only does this significantly increase the involvement of the employees, it also frees up
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the mind of the supervisor from organizational tasks and gives time for actual knowledge

value add, and maybe even a little bit of coaching and mentoring. Also allow the employees to
adjust the content of the team corner. Some companies provide a shop floor meeting template,
but often it is better to adjust this tplate to the actual needs of the team.

Figure 199 Sleepy manager with Clock (Image Elwith permission)

Another mistake is toelax the meeting times Try to avoid delaying the start or end of the

meeting. In some companiessivorks well, but in others adhering to a meeting schedule seems

WR EH LPSRVVLEOH « ZLWK WKH HPSOR\HHV IROORZLQJ W
probably know where on this spectrum your company sits.

But if you avoid these mistakes (at least mdghe time), a shop floor team meeting can be a
very helpful part of your shop floor management. It facilitates the exchange of information, and
helps you to run a shop floor smoother than if you have no such meétng.go out, meet

you people regularly, and organize your industry!

PS: In the discussion on linkedi@Qsamu Higosuggested that the foreman gives a brief
summary (verbal or short memo) to his own supervisor. | do like this idemks for the
suggestion, Higesan!
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Figure 200 Ford Crankshaft Shop 19X¥mage Ford in public domain)

Job shops have a strong tendency toward chaos. Even well managed plants struggle to maintain
order in a job shop. This due to the inherent nature of a job shop, and there are no good
solutions to manage job shops. The only good way to improve a job shop is to turn it into a flow
shop. | will talk more about such changes later in this short series, but first let me espjlain

job shops are always a mess.

21.1 Flow Shop, Project Shop, Job Shop

There are three main groups of material flows in manufacturing. First, therefliswh&hop,

where the main material flow is the same for all products (i.e., all products have the same
process sequence). Second, there igdheshop, where the material flow is different for all
products. Finally, there is what | call the project shop, where all material flows to one process
only. This is not that common, but can be found, for examp#hipbuilding, where everything

comes to the ship in the dry dock. Please also note that these types of material flow have a large
overlap. There are plenty of flow shops where some material has exceptions, and plenty of job
shops where there are small sthes of flowshoplike behavior.

Figure 201 Flow ShopJob ShopandProject Shop (Image Roser)

| have written aboutow shops job shopsandproject shopbefore, but flow shops are usually
much, MUCH easier to plan and manage. Let me show you why job shops are cuctea
chaos.

21.2 Irregular Material Flows Cause Inventory Imbalances

One of the main causes of problems typical to a job shop are irregular arrivals. Below is a hybrid
between a flow shop and a job shop, to illustrate the point. Material flows from figfhtpbut

may be processed by different machines at different steps. | use this hybrid, rather than a full
job shop, to make the points easier to understand, but trust me, it is worse in a full job shop.
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Figure 202 Messy Job Sip Example Basic (Image Roser)

)JXUWKHUPRUH WR VLPSOLI\ WKH DUJXPHQW OHWYV DOVR L
DQG HYHU\ SDUW FDQ EH SURFHVVHG DW HYHU\ PDFKLQH
randomness. (Yeah, absurd, | know. Busithe privilege of professors to make unrealistic
assumptions so that it works in theory) Anyway, on the first column a part arrives at every

process every 12 minutes, hence our arrival takt is 3 minutes. The first column of processes can
process a paevery 12 minutes, which gives these four processes together also a takt of 3
minutes. The second column of processes needs 9 minutes per part and process, which gives
also a takt of 3 minutes. The third column needs only 6 minutes per part and pagaesor

a takt of 3 minutes. And the last column needs again 12 minutes per part and process, for a takt

RI « PLQXWHV

Hence overall, the processes in this example are nicely balanced, with every stage of these four
process columns having the same cipalf you would be producing water, it would flow
though the system at the same speed without being slowed down.

Unfortunately, you are not producing continuous goods like water, but discrete goods like parts.
Hence, you will sometimes have two partgvamg at the same time at the same process, and
sometimes none. Even with the best distribution rule, you will have more material at some spots
and less at other$he material distribution is uneven.

Figure 203 Messy Job Shogxample 1 (Image Roser)

The above example also assumes every part can be processes by every machine. If we would
KDYH WKH UHVWULFWLRQ WKDW VRPH SDUWV FDQ EH SURF|
of material will quickly become even more pronouwhees shown below.
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Figure 204 Messy Job Shop Example 2 (Image Roser)

And, remember, this is a perfectly balanced system without any randomness (i.e., my theoretical
example). If you add random events (breakdowns, short delay¥y,aetl make the system
imbalanced (you have a bottleneck that may also depend on the part mix produced), it will
become even worse.

Figure 205 Messy Job Shop Example Real (Image Roser)

The point here is that depending on &neving product mix, the arrival of material at a process

is fluctuating widely. One process may have multiple parts arriving almost simultaneously,
whereas other processes may have none. If more parts arrive than what the process can handle,
the materiabtarts to pile up. If less arrive than what the process can handle, the pile will shrink
and eventually disappear, causing the process to idle.

21.3 Inventory Imbalances Cause Large Safety Buffers

Having clumps of material in your value stream is not goodfd@uhe shop floor, often even
worse are idling workers. A worker that is unable to work due to a lack of material is waste. To
be more specific, it is the waste of waiting as part oftheen types of aste (muda)

Figure 206 Seven Trash Cans Labeled (Image Thomas Sdllner with permission)

To prevent or at least reduce such waiting times, the inventory in front of the processes is
increased. If there is more inventory, the @& KRRG RI KDYLQJ WR ZDLW LV UH
cost of increased inventory.
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Figure 207. Messy Job Shop Crowded (Image Roser)

21.4 Inventory Imbalances Cause Changes in Staffing

Imbalances in the workload can be buffered somewhat by inventory. Larger imbalances,
however, eventually require some processes to work more than others in the long term. This is
usually done by reassigning workers. If a process is running out of partsjottkers are
reassigned to an process that has way too many parts. In a flow shop, workers often work for
longer periods at the same spot, changing the location only at predeterminethtjoieshops,

such changes are much harder to predict. It isliysugossible to have a preventive planning

of the staffing, but only a reactive action. If the process runs out of parts, you check where the
workers are most urgently needed (and qualified to work at), and reassign the workers there.

Figure 208 Messy Job Shop Example Change of Staffing (Image Roser)

,Q P\ QH[W SRVW , ZLOO FRQWLQXH WR ODPHQW DERXW WK
does not help you much except that | know your pain in managing a job shop. In th#gyost

that, however, | will look into how to transfer a job shop into a flow shop. jowut, wrangle

with the multi-headed hydra that looks like a job shop, and organize your industry!

P.S.:This blog post was inspired by a part m@eo presentationy Nampachi Hayashi, which
| found through amrticle by Dirk FischerThanks to alf.
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Figure 209 Ford piston shop 191{mage Ford in public domain)

Job shops are a mess. Period. The increased and uneven levels of inventory cause a host of other
problems. In my last post | described how these inventory imbaareecaused by irregular
material flow, how subsequent safety buffers increase inventory even more, and how this causes
staff to change their workplace irregularly in a job shop. In this post | will continue the long list

of ills in a job shop with stafthangeover losses, extra searching and organiftiajyuating

lead times, and general4ptannability of job shops.

22.1 Changes in Staffing Cause Changeover Losses

Figure 210 Flow Shop Worker Change Losses (Image Roser)

Due to thes imbalances in material, the workers have to change locations. This also causes
waste. The workers have to physically move to the next location, familiarize themselves with
the current situation there, and get ready to work. They may also use this opypéwtua small

break that will never show up on your time sheet. Overall, you may lose anywhere from five to
thirty minutes due to such a change of location. Hence, the more you change locations, the more
you lose the time of your workers.

And this doesot even take into account the time needed to figure out where to assign the
workers next! This is either the time of the supervisor or, if the workers decide for themselves,
the time of the workers. If the workers decide for themselves, a major factalsoaye what

type of work they like and which one they dislike. If you leave it up to the workers, the popular
processes (easy, clean, good money) will be well staffed, while the unpopular processes (dirty,
difficult, dangerous, lower pay rates) will hapites of material.

To compound the problem, this is very difficult to plan ahead of time due to the butterfly effect
(more below). And since it is difficult to plan ahead, it is impossible to optimize the work
sequence. A worker may work at a processnatend of the shop floor, but then may have to
work far away at a process at the other end of the shop foaorwill have longer walking
GLVWDQFHV EHWZHHQ SURFHVVHV )XUWKHUPRUH «
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22.2 Irregular Flows Cause Searching and Organizing

Figure 211 Magnifying glass (Image Roser)

In a flow shop it is easy. The next part to produce is simply the next part in line in front of the
process. Material transport can easily be standardized or automated to reduce handling time and
effort. This is nuch more difficult in job shops. The workers may not know automatically where

the next material comes from, or where the completed goods should go, or both. There may
even be multiple choice options. The completed product could go to either one of three
processes, but which one would be the best choice?

Figure 212 Arrow Crossing (Image Roser)

There may be a lack of standards for moving the goods, and probably no automation. Often, the
SVWDQGDUG™ LV RQO\ |REepd K0bkouRfor Xirshedd\goGdd atYhe prodésses,
look at the material sheet, and try to figure out where to put it next.

If there was a mistake in the transport, it may take some time for people to notice the wrong
part in the pile of open jobs at aopess, even more time to inform someone, and then even
more time to bring it to the (hopefully) correct location.

22.3 Searching and Organizing Requires Skilled Personnel

Figure 213 He has seen it alfimage photosvitwitlwith permission)

Even though there are often many mistakes, it is due to the skill and experience of the operators
and logistic that the system will not crash totally. Try staffing the job shop logistics with lots of
newbies, and see how everything grinds twal, whereas with experienced hands it at least
stutters not too much.

104



Figure214 +H VWLOO KD \Inddge XaHza1Mitlopeividission)

2YHUDOO \RX QHHG D ORQJHU WLPH WR WUD la@edireXcd VWDII
of trials and errors over a prolonged period of normal work, with the occasional tip from older
FROOHDJXHV ,I \RX GRQTW KDYH WKDW é&dmhandéaRidgcdiww LF ZR U
have a bad impact on the performance of the job.shop

22.4 Inventory Imbalances Cause Fluctuating Lead Times

Figure215 :DWHU WDQN H[DP S QrhageRRdsél) WWOH TV ODZ

Besides the waste of additional material, waiting, searching, and unnecessary organizing,
another major problem ijob shops is the lead time. Theeragelead time for a job shop is

easy to determine usingL W W O M&udivid® the inventory (in pieces) by the throughput (in
pieces per time) and get the le@aie (a time). Since a job shop often has quite a bit more
material than a comparable flow shop, the average lead time is usually quite a bit longer than
in a flow shop.

However, not only is the average lead time larger, it also fluctuates more duerteetitery

imbalances. Some parts happen to have a process sequence that is not so busy, and hence may
pass through the system faster. Other parts happen to have a process sequence that is much
more crowded, and hence these parts will take much moreTmse fluctuations also make

it much more difficult to predict a completion date and hence a delivery date with any
UHDVRQDEOH DFFXUDF\ 7KH JLYHQ GHOLYHU\ GDWHV XVXD
even this is sometimes not enough.

Figure 216 Messy Job Shop Lead Time (Image Roser)
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22.5 Butterfly Effect Causes Planning Uncertainties

Figure 217. Watch out for the evil butterfliefimage Michael Apel under the G&Y-SA 2.5
license)

Finally, thereis the issue of the overall sensitivity of the system. There are software packages
available that try to model the flow of material through a job shop, but such analytical
predictions suffer from the butterfly effect. The butterfly effect is a term fromimear

dynamic systems, where a minor change in the system can drastically change the overall
RXWFRPH 7KH H[DPSOH LV QDPHG B(EXWWHUIO\ HIIHFW  Z
EXWWHUIO\TV ZLQJV LQ %UD]JLO VHW RII D WRUQDGR LQ 7H]

<R X ZR Q 1 %nhyldu@e@lig3 in a job shop, but the effect is the same. A minor delay in one
process may causes the part to be behind another part rather than in front of it, which can change
the level of utilization (overloading or idleness or in between) for othmrgsses. Hence any
deterministic plan you make for your job shop will soon deviate from the reality. It is like the
weather report, good for the next few hours, acceptable maybe for two days ahead, but highly
unreliable when looking two weeks in advandeacs reality is always right, your plan is wrong,

and all the careful effort in planning is wasted.

22.6 Planning Uncertainties Cause Reaction Instead of Preventions

Since any plan you make goes out of the window soon due to these uncertainties, a job shop
usudly has much less planning beforehand, and prevention of issues is difficult. There are some
average utilization and workload estimates, but detailed plans when to make which part at
which machine are difficult.

Instead, a lot of the effort on the shopoilds reactive, where you try to fix problems as they
pop up. However, if the problem is already happening, then it is too late to prevent it, and you
can only mitigate the damage. Yet this is common in job shops.

There are lots of software packages oatéfthat try to help you in managing the mess of a job
shop, but a job shop is and stays a mess. The only true cure for the mess of a job shop is to turn
it into a flow shopNow go out, turn your messy job shop into a flow shop, and organize

your industry!

P.S.:This blog post was inspired by a part m@eo presentationy Nampachi Hayashi, which
| found through amrticle byDirk Fischer Thanks to allZ.
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Figure 218 Ford motor assembly with moving conveyors 1@@iage Ford in public
domain)

Job shops are always very difficult to manage. As | described in my previous poistsgtiiar

material flow causes fluctuations that are very hard to contain. In my view, the only true fix for

a job shop is to convert it into a flow shop. In this post | will talk a little bit about how you
approach the idea of converting a job shop intbt@QRZ VKRS « DOWKRXJK WKLV
possible. However, in many cases it is possible to increasesfiopwlike segments, even

though the whole system is still a job shop.

23.1 Required: Dedicated Processes

Figure 219 Dedication!(Image unknown author in public domain)

There is one requirement for establishing a flow line: You need processes that are dedicated to
the flow line. The processes within the flow line should handle only parts of the flow line. If
\RX KDYH D :3bOthartsOrbr@ the job shop frequently enter the flow line sequence to

be processed, then it is not a flow line. Try your best not to have outside parts jump in and out
of the flow line, as this will water down the performance of the flow line signifigant

Having said that, let me walk you though a couple of things you can do to move toward flow
lines. Below are a few suggestions. These are not necessarily a sequence of improvement steps,
but a few ideas that also support each other through iteratiorntho@gh them repeatedly and

try to find the best system that you can imagine.

107


https://www.allaboutlean.com/job-shop-to-flow-shop-1/

23.2 ldentify Materials with Similar Process Sequences

Figure 220 One is not like the oth€Apple unknown author in public domain, orange

Photoshot in public domain, peach Marco Verch under theB8.0 license, dumbbell

unknown author in public domain, pear Apple and Pear Australia Ltd under tHBXCZ0
license)

The first step in converting job shop into a flow shop is tdentify products with similar

process sequence segmentdow, you may be thinkindjude, if all my products would have

the same process sequence, | would have established a flow shop adéssagball, there

are incked still a few plants out there that have such a situation but have not yet converted to a
IORZ VKRS GXH WR LPSRUWDQW WKLQJV Olineit iswlttDIGLWLR Q
wiggle room

True, you may not be able to have a full flow shoptrigway, but there are quite likely some
possibilities in the right direction. Let me repeat my sentence from above with some emphasis:
Identify products witlsimilar process sequensegmentsThe process sequence does not need

to be identical for all prducts, but similar. It also does not need to be for the whole value stream,
but it is okay to do it for segments. Every step you take away from a job shop and toward a flow
shop helps!

When looking for products with similar process sequence segments)sgowauld need to

keep an eye out for the total workload. It does not help to identify one hundred products with
perfectly equal process sequences if they are all extremely rare and make up like 5% of your
total workload. Often it makes sense to start watar high runners. Surely you know the Pareto
principle, that 20% of your products make up 80% of your sales. If you get even only 10% of
the high runners on a flow line, you have gained much ground toward a flow line.

23.3 Separate Line for Flow Parts

If you have some parts that are somewhat similar for at least part of the sequence, you may
establish a flow line for these parts, at least for the sequence where they have a similar process
sequence. | have illustrated this below using the example from theyseosts.

Figure 221 Flow Line Segments in a Job Shop (Image Roser)

Often, subassemblies are more suited to flow lines compared to final assemblies, since
components often have less variation. Hence, the-starelardized congments may be a good
a candidate for flow segments.

23.4 Skip a Process, Add a Process

Please note that it is usually not a problem if you have a bunch of similar products but one
product does not need one process. In this case, you can still have a flomhéirroduct in
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guestion just moves through the process without being processed. This happens commonly in
industry.

Similarly, if there is a product that has an additional step, you may also add this process into
the flow sequence. All other products then@y skip this process that is required only for this

one product. Many combinations of this are possible (i.e., processes that are required only for
half of the products), but not the other half of the products that are produced on this flow line.

The image below visualizes this. However, in this visualization | have the lines for the products
JR 3 DURXQG" D SURFHVYVY ,Q UHDOLW\ KRZHYHU WKH SDUW!'
being processes.

Figure 222 Flow Shop &ip and Add a Process (Image Roser)

Hence, you can have processes that are not for all parts. This sometimes solves a problem in
establishing flow lines, but creates another albeit often smaller problem, namely how to balance

the line. There are differedRVVLEOH VROXWLRQV ,I LW LV D IXOO\ DX\
really care about the waiting time of this process. The products that are not processed on this
DXWRPDWHG PDFKLQH VLPSO\ JR WKURXJK WKH PDFKLQH 1
that idle due to lack of demand are very far down on our list of priorities.

If it is @ manual process, we can work with the operators moving around different processes.
Common examples arbucket brigade rabbit chasgechaku chaku line or other similar
approaches. In the simplest case for the example above, one workemcweldetween the

two partially used processes to cover them both. For very long cycle times (think hours), you
could even assign workers to this process when needed, and elsewhere when not.

e $ b i L P D e TR i
Figure 223 AnimatedBucket Brigadd.oops The original image can be found at
https://www.allaboutlean.com/flexibleanpoweilines-4/. (Image Roser)

This, howerer, does not work for a fully manned line with shorter cycle times. In this case we
may have options with mixed model sequencing, where a part that requires this process is
followed by a part that does not require it, and the worker is on average skiihgvavell. |

have written avery long series of posts on mixed model sequeritymu need more details.

Only if we cannot do automation, partial staffing, or mixed model sequenaolylwe need
a worker who idles until a part comes along, which is not good. Workers having a lot of idle
time is a big waste, and it is also disrespectful to the worker.

There are more ideas that will help you in converting your chaotic job shop irdoex Bow
shop. | will present these in my next post. Until thgm,out, straighten out your material
flow into a nice line, and organize your industry!

P.S.:This blog post was inspired by a part m@eo preentatiorby Nampachi Hayashi, which
| found through amrticle by Dirk FischerThanks to allZ.
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Figure 224 Ford finalassembly 191fimage Ford in public domain)

Turning job shops into flow shops is not easy. This is my second post explaining such
transformations as | try to help you in improving your shop floor from an (always) messy job
shop into a much more efficierow shop.

24.1 Add Flexibility

Figure 225 Be flexible!(Image Kennguru under the CBY 3.0 license)

Another possibility to consider is the flexibility of your processes. Can you change the process
so it can handle more product typékfou have some products that are milled and others that
are turned, can you use a machining cell that can do both instead of a separate mill and late?

For automated machines this may be a larger investment, but for manual processes this is often
much eaier. Can you train the worker at one process to be able to also make the other products?
You may have to provide some more tools that are required for this process, but this may be
not as expensive.

Just keep an eye out for the changeover time. If thegewver time is large, you may be forced
WR XVH ODUJHU ORW VL]HVY « RU GR D FKEMgDHRYHU RSWLPL

A common example for such flexibility is automotive assembly lines. A fesadies ago, an
automotive assembly line was dedicated to one type of car, and you had separate lines for
different models. Then Toyota started to ns&ed model lines where different car models

are produced on the same line. Currently they have linesvgeeen or more different models

are produced on the same line. This was not an easy process, and it required quite a few
specialized tools. For example, the car body is clamped down during welding and assembly.
These clamping points are different for diftnt models. Toyota built a triangular base, where
every side of the base has the clamping tools for a different model. If another model has to be
produced, the tool simply rotates to have the correct clamping points. This can be done on the
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fly, the chageover time is effectively zero, and Toyota can make multiple models on the same
production line. Now this is very common with other car makers as well.

Figure 226 Toyota Triangular Clamp Base (Image Roser)

24.2 Add Capacity

Another possibility is to add capacity. This is also visualized (albeit simplified) in the image
below. Through the strategic adding of three processes, it was possible to transform the job
shop into four parallel flow lines.

Figure 227. Job Shop to Flow Shop Add Capacity (Image Roser)

True, these additional processes will probably be not 100% utilized, but this is often a
manageable problem. As | explained in my previous post about skipping and adding processes,

for automated processesstv GRQTW FDUH DQG IRU PD QXdébSgddR FHVVHYV
rabbit chasechaku chaku linemixed model sequencin@r similar methods to distribute the
workload.

On the downside, however, you will need some investment, but this is offset witbribft

of a much more efficient flow line instead of a chaotic job shop. The benefits of a flow line are
not to be underestimated. Another problem is often the floor space. Many factories are cramped,
and there is little available space. However, asw liloe usually has much less inventory than

a comparable job shop, you will probably save space that is occupied with material. With a little
bit of luck, this is enough for the additional processes, or even a bit more.

24.3 Design Change

Another possibility igo change the design of your products so that they are more similar and
hence more suitable for flow lines. | know that changing product design is hard, but | never
claimed that turning a job shop into a flow shop is easy. However, it is often worthwhile.

Figure 228 Volkswagen Modularer Querbaukasten floor asser{iblage Ra Boe under the
CC-BY-SA 3.0 Germany license)
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Such a design change probably also has additional benefits, as for example a reduced variety of
components or ager automation through similar design. The keywords her®asgn for
Manufacturing (DFM) or Design for AssemblfDFA) or the combinationDesign for
Manufacturing and AssembDFMA). This is also commonly done in industry through

modular strategies golatform strategies. Different models from the same car maker often
contain a lot of identical parts. Often, the clamping points are identical even though the models
itself are different. At Volkswagen this would be, for example Mioelularer Querbaukaste

RU 04. IRU VKRUW DOWKRXJK LW LV QRW VXUH LI WKLV PHYV

24.4 lterate the Above

Now we have a couple of ways that can help you to turn a job shop into a flow line segment, a
flow line, or a complete flow shoghese are:

x ldentify Materials with Similar Process Sequences
X Separate Line for Flow Parts

x Skip a Process, Add a Process

x Add Flexibility

x Add Capacity

x Design Change

Figure 229 Iterate (Image Roser)

These are not a particular sequence, but ratheltet list that you should iterate through a few
times. You could. for example. identify similar materials and create a flow segment, only to
later find out that through machine flexibility or a design change you can extend the flow
segment into a flow le. Hence think things through a few times until you have collected
enough ideas for the next step.

Also, it is not always possible or even suggested to convert a job shop into a flow shop in one
major transformation. More likely, you will have to do thisdmaller steps. Create a flow
segment here, another line there, and bit by bit move towards a flow shop.

24.5 Implementation Plan
Once you have identified your flow segments or lines, it is time to implement.
24.5.1 Rearrange Processes in Sequence

Figure 230 This flow shop suck¢lmage Roser)
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Figure 231 Much better(Image Roser)

Rearrange the processes in the sequence of the flow line. A flow line benefits mostly from this
rearrangement. If the process sequence is a flow, but the material stéigagcross the shop
floor, you will loose a lot of the benefit of flow lines. & ho longer easy to see where the
material is, the material handling will be much more work, and it is tough to plan and organize.

Hence try to arrange your processes in sequence as much as you can. If a particular process is
difficult to move (very largeand heavy, built in foundations, or other constraints that make a
move unpractical), can you arrange the other processes arodiet itlore the processes are

in line, the better.

24.5.2 Organize Material Flow

Another benefit of the flow line is the easier waytganize the material flow. Can you create

a rolling lane, hanging spacecraft transport, conveyor belt, or similar mechanized or automated
transport? Or, even if you still transport it manually, can you at least create a good standard for
the material trasport? If in any way possible, make it a FIFO sequence!

At this time you should also consider how much buffer inventory you want. This is best
estimated, as aalculationwould beguite messy It may turn out that you can move the
processes much closer to each other and save a lot of valuable floor space.

24.5.3 Improve Processes and Create Standards

Finally, since you have arranged the processssquence and managed the material flow, can

you also standardize and improve the processes themselves? Now since there stwlyld be
very similar parts arriving at the processes, you may be able to tweak these processes to get
more performance out afi¢m.

As for the work assignment, can you do a fully manned balanced line? Or will yolbudée
brigade rabbit chasgor achaku chaku lin2 There are lots of possibilities, similar to any new
line layout. Covering them all would be beyond the scope of this blog post, but let your
imagination run wild.

It may look difficut or even impossible to convert your particular job shop into a flow shop.
+RZHYHU D ORW RI FRPSDQLHY KDYH WXUQHG MRE VKRSV \
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Figure 232 Airacobra fighters and Kingcobra fighters aircrassembly lin€lmage
unknown author in public domain)

The image here shows an aircraft assembly linempfuses assembly lines for large machine
tools with a takt of eight hours. There we@rebably also a lot of people in both cases that said
that it will never work, but in the end it did. It was not a smooth and easy way, and a myriad of
problems had to be solved to make it possible, but at the end it worked!

So, do you think it is possibfer your own job shop to move in the right direction and toward
a flow shop? Even for only some segments? Okay? ¢dpowt, tackle the beast of a job shop,
turn it into a (partial) flow shop, and organize your industry!

P.S.:This blog post was inspired/la part in avideo presentationy Nampachi Hayashi, which
| found through amrticle by Dirk FischerThanks to allZ.
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Figure 233 SonyWalkman (Image Binarysequenaeder the CEBY-SA 4.0 license)

Lean is most often associated with production. However, it can also be used in other areas, like
design. Bridging the gap between design and productiatesgyn for manufacturing or

design for manufacturability (DFM) anddesign for assemblyDFA), often combined into

design for manufacturing and assemblyDFMA). Lean can also be combined with lesser

known topics like design for inspection (DFI) or, more recently, design for additive
manufactumg (DFA). There are many more. Let me give you an introduction to the reasoning
EHKLQG GHVLJQ IRU PDQXIDFWXULQJ DQG LWV 3'HVLJQ IRU ;
on how to do it in subsequent posts.

25.1 The Basic ldea

Figure 234 Piggy Bank (Image Ken Teegardin under the BESA 2.0 license)

One frequent company goal is to minimize the cost of their products. Some companies are even
LQWHUHVWHG LQ WKH FRVW GXULQJ WKH SURGXBWMV DFW X
great interest to look at these costs, including material, labor, and overhead, not only where they
occur but especially where the cost is determined.

Design for manufacturing and assembly optimizes not only the function of the product, but also
the cost of making or assembling it, or even the cost across the entire life cycle of the product.
The idea itself is probably quite old, and often combined with general cost reduction through
optimizing the product for manufacturing and assembly. The rdetbelf was formalized (and
commercialized) by Geoff Boothroyd at MIT around 1977, and together with Peter Dewhurst
they developed computer software to support this in 1981. However, most examples of design
for manufacturing, etc. that | am aware of ait done manually.
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25.2 Where Do the Costs Originate?

Figure 235 Happy Money (Image denisismagilov with permission)

We need to distinguish where the cost is defined and where the cost happens. Product
development is usually not sgpensive compared to the production, and most expenses happen
in production. Yet the product design fixes a lot of the costs that happen later during production,
use, and disposal.

You may have seen a graph similar to the one below somewhere befoosvdtthk total cost

(not per part) throughout the product life cycle. To be more precise, it shows when you have
how much influence on the total cost, and its inverse, the cost that is committed over time. It
also shows the cost that actually happened. &\this graph is pretty generic, it does contain a

lot of truth. As it turns out, while product design does not cost that much itself, it does fix a lot

of the cost later on. Most of the cost happens during production, but production itself has little
influence on the costs.

Figure 236 DFMA Cost Influence (Image Roser)

This graph is very generic, and the curve for your product may look slightly different, but the
basis remains the same. Changes in the curve depend especialbdoat momplexity and
production quantity. If your product is complex, you have more development cost than a simple
product. If you produce a large quantity, the production cost will be larger than for a small
guantity. More for inspiration than for hardcta is the graph below showing you the total
incurred cost for different scenarios.

Figure 237. DFMA Cost Incurring by Part Variant (Image Roser)

116



It is often claimed that 80% (or sometimes 70%) of the total cost is determidedddgpment,

albeit a good source is never cited, simply because there is none. Barton et al thoroughly
debunked this claim. Ulrich et al actually calculated that design causes 50% of manufacturing

cost for coffee makers (all sources below). Yet, evenémiting only 50% of the total cost is
TXLWH D SRWHQWLDO $OVR EHIRUH \RX JHW H[FLWHG DEI
happen. No matter how good your design is, you still have to produce the goods and have
production costs.

Yet, if you can redce the cost even only by 5%, it will be a huge savings. | participated in a
design for manufacturing and assembly workshop where the participants initially were highly
skeptical, since they believed that they had a very finished design with no furtbetigddor
improvement. After the workshop they were flabbergasted that we were able to find potential

IRU DOPRVW Y SHU SURGXFW WKDW UHWDLOV IRU Y% 7KH)\
ZDVWH RI WLPH” WR 3RQH RI WKGH EHVW ZRUNVKRSV ZH HYH!

25.3 Design for X

Figure 238 DFMA Design for X (Image Roser)

Above | mentioned quite a few variants of a gendesiign for excellencer more generally
Pesign for X.” % XW WKHUH LV PRUH +HUH LWanaKtslodddiyhX&adW R1 D
X

Design against corrosion damage
Design for additive manufacturing
Design for assembly

Design for cost

x Design for inspection

x Design for lean manufacturing

x Design for logistics

x Design for manufacturing/manufacturability
x Design formanufacturing and assembly
x Design for minimum risk

x Design for postponement

x Design for quality

x Design for reliability

x Design for safety

x Design for short time to market

x Design for six sigma

x Design for standards

x Design for test/testing

x Design for variability

7KHUH DUH SUREDEO\ D ORW PRUH 'RQTW WU\ WR FRYHU W
for some sort of optimization, but then, all of them are just methods to optimize the design for

one aspect or another besides the product functionality. Pleasselthat it is quite possible

to look at more than one during the same workshop, but you should not overdo it. If you focus

X
X
X
X
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on everything, you focus on nothing. The most common workshop is a combination of design
for manufacturing and assembly, sinceytlare also thematically very close.

Within this short series of posts | will also focus more on design for manufacturing and
assembly. My next post will look at the basic prerequisites for a design for manufacturing and
assembly workshop, and subsequenstp go into more details on the different levers and
aspects that can be used to improve the design. Until then, stay posigalpahdnd organize

your industry!

25.4 Sources

X %DUWRQ - 'RXJ /RY HesQEterniias @dbf Gost? A Review of
Implications for Design EvaluatioriJournal of Engineering Design 12 (March 1, 2001).

x Ulrich, Karl T., and Scott AD Q 3 H Db¥RAQodiict Design Really Determine 80% of
Manufacturing Cost? :RUNLQJ 3DSHU &DPEULGJH ODVV x $OIUHG
Management, Massachusetts Institute of Technology, 1993.
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Figure 239 Swatch (Image Khalid Mahmood under the-B&SA 3.0 license)

Design for manufacturing (DFM) and design for assembly (DFA) or its combination, design
for manufacturing and assembly (DFMA), as well as its ngesign for Xvariants are a way

to improve a design beyond its mere functionality. In my last post | gave you a basic
introduction. This post will look at the prerequisites for organizing a design for X workshop.
Subsequent posts will look at the different questions you can ask terfuddsign for
manufacturing and assembly.

26.1 Which Part to Analyze and For What

Figure 240 Common and exotic par(Bnage Ana Santos & SMasters under the BYC2.0
license)

Design for manufacturing (DFM), assembly (DFA)(DFMA), iospection (DFI) is usually

done for only a few parts or products at a time. Hence, the first step is to decide which parts to
look at. The most interesting parts are naturally parts that have a large production volume, or a
large share of the revenue or erges. There is just more potential to optimize the high runners
than the exotics.

<RX FDQ ORRN DW D VLQJOH SDUW DW D WLPH RU PXOWLSC
number of parts you can look at depends on the complexity and sindgtitg parts. If it is a

simpler product like a faucet, you probably can look at multiple similar products in one
workshop. If it is a more complex product like a dishwasher, you may look at only one product

at a time. If it is even more complex like a,cgou may look only at components but not the

entire car.
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Figure 241 Complexit ofCar, DishwasheyFaucet(Car chapay in public domaijn
dishwasher Carlos Paes in public domain, faucet Matthew Bowden in public domain)

Overall, you have to judge how much a team can look at and consider reliably within the time
for the workshop. The goal is to go more into depth rather than width to find improvement
potentials.

Figure 242 Iterate! (Image Roser)

For eactpart you want to analyze, you should go through the bill of materials and look at every
part or component. Ideally, not only once, but in multiple iterations to see if an idea for another
part later on can also be used for a previous part that was alve&dy at.

26.2 When to Do It

Figure 243 Engine drawing (Image Andy Dingley (scanner) in public domain)

Design for manufacturing can be done anytime, but it makes the most sense during the design
process. ldeally, you already havefted but not yet refined a design when you improve it for
manufacturing. It is also possible to do this with a more complete design, although in this case
you may have to redo previous design efforts to make the part easier to produce. On the other
hand,this has the advantage that a more complete design allows you to see more problems.

You can also do a design for manufacturing for completed parts that are already in production.
The benefit is here that production already has lots of experience witarthamq knows a lot

of the problems, and maybe even some ideas on how to improve it! On the other hand, any
design change involves an often lengthy process in changing the plans, changing the tools,
adjusting the standards, recalculating the costs, amg mare. Nevertheless, it can be worth

it, and | have done successful design for manufacturing workshops for parts that were already
on the market for some time.
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26.3 More Than Just a Checkbox

Figure244 & KHFNER[HV (hiGgeFKdark3ee Vectorimages in public domain)

In some companies, design for manufacturing is a mandatory checkbox on the design checklist,
which then dutifully gets checked by a (probably also overworked) designer after thinking about
it for less than a minutdhe formalities are satisfied, but the part is still the same as before.

Real design for manufacturing will take more time, and is usually a group effort. It takes at least
half a day to analyze a part and determine the potentials. And this does natchvea the
actual changef the design, which follows afterwards.

26.4 The Challenge of People Working Together

One of the underlying problems is that often designers and manufacturers live in different
corners of their corporate world. Designers know littlewt the problems of manufacturing.
Similarly, manufacturers know little about the problems of designers. A good design for
manufacturing workshop can also help to educate one side about the problems of the other side
and vice versa. | had examples whéeworkshop was quite eye opening both for the designers
and the manufacturers.

Hence, to optimize a design for manufacturing, assemblgspection, you would need to get

a small group of people together to look at the part in question. The benefitringing both

design knowledge and manufacturing and assembly knowledge or even inspection knowledge
into the same room. Especially in larger companies, the design department has little interaction
ZLWK WKH SURGXFWLRQ DQG Ye, Way tdohndny Bxpefevidés kvbe@ theR U P\
design department just dumped the design on manufacturing, and then it was no longer really
their problem but the problem of manufacturing.

Since it is an additional effort for the design department with benefit plyméor
manufacturing, manufacturing is usually all for it, but design is quite hesitant. Especially since
sometimes manufacturing uses the opportunity to blame design for everything that went wrong
in the past, which of course upsets design. Therefoa&jng a design for manufacturing
workshop should involve people from different departments, and should be initiated by some
higherups who have hierarchy over both the design and the manufacturing department.

A typical team often involves one or two desgs of this product, one or two people
manufacturing and assembling this product (both operator and supervisor), a person from the
construction of the corresponding machines and tools, a person from service if you want to
include service, and maybe a masagr moderator. The emphasis is garticipants from
manufacturing and/or assembly as they bring crucial knowledge to the workshop. A team
consisting only of designers will give a much smoother and coffifiet workshop, but will

miss out on much of thenprovement potential.
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26.5 Bring Samples and Documentation

Figure 245 The bill of materials for a ballpoint pgiimage Roser)

It is really helpful for a design for manufacturing workshop to have samples of the products to
look at and to disassemble. It is even better if you also have products from the competition too.
Make sure you also have some tools to take them apart. Depending on your or your competitors
product, you should make it clear if some parts must not be damagedgalihe easier if all

parts are replaceable and can be ripped apart. If you need bigger tools like a band saw, make
sure they are available and there is someone who knows how to use it.

It is also necessary to have the bill of materials (if it is annalsiyeprocess) and the process
sequence or work instructions. Going through these step by step gives a lot of ideas for
improvement.

26.6 Caveats

There are a few common mistakes when doing a design for manufacturing workshgpoal

is to optimize the overallcost, not only the cost of the partThere will be instances when a
moreexpensive part can make the total cost go down because it is easier to manufacture or
assemble. The challenge here is that these cost relations are often not clearly visible ahd depen
a lot onguesstimates

Functionality has priority! Even with the cost savings, the part should still work as intended.
6DYLQJ PRQH\ DQG PDNLQJ SURGXFWYV WKDW QR ORQJHU ZF
be aware that there is often a gray zone, whaore of something would be better for
functionality, but it would still work without. If the discussion gets heated, some may
exaggerate and claim that a minor change in something will totally ruin the product. Maybe

they are right, maybe not.

Figure 246 Does it matter{Image Antorunder the CEBY-SA 3.0 license)

My common example for this is a coating for a pump in a luxury brand automobile that prevents
VXUIDFH UXVW EXW FRVWYV % SHU SXPS 7KH IXQFWLRQDOLI
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never even see the pump unless they crawl underneath their garthdéess, there was a lot
of argument for the coating with the claim that rust may damage the brand reputation.

26.7 Summary

The steps above will help you to organize a successful design for manufacturing workshop. For
more details on creative problem solvisge my post olly Workshop Structure for Creative
Problem Solving

In my next posts | go into the actual questions that you should ask (repeatedly) during a design
for manufacturing wrkshop. Until then, stay posted. Nogg out, consider which parts can
be produced easier, and organize your industry!
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27 ' HVLJQ IRU ODQXIDFWXULQJ 4XHVWLRQV

Christoph Roser, June 30, 2020 Original at
https://www.allaboutlean.com/dfr&l

Figure 247. Milling Example (Image ZM2010WL-BBW-Soest under the GBY 3.0 license)

After two post on the basics and workshop structure, | can finaltytetgo into the details of
which questions to ask falesign for manufacturing (DFM). In subsequent posts | will have
more questions on design for assembly (DFA), which can of course be combined into design
for manufacturing and assembly (DFMA).will also have a brief refresher on creativity
technigues/ HW{V VWDUW DVNLQJ TXHVWLRQV

27.1 Design for Manufacturing Questions

Figure 248 Milling Machine (Image Kitt Amaritnant in public domain)

Design for manufacturing looks for costtpotials during manufacturing. The details here are
very part specific, but creativity can be inspired by a series of questions. Here | look in particular
at design for manufacturing. This excludes the related design for assembly, which | will discuss
later. Hence, manufacturing is any type of casting, forging, cutting, or similar operations that
do NOT assemble the product. Although, there may be quite a bit of overlap in the questions.

27.1.1 Can You Use a Softer Material?

Processing cost for cutting processes/rdepend a lot on the hardness of the material. Using a

hard material may take more time, and a softer material may be handled with increased cutting
speed and/or depth, reducing processing time. The harder material may also wear out the tool
faster, or gen increase the wear on the machine due to the harder chips that are created. For
example, can your replace hardened steel with normal steel, or normal steel with aluminum, or

aluminum with plastic, etc?
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Figure 249 Beryllium c@per; copper; inconel; steel; titanium; aluminum; magnesium
(Image Bill Abbott under the GBY-SA 2.0 license)

Overall, a softer material may be able to reduce the machining cost, as long as the function is
still adequate.

27.1.2 Are There Cheaper/Better Production Processes?

It may be possible to replace an expensive process with a cheaper or better production process.
This is especially useful if you have not yet purchased the machines or tools. Can you change

the design so a thresxis milling machineVV VXIILFLHQW DQG \R Xxe®&&VvVeW QHHG
five-axis milling machine?

Figure 250 Bicycle hub (Image Juergen Brauckmann in public domain)

Another example is to replace an expensive-taatpart with formed sheet metélften, sheet

metal parts are much easier to produce than cast parts. For example, Papst Manufacturing was
THE bicycle company around 1890. Their bicycle hubs were made from cast steel. They were
extremely strong, but also very expensive and heavy. Its etitmpWestern Wheel Works
designed these hubs using sheet metal, which was much more profitable and popular, and that
helped them to overtake their competitor.

Especially with plastic injection molding, undercuts is a big topic. Every undercut requires an

oftencomplex mechanism in the mold to handle this undercut. Every single undercut can easily
add tens of thousands of euros to the cost of the mold. Luckily, any mold designer worth his
money is already trying to avoid undercuts. But see if maybe yoredaose them even more.
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Figure 251 Undercut Example Injection Molding (Image Roser)
27.1.3 Can You Reduce the Number of Process Steps?

Figure 252 Shortcut (Image Roser)

Another big question is if you caaduce the number of process steps. Every additional process
step increases handling, transport, waiting, and a lot of other factors that can cause additional
cost. You may not always find potential here, but it is possible.

27.1.4 Can You Loosen the Tolerances?

Tolerance limits are hard to define. Make them too lose and quality suffers. Make them too
tight and costs go up. The design department is measured, among other things, on product
quality but not so often on product cost. Hence, in case of doubt deggntrdents will often

go for tighter tolerancesProduction, on the other hand, is more often measured on the
production cost, and would like to have loser tolerances. These conflicting goals are
complicated by the fact that most tolerances are not badeardfacts but rather on gut feeling

and opinions. Arguing based on opinions has a lot of conflict potential. Yet, often there is also
potential in loosening tolerances and therefore reducing manufacturing cost.

27.1.5 Can You Use Common Parts?

Figure 253 CostVolume See Saw (Image Roser)

The use of common parts is often a big potential in design for manufacturing. This overlaps
later with design for assembly where we try to reduce the number of part variants. Rather than
having a cusim-designed part for your product, it may be better tage a part that you have
already designed. Or even better, can you use aheffhelf standard part?

The more common parts you have, the larger the production quantity for these parts. Larger
guartities benefit from the economy of scale. It is usually cheaper per part to make twenty parts
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assembly.

27.1.6 Can You Simplify or Eliminate the Set Up?

Figure 254 Eliminate the seup?(Image Beadell S. J. in public domain)

It may also be possible to change the part design to simplify thgosetthe changeover. This

topic crosses into the topic of changeover optimization, also kno@ia. Can you design

your parts in a way that makes it easier to change your machines from one part to another? Or
generally cheaper to set up the part in a machine?

For example, in the early histooy American industrialization, John Hall managed to introduce
interchangeable parts to gun making around 1800. Interchangeability required precision, and to
make precision manufacturing easier, Hall used a reference point that he called a bearing point
to his parts. This was the starting location for any dimensions measured or gauged, simplifying
the later manufacturing processes.

Maybe you can eliminate the sa@b altogether? Can you design your part in a way that it is
machined only from one side, elimtiveg machining on the other side and hence eliminating a

set up altogether. There are parts out there where the machining itself takes mere minutes, but
the setup requires hours of labor and downtime of the machine.

27.2 Creativity Techniques

These design fomanufacturing techniques require creativity and new ways of thinking to
improve your product design for better manufacturing and/or assembly. This is a good time to
use creativity techniques. Probably the most common one (but also a bit boring) is
brainstaming. For more on this see my pégiw to Do Brainstorming

Figure 255 Creative Brain (Image kirasolly with permission)
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Figure 256 Stressed Worker (Image Wayhome Studio with permission)

But there are more techniques out there. One of my favorites is creative provocation, where the
moderator tries to figure out where some unsolved problems are based on the discussion. Next
the modertor adds an artificial limitation by requiring the team to design a part that avoids this
problem altogether. For example, in one of my previous workshops, the team had trouble
finding a good way to bring a workpiece carrier back to the beginning ofrige llithen
challenged them to design a line without any workpiece carriers. The resulting solution amazed
them. Again, this creative prevocation is one of my favorite creativity techniques. For more see
my post orcreative provocatian

This post looked at how to make manufacturing easier. My next posts will look at how to make
assembly easier. This design for assembly has a lot of potential, and | have a total of three posts
looking only at design for assembly. Nogg out, make your pats easier to manufacture,

and optimize your industry!
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28 'HVLJQ IRU $VVHPEO\+3DHUWWLRQV

Christoph Roser, July 7, 2020 Original at
https://www.allaboutleanam/dfma4/

Figure 257 Assembly Line (Image Siyuwj under the-B&SA 3.0 license)

In my last posts | discussed basics and workshop preparation for design for manufacturing and
assembly (DFMA), as well as the questions for dekgmanufacturing (DFM). The juiciest

part, however, is the options for design for assembly (DFA). This post starts with the specific
TXHVWLRQV WR DVN IRU GHVLJQ IRU DVVHPEO\ +RZHYHU
able to fit them into one by post, and this will continue in subsequent posts. Anyway, let me
show you how to do design for assembly.

28.1 Design for Assembly

Figure 258 Kuka Industrial Robots assembling car bodies. Image by Mixabest from
Wikipedia and available under the €&Y-SA License (Image Mixabest under the BESA
3.0 license)

While design for manufacturing looks at the cost of making a part, design for asseokisly

at the cost of joining parts together. These two approaches have a lot of overlap, and should be
looked at together to achieve an overall cost improvement. Nevertheless, | will discuss them
here separately for didactic reasons.

28.1.1 Can You Reduce the Num ber and Complexity of Fasteners?

Particular attention should be given to any kind of fasteners like screws, clips, nuts, spacers, or
washers. They are often good candidates for either simplification or removal. This overlaps

partially with subsequent quésts, but since fasteners are such a juicy topic for optimization,

| have them here separately. Hence you should go through your bill of materials and look at all

fasteners. You may skip glues and lubricants. There are products out there where-tived one

of the bill of materials are fasteners. While an individual fastener may be quite cheap, the
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number of all fasteners may make this the most expensive group of a product. These have a lot
of potential for improvement.

For all fasteners, try to go towaadsimpler or easieio-use design. In general, screws are the
most expensive solution. You may reduce some effort by using nuts that include washers, or by
using self tapping screws. Rivets are usually cheaper than screws, with tubular rivets or self
pierdng rivets being even cheaper. Nails may be an option, as would be a pin to secure
something or a wedge to hold it in place. Gluing, welding, or soldering is often even cheaper
than rivets. Joining by forming may also be possible, where you simply bauidl ta secure

the part in place. There are thousands of different techniques out there if you want to attach part
to each other. The challenge is finding out which one is the cheapest for you.

Figure 259 Fasteners (Image Roser)

Figure 260 DFMA Plastic Snap Joint (Image Roser)

Plastic parts especially are often designed to snap into each other.shbhpsmints make
assembly a breeze (although disassembly is often a bit trickier). However, it isagsitgeto

design such snap joints also for disassembly. Due to their large cost advantage, this type of
connection is very common in plastic products.

28.1.2 Can You Reduce the Number of Parts?

Another key question to ask is if you can reduce the number of ptrés than fasteners, which

we already looked at). You should go though the list of all parts in your bill of materials, and
check every one to see if it is needed. The less parts you have, the less assembly you have to
do. Beyond that, this also meawesd part variants and therefore less inventory, less logistics
effort, less chances of running out of stock, and a whole lot of side benefits.

Fundamentally, there are two ways to eliminate a part from your design. You canegitbee

the part completely, or you canmerge two parts into one part In the latter case, the
manufacturing cost of the single part may go up, but the manufacturing cost for two parts in
total may go downYou will have additional savings in assembly and logistics.
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Figure 261 DFMA Two Parts Eliminate One (Image Roser)

There is actually a whole logic tree to determine if parts have to be separate. This is based on
three primary aspects: Is them®vementof the part relative to other parts? Parts that have
movement relative to the other parts usually need to be separate parts. In a second step you may
ask if this movement is actually necessary or if it can be avoided. You can also ask if the
movement or the function in general is also possible withoup#ris

If there is no requirement for movement, then another consideration is if the part is made from
a differentmaterial. If the part is indeed a different material, it is necessary to find out why it

is different. Often, different materials have a fuoieal requirement behind them. For example,

it may be needed to isolate electricity or heat from other parts. It may also be simply for
aesthetics or optics. Nevertheless, you can check if this functionality would also be possible
with the same material.

Finally, if the part is the same material and not moving, you may determine if it needs to be
removable fomaintenanceor also adjustable. It may be helpful to have a separate part to make
repairs easier. A related example would be car headlights, wireserhe cars you have to
exchange the entire headlight unit just because a bulb or a LED burned out. If the part is
removable for maintenance, check if this is truly necessary. Also check if you can achieve
maintenance or adjustment without a separate part

If none of the above reasons require movement, different materials, or maintenance, you may
consider removing the pa&n overview of this decision tree is shown below.

Figure 262 DFMA Logic Tree Remove Part (Image Roser)
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There may be a few more exotic reasons to keep part separate. If so, the design team will surely

know. Anyway, every part you remove omits one step from the assembly location, and also
eases the load on the supply chain.

This reduction of the number of pais often a big potential in design for assembly. However,
there is more. A lot more, in fact. | have two more posts only on design for assEmbhg

up. In my next post we will look at reducing the number of part variants. jl@wut, reduce
your part count, and organize your industry!
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29 '"HVLJQ IRU $VVHPEO\+3DHUWWLRQV

Christoph Roser, July 14, 2020 Original at
https://www.allaboutlean.com/dfr&

Figure 263 Industrial Valve Manufacturing And Assembly Factory (Image The Light Writer
33 with permission)

Design for assembly (DFA) is a large part of design for assembly and manufacturing (DFMA).
In my last post | looked at how tmprove fastener design and usage as well as reduce the part
count. In this post I will look at reducing the number of variants, secondary processes, and
making handling easier. This post continues my previous post with questions that can be asked
in design for assembly.

29.1 '"HVLJQ IRU $VVHPEO\ FROWLQXHG«
29.1.1 Can You Reduce the Number of Part Variants?

Figure 264 Identical and Norldentical Screws\{arious screws$laragayato under the GC
BY-SA 2.5 licensedentical screw$&sawka undethe CCBY-SA 3.0 license)

If you cannot reduce the number of parts, then maybe you can reduce the number of part variants.
7KLV ZRQYW VLPSOLI\ WKH DVVHPEO\ DFWLRQ LWVHOI EX
assembly. The material supply directlytlae assembly needs less boxes or pallets since there

are less part variants. This reduction of part variants goes back in the value chain. Wherever
you had two or more part variants that had to be ordered, stored, and tracked separately, you
now have onlone.

This one part variant is therefore also ordered in larger quantities, which may reduce the price.
Even more important, larger quantities have, in general, less fluctuations, and you are less likely
WR KDYH H[FHVV SDUWYV « R Upai RaridiX (DatRsXr&duded eimihhwsva (Y HU
complete logistic chain to provide this part, and makes the logistic chain for the common variant
easier due to higher volume. Just as a bit of information: It is estimated that simply adding and
maintaininga paty DULDQW LQ WKH (53 GDWDEDVH FRVWYV FDU PDN
the lifespan of the part. For lesemplex products this can still be a couple thousand euros.
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Any part that is eliminated before the design is finalized saves quite a bit of thomagh this
reduction alone.

A reduction of part variants can be done through standard parts. Often, fasteners are a good
WDUJHW IRU WKLV EXW \RX VKRXOG FKHFN DOO SDUWYV LQ
example. You could try to limit yarself to two or three types of screws for one product. Or
expand this to five types of screws for all products of an assembly line. Or have only ten types

of screws in the entire plant. Or maybe only fifteen types of screws in the entire company. Or
limit the different types of screws to the entire world.

Figure 265 8 differentScrew Threads (Image Roser)

The last one may be strange to most of the world (outside of the US and UK), where everybody
uses standard metric screws tlbamme in fixed diameters and lengths. But some countries
(especially US and UK) still use different screw standards besides metric. There is the unified
thread standard fine and also coarse, or British Whitworth also fine and coarse. The image here
are alldifferent screw threads of different standards. As you can see, these are easy to mix up,
even though they are all incompatible to each other.

As a counterexample, | once worked with an assembly line that had M5 metric screws 30mm

long with a cross slotdzidrive head. There were two types of screws of this type. One had a
QRUPDO EODFN FRDWLQJ 7KH RWKHU VFUHZ KDG D VSHFLEL
one screw of each, andtry as | might £1 could not tell the difference! The employees
eventudly pointed out a truly minor difference (a corner of the cross slot was a bit shinier on

one screw than on the other). Keeping these two screws apart was nearly impossible, and |
assume lots of products left the plant with the wrong type of screw. Usinpg e type may

have made it much simpler.

Figure 266 Open Desktop Case (Image Dilnder the CEBY-SA 4.0 license)

Another approach to reduce variants is a modular design. You build custom products using
standard components.h@se standard component can then be ordered in larger numbers.
Common examples are desktop computers where a wide variety of desktops can be build using
standard components. Another example are many modern cars, where car makers aim to use
similar componets in the vehicle that are invisible, and only the parts visible to the customer
are customized.
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On a very related side note, one HUGE way to reduce the number of part variants is to reduce

the number of product variants. Do you actually need this prodam? it give you enough

market share and profit to justify the expense of developing it as well as adding lots of additional
parts to the value chain? Many companies | know would be in dire need of reducing the number

of product variants. Yet, for import@W UHDVRQV OLNH 3SWUDGLWLRQ =~ 3Y%
GHSDUWPHQW QHHGV MXVWLILFDWLRQ ~ RU 3QRERG\ FDUH
increasing every year, often beyond what is reasonable.

29.1.2 Can You Eliminate Secondary Processes?

In some cases it &y also be possible to eliminate secondary processes. This is probably not
guite as common as eliminating a part or reducing variants, but it should be checked anyway.
Can you avoid any type of welding, soldering, or gluing. How about painting, hardening,
lubricating, and coating? What about cleaning and washing? Or can you reduce the amount or
effort needed for testing by making the design more mistake proof? Again, this is often not
possible, but it may still be worthwhile to check.

29.1.3 Can You Make Them Easi er to Handle?

Figure 267. One can entangle, the other one (lotage Qz1lWnder the CEBY-SA 3.0
license)

Another question you may ask is if you can make the part easier to handle. Is it slippery or
small? Does it have sharp ed@ds it easy to grasp? For thin and long parts, is there a risk of
entanglement? This is especially true for springs and similar products like paper clips. The
image here shows two types of springs. One with open ends can entangle easily. The other one
with closed ends is much less likely to entangle.

Figure 268 Vibrating Bowl Feeder (Image Richdsupublic domain)

Some smaller parts may be separated and oriented for a machine in an vibrating bowl feeder as
shown here. Dependjron the part shape and design it may be easier or more difficult to provide

a reliable orientation in such a bowl feeder. Maybe a small design change can make this process
easier? This question does not always yield results, but it should still be asked.

In my previous post | looked at how to improve fastener design and usage as well as reduce the
part count. Here we looked at the number of variants as well as secondary processes and
handling. Hence, we already have a lot of angles in which we can redsemldy cost.
However, | have one more post with questions specifically on design for assembly, looking at
the possibility of making assembly easier. Ng@,out, reduce the number of part variants,

and organize your industry!
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Figure 269 Tractor Assembly (Image Oskanaith permission)

This post finally concludes my list of questions to ask for design for assembly (DFA). | myself

was surprised that there is enough material for three posts, and this does not even include the
introductions and the design for manufacturibigy SHFWYV ')0 $Q\zZD\ OHWY{V KD
how you can make assembly easier.

30.1 '"HVLJQ IRU $VVHPEO\ FRQWLQXHG HYHQ PRUH«
30.1.1 Can You Make Them Easier to Assemble?

Figure 270 Sony Walkman (Image Binarysequenoéder the CEBY-SA 4.0license)

Another question to ask is if you can make the parts easier to assemble. This is again one of the
bigger questions that often have lots of potential. There are also multiple aspects on this
guestion. Design the parts so that they caadsembledrom only one side This onesided
DVVHPEO\ DYRLGY UHRULHQWLQJ WKH SDUW GXULQJ WKH D
part onto which additional components are added. It is recommended to have this assembly side
top down, rather than sidewaysupsidedown assembly (yikes!¥ravity is your friend here.

Figure 271 DMFA Assemble from one Side (Image Roser)
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Figure 272 DFMA Upside Down Mounting (Image Roser)

Many modern electronics are builsing this concept. One famous part that was designed
especially with this assembly from one side only was the original Sony Walkman in 1979. One
example that | witnessed did this (initially) spectacularly wrong. It was the assembly of a simple
springloaded valve, where a small steel ball was pushed into the valve by a spring until the
pressure became too great and the valve opened. The original vision of the automation engineers
was to mount this upside down. The ball was supposed to be balanced gndha tool,

followed by a spring before closing the valve. | am sure you can see a lot of things that can go
wrong here. After some feedback, they decided to simply drop the ball and the spring top down
into the valve.

Figure 273 DFMA Easy Access (Image Roser)

Assembly in one axis only also helps with another aspect of easy assemblyassehely
location visible and easily accessibte If the worker (or even the robot) cannot reach the
assembly location well, it will take mertime and effort, and also has more risk of mistakes.
The same if the worker cannot easily see the location (although this is less of a problem for
robots). Can you design the part in a way that all assembly locations are easily visible and
accessible?

Figure 274 Black Front Car seat parts before assembly (Image Mith permission)
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A good example for this is car seats. They are bulky, and if you design them not so well, the
screws are hard to access underneath the seat afd/@w. Try to put the screws in a location
where they are easier to reach and see, even though it may still be a bit cumbersome.

Figure 275 DFMA Symmetry USB Type A, Type C Headphone Jack (ImageAavas in
public domain)

Another major factor that simplifies assembly is to hewametric parts, especially when one

part needs to be inserted into another one. The more symmetric a part is, the less time is needed
to find the correct orientation. An example you are all famiiagth is the USB Type A
connector. It fits in only one way. In my case | often need three tries to get it in. An improvement

is the USB Type C connector, which has axial symmetry and can be inserted in two different
orientations. Even better would be tleamon headphone jack, which as radial symmetry and

can be inserted in any orientati@delow is another abstract example.

Figure 276 DFMA Symmetry (Image Roser)

Figure 277. DFMA Hidden&Obvious Asymmast (Image Roser)

Please note, however, that there are cases where the part has to be in exactly the correct
orientation later on. In this case it may be best to have as little symmetry as possible so that the
part can be assembled only in one correct tat@n. This asymmetry should also be not a
SKLGGHQ IHDWXUH =~ EXW FRPSOHWHO\ REYLRXV GXULQJ DV\
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Figure 278 DFMA Self Locating (Image Roser)

Another factor to check for is if the parts amdf-locating andself-aligning. When putting the

parts together, do they fit together easily or does the worker need to pay careful attention to
make them fit? Often, adding a chamfer makes parts easier to join, or having additional features
that make positioning easier.

If you can have arts that can be assembled watie hand onlyit will be easier than with two

hands. If you need three hands or more, it becomes even more complex, as by the nature of
hands you need more than one person to do the assembly. In genepafsmmeassembig

better than two, and one hand is better than two. It may not always be possible, but it may be
worth a look.

Finally, depending on the quantity you produce, you may consider making assasiblyfor
machinesand robots. For example, robots have maffecdlty inserting a screwdriver into a
screw. A slotted screw has only two positions how to enter the screwdriver-sirtied drives

and Robertson screws have four positions with 90 degrees in between. Hex screws and Torx
screws have six possible pi@ns. There are screws with even more positions, like the triple
square (XZN), which has twelve possible positions. The more positions you have, the easier it
is for a robot screwdriver to handle the screw.

Figure 279 XZN Screw for Automation (Image Roser)

There may be other ways to design parts for easier automated assembly, giving the machine
additional clues to recognize and orient the part correctly. Of course you need those only if you
actually plan to use automated assbnfitr these parts.

30.1.2 Can You Avoid Adjustments?

Depending on your product, there may be small adjustments as part of the assembly process.
Can you eliminate these adjustments? Can you design the part in a way that an adjustment is
no longer needed? This qi®n may not be relevant for all products, and may not yield results

for those products that do have adjustments. However, in manufacturing history, it was one of
the major productivity gains. Before there were interchangeable parts, assembly was mostly
filing parts down to fit the other parts. Assembling a car in 1900 required more than half of the
time for filing things down.

Figure 280 Do you need to make it fi{fmage Dake under the GBY-SA 3.0 license)
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While you probably do have mostigterchangeable partare there some that are not? Are
there some mbandmatch operations or steps to make things fit? These still exist in may
products, and can be found even in automotive.

30.1.3 Can It Be Assembled Incorrectly?

Can your partbeassembled incorrectly? This topic correlates with the-lwedwnpoka yoke
or mistake proofig. Design your parts in a way so that they can be assembled only in the correct
position as well as used only in the correct position.

While this post concludes the list of questions on design for manufacturing and assembly, there
is still much more out #re. These are often summarized as Design for X, which will be the
topic of my next post. Nowgo out, make your parts easier to assemble, and organize your
industry!
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Figure 281 DFMA Design for X (Image Roser)

In my last couple of posts | looked at design for manufacturing and assembly DFMAvetow

there is more out there. Often, they are groupedessgn for X, where X could be anything
related to the product life cycle, including development, production, shipping, servicing, use,
disposal, and many more. There seems to be a large numberesdmtess welknown terms

that are used somewhere. Many of them claim to be essential, but not all are. If you try to do
them all, you will never get the design done. Focus on the ones that are most promising for your
case. After all, all designs aregigned for something, usually a tragii of functionality versus
cost.This is sometimes also known @ssign to cost

31.1 Design for Inspection

Figure 282 Inspection oProcesgImage unknown author in public domain)

Design for irspection aims (unsurprisingly) to improve the design for easier inspections. Here,
inspection most often means inspection during and shortly after manufacturing to ensure that
the parts are produced within the tolerances. Since there is usually muctsjesgion than
manufacturing, the potential is also less than design for manufacturing and assembly.

Nevertheless, if your production process has a lot of inspection, you may consider checking
your options here. This overlaps quite a bit witklokg the idea that machines stop
automatically if there is a problem. The famous example is the Toyoda Model G loom, which
stops automatically if a warp breaks as shown in the video below.

The Video B AllAboutLean.comLY DYDLODEOH RdaQodaRWdeXE& Waip Break
Auto Stop Dnhwps://youtu.be/PdGcefHucmKce

For this warpbreak auto stop, there was no need to change the design. However, in other cases,
a small design change may make detection much easier. For example, the flammable gas used
for cooking and heating in many houses is naturally odorless. If there would be a leak, no one
would know until the whole house explodes. Therefore, the gas ptichenather gas that has

a very strong smell of rotten eggs. Your nose can now detect a gas leak, and you can take
countermeasures (turn off gas, open windows, evacuate, etc.)
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31.2 Design for Maintenance

Figure 283 Tire change (Imag@&rix and friends under the GBY 2.0 license)

Design for maintenance aims to make maintenance and service operations easier. This is often
neglected, since service and maintenance is often paid for by the customer. It is also sometimes
used to increase pibby enabling the sales of more goods. For example, in some cars you have
to exchange the entire headlight unit if a light bulb is burned out. The cost for the consumer is
much larger, as is the profit for the company. Some car makers also put theibdigedto-

access locations (behind the wheel, under the driver seat, etc.). In sum, design for maintenance
is not an issue for many companies, although you can make life easier for your customers.

31.3 Design for Logistics

Figure 284 Amazon Tetris Truck (Image Amazon with permission)

Design for logistics is yet another topic related to but significantly smaller than design for
manufacturing and assembly. The goal here is to reduce logistic costs. Often, this is more about
the packging than the product itself. Can you make the packaging so it fits well into a larger
container or onto a pallet? A good package fits well onto standard pallets. Is the packaging
robust enough? More robust packaging may be more expensive but may sayeomone
additional padding for shipping. Is it easy to repack and track?

Figure 285 lkea Warehouse (Image W.carter in public domain)

A good example here is lkea, the famous Swedish furniture store. The concept is that the
customer assembles the furniture. The packages of lkea are designed to be as compact as
possible, so the company ships less air and more products. This compact paokage more

easily be carried. If the product is too big, lkea uses multiple smaller packages rather than one
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big one that the customer can no longer lift. They are also using more and more renewable
packaging material, including honeycomb paper insestead of plastic foam.

31.4 Design for Administration

Figure 286 DFMA Bad Interface Design (Image Roser)

This one falls a bit outside of the scope of the other Design for X approaches. First of all, | just
made the term up. Secoatlall, here you optimize not a product but an administrative process

or service. Can you design your paper forms or computer interfaces in a way so that they are
easy to use? Are the forms easy to understand using a language that the audience can
undersand? A form used by engineers can, for example, be more technical than a form used
for the layman. Is it clear where to fill things out? Does the color coding of a software interface
help? Are certain steps even necessary?

| once came across a person whioseit was to compare the results of one computer with the
UHVXOW RI DQRWKHU FRPSXWHU WR VHH LI WKHUH ZDV DQ\
HYHU IRXQG D GLIIHUHQFH DQG KH VDLG 31R EXW ,fYH EH
luVW IHOW VRUU\ IRU KLP $Q\ZD\ HYHQ WKRXJK , MXVW FUF
| believe the idea behind it is quite viable.

31.5 Design for Additive Manufacturing

Design for additive manufacturing is a more specialized topic if you designfpadD printing

and similar production approaches. This is often specific to the technique employed. For
example, laser sintering has difficulties in getting the powder out of long, thin tubes. Fused
Deposition Modeling, on the other hand, needs sumgbarttures for overhangs. Laser sintering
may need these too, due to the thermal expansion and shrinking of the part during production.

Figure 287. 3D printed titanium part for Airbus A380mage Roser)

Other aspects are less specific to the 3D printing technique. Since there is a lot of flexibility in
the geometry, it is possible to design parts in an almost ndbotdhg shape, where you add
material only where needed and leave it out where not. Midigei of parts also often have a
honeycomb or lattice structure to provide stability while reducing weight and production time.

31.6 Design for Interchangeability

Figure 288 Shower Valve Handle and Hand Shower Holder (Image Roser)
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If you make multiple similar products, it can really help if they are interchangeable. This makes
upgrading or downgrading much easier. For example | have a normal shower handle valve. |
would have liked to exchange it with a higher grade temperature dedtsblower valve. The

valve sits in a plastic box in the wall for easy installation and maintenance. Unfortunately, this
plastic box is not compatible with the temperature controlled valves from the same brand
Upgrading would now require chiseling owrpof the wall.

Another example from the same shower. The hand shower was in an angled holder. To save
space in my shower | wanted to replace it with a straight holder from the same brand as shown
in the picture. For some unknown reasons the holes stithight holder were 5mm more apart

than in the angled holder. | managed to get the screws into the same drilled holes, but it was not
a pretty proced:l. A little bit of foresight during design would have my process easier, and the
maker could have solchather shower handle valve to me.

31.7 Design for Environment

Figure 289 Green city (Image 9comeback with permission)

Another aspect relevant nowadays and probably even more relevant in the future is the design
for environment alonghe entire product life cycle, or the very similar design for recycling
focusing on the product end of life stage. The goal here is to reduce the overall impact on the
ecosystem.

This can have multiple aspects. Are your materials and energy from a remeoatie? Is the

material biodegradable? Or is it even recyclable with reasonable effort? Anything can be
UHF\FOHG LI \RX MXVW SXPS HQRXJK PRQH\ LQ EXW LI LW
disassembled easily for recycling? Or can it be everedeas refurbished to avoid recycling

for one more life cycle. Is it energy efficient and/or carbon neutral?

There is a lot of activity ongoing, but it is always hard to tell how much is actually happening
and how much is just marketing. The underlying feobis that while a design for environment
benefits all, the expenses are usually with the manufacturer. Many CEOs do indeed want to
help the environment, but they still have to watch the bottom line. A very green company does
no good if it is bankrupt. Lakily, both legal changes to force responsibility and the pressure by
customers and society are slowly changing the manufacturing environment. But there is still a
lot to do if we want to stop global warming.

Anyway, | digress. What | wanted to show youhis post is that there are many more possible
aspects to improve a product through a Design for X. However, not all of them are for
everybody (but please take heart to the design for environment). You have to find out which
one is helpful for you. Nowo out, design your products for X and the environment, and
organize your industry!
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Figure 290 Lean Corona (Image Roser)

The world issuffering from a pandemic. SARSoV-2, better known as the coronavirus, is
killing people all over the world and damaging the economy. One major topic (among many)
is how to keep workers safe during the pandemic. Hence, | would like to provide my thoughts
on this topic.

Please note, this is not a guideline to solve all your arieleged manufacturing problems. The
current situation is causing headaches for most manufacturing companies, and these headaches
are hard to avoid. Second, | am an engineer andanatologist. Hence, all viruselated
information is only to the best of my knowledge. But, come to think of it, so is my engineering
knowledge too. Use this information at your own risk. The recommendations here are based on
the common recommendatiorsdvoid infection, with a view on how they can be applied on

the shop floor. This is the first out of two posts on worker safety during the pandemic, followed

by a post of the influence of corona on logistics.

32.1 Introduction

Figure291 7KH HDV\ (I&:hBgd Gabeca de Marmore with permission)

JLUVW GR WKH REYLRXV DQG GR QRW OHW SHRSOH LQ WKt
groups and tours should be canceled to reduce the risk for your workforce. You may also
conside special attention to highisk workers (i.e., those over sixty years of age and those with
diabetes, lung or heart problems or similar risk factsfyou know about them).

Avoiding infections at work is usually easier for office workers. Most timeg tn work from

home, staying in touch through the phone, email, and thecoownon video meetings.
Sometimes, however, the office worker needs to work from the office. For example, if the
worker handles sensitive data that must not leave the companisese@r if, because of an
outdated legal system, they still need to sign documents by hand (this is the reason most
Japanese salarymen still have to go to work almost every day). But even in these cases, you
usually can easily increase the distance betvilee employees.

Manufacturing workers rarely have these options. They have to be where the machines are, and
the machines are often difficult to move. Hence, manufacturing workers are often still working
closely together, increasing the risk of infecti®egarding this risk, there is no guaranteed
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safety. The measures below omdduce the risk, but they cannot eliminate it entirely A
combination of multiple, or ideally all, measures are better than doing just one.

32.2 Testing

Figure 292 Throat Swab (Image laurentiu iordache with permission)

One way of reducing the risk of infection is testing. There are different types of test. An
antibody test checks if you have had the virus in the past. More interesting, however, is an
antigen testor molecular test which checks if you have the virus now. However, these tests

are currently still in somewhat limited supply, expensive, and may take a few days to analyze.
Even then, there is still a small error rate, and the test may fail tot @etecfection (false
negative) or claim an infection where there is none (false positive). Testing research may give
us cheaper and more reliable tests in the future. Yet, at the moment, these are the best tests we
have.

An alternative is measuring tempéures. This can be done quickly and cheaply, but the
reliability is not good at all. There will be plenty of false positives and false negatives with a
quick temperature check. Besides, the virus can be spread before there are any symptoms. Still,
some conpanies do the temperature check, as it may reduce the risk slightly, or at least makes
it look like they are doing something.

Many countries have paid sick leave, and workers are not penalized if they are sick. If your
country does not have this (and ykeam looking at you, USA!), workers may go to work even

if they have symptoms because they need the money to survive. In effect, by not having paid
sick leave you penalize your workers for protecting others by staying home.

32.3 Distancing

Figure293 $0 0 $ O(RQde ody2 with permission)

Another approach is to keep distance. This is knowsoaml distancingalthough at work it

would be more likgorofessional distancinyy Unfortunately, there is no vote out there yet as

for how much distance we need. Some countries require 2 meters, some 6 feet (1.8 meter), some
1.5 meters. There is an ofteited paper with the claim that the risk halves for every meter
further away. However, these citations miss that this is not a resuieaksearch, but an

146



assumption made for the model. Although, in general, more distance seems to be better.
Additionally, there seems to be a much lower risk of infection outside, whereas the small
droplets in the air can distribute throughout a room easégardless of the distance.
Unfortunately, most manufacturing happens indoors.

Many factories try to increase the distance between workers. Depending on the country, this
may be between 1.5 and 2 meters, although this also seems to be a compromise betwee
reducing the risk and still trying to fit enough people into the factory to run it.

In some manufacturing locations, the processes are far enough apart to allow this required
distance. The challenge is here to ensure your workers stay apart when nnouimd ia the
SODQW 9LVXDO PDQDIJHPHQW FDQ KHOS KHUH WR PDNH W
probably have seen similar lines on the ground in your supermarket. Some plants also made the
walking paths into ongvay streets so workers can stay apasieza

Figure294 & ORVH W Rlimdye Rskahowith permission)

Some processes, however, have workers in close proximity. If it is -a(dwonore) person
RSHUDWLRQ \RX PD\ EH DEOH WR UH G X Fagsumihgwh&rdd@dH S H U\
arrives before a vaccine becomes available and the crisis ends. For assembly lines or
manufacturing cells, it is often possible to reduce staffing. Instead of ten people in an assembly
line, you have only five, and each person also leasntthe work of the ndbngerpresent person

next to them. This can significantly increase the distance, but it also reduces your output by
half. It is effectively dlexible manpoweline with reduced staffing. | know the reduced output

is a bummer, but unless you can move your processes around and have the space, you may have
to do this to protect your workers. Reducing the number of workers reduces the output.
Although, many industries likeutomotive can happily do that, since sales are reduced
drastically due to corona anyway.

Figure 295 CORONA Distancing Assembly Line Before After (Image Roser)

Distancing is more difficult in the cafeteria, especially since f|dd QW ZHDU D PDVN ZKL(
Consider switching from buffettyle to served or prpackaged meals, and serve drinks in the
bottle.
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Figure296 *RLQJ 9 [(In&y®davit85nith permission)

In many countries, megidrocessing plats were hit especially hard by the virus. Distancing in

a meatprocessing plant would seem similar to distancing in an assembly line. After all,-a meat
processing plant is nothing but a disassembly line for animals. The problem here is that many
of the wakers are often lowpaid migrant workers staying in housing assigned by the plant.
Often, these living quarters are quite cramped, distancing and hygiene are difficult, and hence
a virus can easily infect others. It may also be that the virus survives gaaicold and wet
environment. There are also reports of employers not providing masks or failing at other safety
guidelines.

Overall, as an employer you are responsible for the safety of your employees. Please do your
part in containing the virus. | Wicontinue this topic in my next post, including the in my
opinion two most important aspects: hand hygiene and masks.géawt, save the health of

your people, and Organize your Industry!
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Figure 297. Lean Caona 2 (Image Roser)

The Corona pandemic is still spreading around the world. Some countries could contain the
YLUXV ZKLOH LW VWLOO VSUHDGY LQ RWKHUV 2WKHU FRX(
is bigger than the first wave. One of the patdntays to get infected is at work. Hence, | would

like to write about ways to reduce the risk of infection at work. This is the second post on
workplace safety during Corona. After this, another post will look at how Corona influenced
logistics around th world. As before, | am an engineer and not a virologist. Hence, alt virus

related information is only to the best of my knowledge. Use this information at your own risk.

| still hope that it helps you to provide a safe environment for your people!

33.1 Ventil ation

Figure 298 Opening Window (Image Eldar Nurkovic with permission)

The virus is transmitted, among other ways, through airborne droplets. The bigger ones fall
down quickly, but the smallest ones can float in the air foregaaime time. Hence, they can

easily spread in a closed room. It seems that infections are more likely to happen in closed
URRPV WKDQ RXWGRRUV <HW \RX FDQTW UHDOO\ PRYH \F
underestimated way to reduce the risk ofétifn is good ventilation. Open the windows, crank

up the fans, and try to get fresh air in and stale, potentially viral air out. In manufacturing halls

you can open the doors to help with ventilation.

33.2 Protective Equipment

Figure 299 A surgical maskimage World Image with permission)
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Probably the most important personal protective gear is a facial mask to filter the air. They
should be worn over mouth AND nose. If the nose hangs out, it will have little benefit. There
aredifferent types of masks. Surgical masks are designed to protect the environment from the
wearer. When breathing in, some air may come in unfiltered from the edges of the mask. Only
when breathing out is most air filtered.

Figure 300 Single use respirator with vahfmage Visootvith permission)

The other type of mask are technically called respirators. There are single use respirators as
well as reusable half or even full face mask respirators where you only swap the féear&h
designed to have a tighter seal around the face and to protect the wearer from the environment.
These may have exit valves to make breathing easier, but in this case they do not protect the
environment from the wearer. It seems the bigger benefitasks is to protect others, hence
surgical masks or even simple textile masks or shawls will be fine. If you use respirators, make
sure they do not have an exit valve, so you can also protect others.

Figure 301 Mask Comparisontuse at your own riskimage Roser)

Figure 302 Welding mask with filter (Image AlexChirkin in public domain)
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Figure 303 Reusable half face mask respiraftmage AlexChirkin in public domain)

Someof your employees may wear protective breathing equipment by default, as for example

welders or grinders. But keep in mind that these are usually designed to protect the welder from
the environment, not the environment from the welder. Hence, ideallgxttaded air would

need to be filtered too. However, it may be a tough sell to convince the welder why he has to
wear TWO masks. Luckily, most of these workplaces are distanced from the next one, anyway.

A mask may be uncomfortable to wear for longer peyji@hd some companies require it only
when the worker is moving around. Since some air also escapes at the edges of the mask, glasses
may have a tendency to fog up.

Some employees prefer to wear a face shield instead of a mask. | am not sure how effective
these are, but you can see them in many supermarkets. In German supermarkets they are
sometimes worn by staff instead of the mask, but | am doubtful if they protect against viral
micro droplets floating in the air. For increased protection you may alsayoggles to prevent
infection through the eyes, albeit this is mostly in hospitals when treating infected people.

Figure 304 Stretch Wrapping Machine (Image AlexLMXh permission)

There are also all kinds of barriers in uSeme companies put up transparent plastic barriers

or shields to reduce the exchange of air. | also have seen plastic tents around individual work
places. These are sometimes only a metal structure around which industrial sized saran wrap
was wrapped. Maksure you leave an opening for people to enter and exit! Another company
where workers worked on both sides of a hanging conveyor simply put a sheet of plastic on the
hanger, dividing it into a right and left half. The challenge is to find a way to pathaprier

without it being in the way (too much).
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33.3 Hygiene & Cleaning

Figure 305 Hand Washing (Image thisispatrige public domain)

Another important step is hygiene. Hand washing with soap and watemagfeluse towelss

best. Make sure to get all corners of your hand and wrists clean. A secondary alternative are
hand sanitizers. Make sure you get the type effective against viruses, as some brands are best
against bacteria and not efficient against a virus.

Often, cleaing cycles are also increased. This is especially for surfaces that are frequently
touched. Light switches, door handles, handrails on stairs, toilet seats, etc. would benefit from
additional cleaning. If you can reduce the number of surfaces a workeer toach, do so.

Figure 306 Corona DocDoor (Image DocDoor with permission)

, I \RX HYHU FRQVLGHUHG KDYLQJ DQ DXWRPDWLF GRRU QF
money for that, there is also a lex@st alternative. You ada Gizmo to the door handle that

allows you to press the lever and pull the door open with your elbow or lower arm. One such
device is shown in the picture here. This one is flbmDoor, a company started by student

from my university3 | The pushing side of the door needs one to open it, the pulling side need

one to close it.

33.4 Training

Finally, the last important step is training your employees. Teach them how to keep themselves

and their colleagues safe. Motivateen to actually do ittthere are many people that do not

(yet) see the need for these actions. Follow up to see if the safety standards are actually followed.
7KH EHVW VDIHW\ HTXLSPHQW GRHV QR)G KBA Y W \IRXUJ HM R
by example!

33.5 Summary

The above measures reduce the risk of infection, but there is no 100% safety (there never really
is). Research is still underway to determine the effect of different measures. In case of doubt,
more is better. Also, follow the legal recgments in your location. Please take measures and
OHDG E\ HIDPSOH , GRQTW JHW WKRVH SHRSOH ZKR ULVN
refusing to wear masks, or wear them sloppily without covering the nose.gdawt, put on

your mask properly, wash your hands, stay safe, and organize your industry!
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Figure 307: Logistics during Corona (Image Roser)

The coronavirus, also known as COVID or SARSCoV-2, is running through the world like

a wildfire. Besides killing hundreds of thargls of people, it is also creating a huge headache

for the economy. Many countries are currently experiencing a second wave. In this post | will
look at how the pandemic affects supply chains, how they react, and how this may shape supply
chains in the fture.

34.1 Drop in Demand

Figure 308 Some markets are crashingmage Thuen public domain)

Changed circumstances due to the CO\MMDpandemic caused a significant drop in demand

for some industries. The mighty automotive indugnynder significant pressure. In Germany,
domestic demand dropped by 30%. The regions in Italy hardest hit by the virus saw sales shrink
by 85% (March 2020 compared to 2019). April was even worse, with sales all over Europe
being only 50% as the previoy®ar. Related services are also down, including gasoline
consumption and maintenance. Restauralatted services took a nosedive when restaurants
were forced to close. The travel industry is running on empty. Even after reopening, business
is much less i before. Anything related to travel has much less demand than before.
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Figur 309: Container Terminal (Image Bellrg'ly public domain)

A lean company can handle a drop in demand much better tharsaleah company. Shorter,

leaner supply chains mean that you can slow down the flow of material quicker. If your goods
DUULYH E\ VKLS IURP &KLQD \RX ZLOO DOZD\V KDYH WZR P
ocean. They tie up capital, and when they arrive, they need to be stonedhere. Some ports

DUH UXQQLQJ RXW RI VSDFH IRU FRQWDLQHUVY DQG KDYH V
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at an additional effort of moving things around. There are even some scams selling nonexistent
storage space. The price of some oil fusuegen dropped to negative $37 per barrel because
the oil was pumped, but with nowhere to go. You were paid money to take the oil off their
hands.

Figure 310 Car Parking of Unsold Cars (Image Alexandr Medvedkov with permission)

Even if you keep producing, you have to put the goods somewhere. The automotive industry
rented huge parking lots from (currently unused) stadiums to put hundreds of thousands of
unsold cars there. A lean company would have been better at scaling dowctiprotb avoid
overproduction, which is the worst of tBeven types of wastdo take a historic example,
during the 1973 oil crisis, Toyota was able to scale production down and later back up much
faste than the competition. Overadi,lean supply chain can handle a drop in demand much

better than a long and slow supply chain.

34.2 Increase in Demand

Figure 311 Toilet Paper Jumbo Roll (Image Axxis10 under theBDESA 4.0 license)

Many other industries had a huge increase in demand. Many things that are used at home have
a much higher demand. Since a lot of people now cook and eat at home, demand for food in the
supermarket has gone up. This was most visible with noodles and gitlo@dslong shelf life,

where stockpiling was also a factor.

People roughly need the same quantity of food. Anything that they no longer eat in restaurants
they now eat at home. Similarly, the food eventually goes down the toilet, and demand on toilet
pape DOVR LQFUHDVHG 3DUWLDOO\ WKLV ZDV GXH WR KRDU
that was done previously at work or in restaurants was now done at home.

Now, since the end customer demand on food and toilet paper remained the same, you could
think that wholesalers that sold to restaurants now simply sell their food and toilet paper through
supermarkets to the end consumer. Unfortunately, despite its very similar end use, the products
are very different. Restaurants may buy their productsli but a private home rarely needs

ab6NJ EDJ RI IORXU 7RLOHW SDSHU PD\ DOVR EH GLIIHUHQW
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fit in the toilet paper holders at home, even if the consumer would accept the saslittpaper
quality that is often founeh public toilets. Hence, both the product packaging and the product
specifications make it difficult to convert industrial products to home use.

Figure 312 Corona- Woman with Mask (Image www.vperemen.com under thBY:-EA
4.0license)

Over time, this can often be adjusted, and producers can switch to different packaging sizes,
albeit with additional effort. Thmvisible handf companies trying to survive and make money

ensures adjustments are already happening. But notaallgis can be adjusted. A paper

machine that produces the cheasestdpapettype toilet paper cannot easily be converted to
heavenly fouply. Yet, efforts are underway to switch distribution channels. Herehaxing

a lean supply chain makes things nnch easier You do not need to find customers for your

300 tons of flour in 50 kilo bags, ateven worset UHSDFN WKHP LI \RX GRQYW KD
flour in inventory to begin with. A lean supply chain can switch faster.

Figure 313 Covid 19 Medical Ventilator (Image palinchalth permission)

Some other products not only had a shift in demand, but indeed a significant increase. Examples
here would be face masks (both high quality for medical use and normal for home use), hand
sanitizers, protective equipment, ventilators, test kit materials, and many more items needed to
FRPEDW WKH GLVHDVH ,Q UHWURVSHFW LW ZRXOG KDYH E
that is the wisdom of hindsight. Other increases are due to custep@rding much more time

at home. For example, some popular gaming consoles were sold out for quite some time due to
the unexpected demand peak.

However,you cannot stockpile for all eventualities. If you do stockpile, make the most out
of it. Make surehe type and quantity is what is most beneficial for your industry, and that the
benefit is worth the effort.
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34.3 Supply Problems with Cross -Border Transport

Figure 314 Trucks at Customs Border (Image Aleksei Smolensky with pemjissio

Another problem for many supply chains is restrictions to dposder traffic. Many
governments tried to prevent the entry of infected people by preventing the entry of ALL people
into their country, or at least have a tweek quarantine. However, eations are usually
made for logistics, since pretty much all countries depend on the global logistic network (except
maybe North Korea). Nevertheless, border crossings often became more cumbersome.

Also, companies that used a lot of air freight haxablems now if planes are no longer flying.
The common a#mail rush orders that are an important source of profit for airlines are now
rushing much less. Overall, crelssrder traffic has become more difficult. Having suppliers
closer to home makes thimgasier (although you still have to get the stuff to the customer too).
Toyota has most of its suppliers within a tiwour drive around Toyota City in Japan. Hence,

a short supply chain would have helped here too.

It seems that many companies become mareful about what borders to cross. The effect of

the pandemic plays together with other factors like Brexit or the current behavior of the Chinese
Government that make companies adjust their supply chains. Supposedly, many companies also
actively try toreduce their dependence on China. Foxconn and Apple just invested 1 Billion in
India to have an alternative to China. Overall, it is a challenging time for manufacturing and
logistics. But every crisis also has opportunities. Ngwout, seize the opportnities, and
organize your industry!

P.S.:Quite a few people have written about lean and corona¥ier® is an incomplete list.
x John ShookCoping with Covid19: lessons from The &jue
X Michel Baudin:3+HUG ,PPXQLW\" 9DULHV :LWK 7KH +HUG

x Michel Baudin:The Math of COVID19, And Factoris
x Lean Enterprise Instituté:ean in Time of Coronaviru@odcast)
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35 7R\RWDSL[ 5XOHV IRU .DQEDQ

Christoph Roser, August 25, 2020 Original at
https://www.allaboutlean.com/toyotas«rules/

Figure 315 Simple Kanban Loop (Image Roser)

The kanban system is the most famous way to establish a pull systeant 8&tpeir guidelines

for kanban, Toyota has established Six Rules for Kanban. They can be found, for example, in
the 1973Toyota Production System Handbodkis blog post describes these six rules, based
on the Toyota handbook. While these rules drga, they are in themselves not sufficient to
establish a kanban pull productidtevertheless, this post will show you these six rules.

35.1 Introduction

Figure 316 Toyota Logo (Image Toyota for editorial use)

The Toyota handbook lists six rules as prerequisites for a kanban sy$tese. rules are as
follows:

X '"RQITW 6HQG '"HIHFWLYH 3URGXFWV WR WKH 6XEVHTXHQW 3
X The Subsequent Production Process Comes to Pick Up

x Only Produce the Amount Picked Up the Subsequent Process

X Reduce Fluctuations

x Kanban Is a Means of Fine Tuning

x Stabilize and Rationalize the Production Process

Please note that often, anything from Toyota is seen as an ironclad rule that must not be violated.
These rules do indeed make serto me. However, | feel that here Toyota mixes up
prerequisites with other factors like performance and maintenance of the system. Similarly,
there also seems to be some gaps in their rules. An important rule | am missing is, for example,

W Kdany\méteial in the system must have a kanban card attached HQFH WKHVH UXOHYV
more for inspiration, and less a stepstep guide to establish a kanban systényway, here

are these rules and their explanation.
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35.2 'RQITW 6HQG '"HIHFWLYH 3URggueRtWY WR WKH 6X
Production Process

Figure 317. Broken Machine in Jidoka (Image Roser)

The first rule is pretty much a Awrainer. Defects are one of theven types of wastsince

effort goes into production that brings no benefit. The later you find a defect, the more
expensive it is. Hence, the goal is to catch defects early. Only good products can be added to
the supermarket. This avoids costly subsequent mistakes, smdllaws earlier detection of
systematic errors. ldeally, every machine at every step should be able to detect Teiteds.

also known agidoka

35.3 2 The Subsequent Production Process Comes to Pick Up

Figure 318 Supermarket Karlsruhe (Image Roser)

The kanban system needs to know how many parts it has in the system to reproduce more items.
Therefore, the supermarket with completed goods is the responsibility of the sgalgivan

process. The subsequent process knows best when it needs more material. Hence, it makes sense
for the subsequent process to come and pick up the items as needed, so that they can be
reproduced by the kanban system. If the supermarket would beespensibility of the
subsequent process, then there would be a risk of information for reproduction coming too late.
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35.4 3 Only Produce the Amount Picked Up by the Subsequent
Process

Figure 319 Female workers pose with trolleys Edwith sacks of flour. (Image Lewis G P in
public domain)

This rule is one of the key elements of the kanban system. The idea is only to reproduce or
replenish what was consumed. If the next process takes four parts, you produce four more of
these partstnot more, not less. This allows you to maintain an upper limit on inventory, which
for me is the key feature to obtain the benefits of a kanban system. The combination of rule 2
and 3 makes the material in the value stream flow smoothly.

35.5 4 Reduce Fluctuat ions

Source Deliver

Figure 320 Source Make Deliver Fluctuations (Image Roser)

This step is an important part of lean, often underestimated in the West. The kanban system
should be able to reproduce parts reliably within the replenishmentTimeekanban system
assumes that there is always material in the supermarket for the subsequent process. Large
fluctuations mean either occasional lack of material in the supermarket, or much larger
inventory levels to cover these fluctuations. Both aregootd. The first causes stoppages and
subsequent lack of material downstream. The second increases the negative effects of inventory.

Hence, reduced fluctuation, or even some form of leveling, allows for cheaper and more
efficient production. Please noteatlevelingcan come in different forms, not all of which are
really well suited for your average production system. Especially a longeptdtern is, in

my view, one of the hardest things to do in lean.

35.6 5 Kanban is a Means of Fine Tuning

Figure 321 Kanban card (Image Roser)
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Over time, the demands on your system will change, as will the system itself. Theretore, y
have to adapt the system. Adjusting the number of kanban is an approachttmdin@ur
production. If your demand or your replenishment time increases, you need more kanban to
cover for this demand (assuming that you do have the capacity to asisficteased demand).

If your demand or your replenishment time decreases, you may get away with less kanban. This
can be easily tracked by monitoring the inventory in the supermarket. If you are often empty,
you may need more kanban. If you are nevertgnyou may get away with less kanban.

35.7 6 Stabilize and Rationalize the Production Process

Figure 322 Network Image (Image World Image with permission)

The last rule aims to stabilize the system. When you establish your kaolpaydo must put

forth the effort to debug the newly implemented kanban system, create the standards for the
new system, make sure the new standards are actually good, and find problems and resolve
them. This is actually the Check and Act of the PDCA eirBlee if it actually works; fix it if it
GRHVQYIW

The success of a kanban system depends on such good standards. For example, the transport of
the kanban back to the beginning of the loop must happen regularly at fixed intervals. If it
happens randomlyoyr replenishment time will fluctuate, and you will either need more cards

or run out of material.

35.8 What Is Missing

Figure 323 Missing Piece (Image unknown author in public domain)

While these rules are all good, they are invigwv not well structured. They are also missing

VRPH SRLQWV , WKRXJKW ZRXOG EH LPSRUWDQWanyRU H[DP
material in the system must have a kanban card attathed. WKHUH LV PDWHULDO V
have kanban attached,stnot limited by the number of kanban. The possible overproduction

could turn the pull system into a push system.

Lots of other information would be helpful. WHads to go onto a kanban darHow should a
supermarkelook like? How do | determine theimber of kanbahHence, again, these six rules
areinmyviewPRUH RI DQ LQVSLUDWLRQ DQG PXFK OHVV DFWXDC

In any case, | hope this gave you more inspiration and ideas on how to establish a kanban system.
Now, go out, turn your material flow in a pull system, and organize your industry!

35.9 Source

Toyota Motor Corporationloyota Production System Handbo®kanslated by Mark Warren,
1973. Many thanks tdark Warrenfor translating this document.
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36 +DSS\ WK %LUWKGD\ $OO$SERXW/HDQ FRP

Christoph Roser, Septemhier2020 Original at
https://www.allaboutlean.com/happyh-birthday/

Figure 324 Seventh Birthday Cake (Image unknown author in public domain)

Today, AllAboutLean.com turns seven years old. Hurray! Amazing how fast time flies. Time

to look back again on what happened. This is my 370th post on this blog. For seven years | have
publishel a blog post every week going into the details of lean manufacturing and related topics
(and once per year a birthday celebration post).

36.1 Most Popular Posts

Figure 325 Top 10 (Image Roser)
The top ten posts for this year werg@ows:

X Visual Management

X Good and Bad Ways to Calculate the OEE

x All About Spaghetti Diagrams

X Introduction to Karakuri Kaizen

x What Exactly Is Jidoka?

X How to Measure Cycle TimesPart 1

X Line Layout StrategiegPart 2: t, U-, S, and L:Lines

X What Is Your Production Capacity?

X The Seven Types of Waste (MudaNow with 24 More Types of Waste Absolutely Free!
X The (True) Difference Betweerubh and Pull
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36.2 Collected Blog Posts Book Series Published

Figure 326 AllAboutLean Collected Post Cover 2019 (Image Roser)

At the beginning of the year, | published my series of collected blog posts books. For each year
of this blog, there is one volume containing its blog pé$tsce, we have the following books.

x Collected Blog Post of AllAboutLean.com 2013
x Collected Blog Pst of AllAboutLean.com 2014
x Collected Blog Post of AllAboutLean.com 2015
x Collected Blog Post of AllAboutLean.com 2016
x Collected Blog Post of AllAboutLean.com 2017
x Collected Blog Post of AllAboutLean.com 2018
x Collected Blog Post of AllAboutLean.com 2019
X (2020 will come next year)

So, if you want to have all of my blog posts as a book, they are all available. Since my blog is
free, the PDF files can all m®wnloaded for fretoo here on thiblog. If you prefer the Kindle

version, it is als@vailable on AmazonRU D WRNHQ DPRXQW , FDQTW PDNH
on Amazon). If you prefer the printed version, you Gad them on Amazotoo. However, a

300400 page color print paperback is not cheap. Especially with the free PDF competition, |
GRQYW H[SHFW WR VHOO PDQ\ SULQWtk&ekie 810 publidatidR) ERRN
for the internal system at my university, which puts me far, far ahead of any other priZessor

Not that | get any benefit beyond the bragging rights, but | just love to test how easy it is to
manipulate KPIs.

36.3 Upcoming Book on Pull Systems

Figure 327: Current Cover Draf{image Roser)

Besides the collected blog posts, | am also working on a *real* batbkAbout Pull
Production: Designing, Implementing, and Maintaining Kanban, CONWIP and other Pull
Systems in Lean Productior have been promising this to you since quite some time now. But
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the first draft is complete, and currently under review with other qualified lean people. With a
bit of luck, it will be available before the end of the year. ia Hook | will look in great detail

on the different pull systems, which one to use when, and how to set them up, make the layout,
implement, and maintain them. The focus is on practical use. It will be probably in excess of
300 pages purely on puthe bp level chapters are:

X Introduction

x Fundamentals of Pull Systems

x Comparison of Different Pull Systems
x FIFO and Other Limited Buffer Inventories
X Kanban

x CONWIP

x POLCA

x Reorder Point

x COBACABANA

x Drum-Buffer-Rope

x Pull System Layout

x Pull System Ramp Up

x Pull SystenmMaintenance

X Summary

| will definitely let you know through this blog and my social media when it comes out. | hope
you will like it and that it will help you with your work!

36.4 Faster Website Style

Figure 328 Yes, this webpage fast! (Image Roser)

After seven years, | thought it was time to change the style of this website a bit. | was still using
the 2013 standard WordPress theme, and it was getting a bit dated. Hence, | switched the theme
to GeneratePreswith a few new modifications of my own. It is a very lightweight theme and
makes for fast loading times. The only element that was slowing it down was the Google
Captcha, so | turned it off. The amount of spam has correspondingbasect, but my spam

filters are quite good, and very little makes it through. | may switch it back on eventually if the
spam gets too much.

But now my website is blazingly fast. It gets the rare 100%aatgle Page Speed Insigffios
desktops, and a still very good #®% for mobile phones. There are also now almost no
cookies when you visit my blog. | do want to protect youwgmy!
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Of course, mistakes also happen. | managed to avoid it for almost seven years, but this year |
pressed the wrong button and published a post that was not yet done. The second post on
workers safety during Corona was pushed into the mailing listtdbouweeks too early. | of

course unpublished the post, but | could not recall the emails. Hence, some of you may have
finally seen my beautifud04 File not FoungagelZ. My apologies!

36.5 Awards and Pr aise

Like every year, | get lots of positive comments on my blog. The LeanLab ahddh&Log
created a video with the top Lean websites, and AllAboutLean.com was included!

The Video by.eanVLogs available on YX 7 X E HLdaW Manufacturing Training 7+1
Websites to Learn Ledn Dhtips://youtu.be/7QljzwSgGKU

| also got praise from different people through LinkedIn and other channels:

x | want to let you know abouta geeW VHULHV RI DUWLFOHV RQ WKH VXEM
putting the production schedule into the optimum order. Christoph Roser has created a
tutorial on how to go about actually doing th{RichardD. Rahnvia LinkedIn)

x This AllAboutLean blog post by Christoph Roser contains an extensive list of Lean
WHUPLQRORJ\ WKDW JRHV IDU EH\RQG DQ\ RWKHU /HDQ JC
a term, this is the place to g.auren Y. Hansewia LinkedIn)

x All these days from 1980 | was specialized in Lean & Lean six sigma as a Professor &

CEO having 50 years of experience in industry You article educated me(Rrofe.
Rammohun)

x Wow, Fantastiavrite up on the JIS, that starts from the Prerequisite till the post
LPSOHPHQWDWLRQ SUREOHPVY LWV VROXWLRQ WKH SHU\
can understand, with the given picture illustrations, Great Work\Vgsgntha Kumar
commenting omy article onJust In Sequenge

x Dear Christoph, thanks for the excellent series of articles. (Bernd commentitigxani
Manpower Linep

X « DQG PDQZ PRUH

There were more compliments, of course. This is only a small selection. However, the gods of
Google seemto like me less. Instead of 3,000 clicks per day, | get now only around 2,500 clicks

per day. Or maybe itV EHFDXVH D ORW RI P\ UHDGEUMWEYH LQ WKI
enjoy the writing and will keep on publishing the stuff | know on Lean. NgpAgut, (or stay

in the home office), keep on reading, and organize your industry!
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37 :KHQ 127 WR %DODQFH D /LQH

Christoph Roser, September 8, 2020 Original at
https://www.allaboutlean.com/wharot-to-balancea-line/

Figure 329 Imbalanced Stones (Image Aleks Simonov with permission)

Line balancing is one of the important methods for improving your production system. The idea
is to give every process the same workload so all processes are busytialethidowever,
there are cases where it may be better NOT to balance a line. This post will look into when and

why you may choose not to balance your line.
37.1 Introduction

Figure 330 Hands Circle (Image Robert Kneschke with pesiois)

Line balancing aims to give every process a constant equal workload. This will reduce wasted
waiting time (nudg for those with too little work and overburdemyri) for those with too

much. Altogether it reduces unevenness (mura). | have writirpast series on line balancing,
starting withLine Balancing Part +Data Overview

The reason we do line balancing is to reduce muda, mura, and muri, as mentioned above.
However, there argituations when the negative effects of an imbalanced line are offset by other
possible benefits, making an imbalanced line more sensible.

37.2 Automatic Processes

Figure 331 All automatic!(Image Roser)
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The first and most common 1 not to balance a line is when you have automatic processes.
The philosophy at Toyota is that it is very disrespectful to let human workers wait. However,
WKH\ GRQYfW FDUH WRR PXFK LI D PDFKLQH KDV WR ZDLW

Hence, when balancing a line, it is importdatbalance the manual work Automatic
processes merely have to be fast enough so as not to slow down the rest of the line. In theory,
this means the cycle time of the automatic processes have to be equal or faster than the cycle
time of the manual process. In reality, however, it is advisable to have the automatic processes
even a bit faster than the manual processes. This reduces the likelihood of the automatic process
slowing down the manual ones. Exactly how much faster the automatic processeshehould
depends on three things:

x Fluctuations: The more the automatic OR manual processes fluctuate, the better it is to
have a faster automatic process. This reduces the likelihood of making the manual
processes walit.

x Buffer: Having a large buffer capacity loeé and after the automatic processes can reduce
the effect of fluctuations. Hence, larger buffers reduce the likelihood of having the manual
process wait on the automatic one and hence reduce the speed requirements for the
automatic processes.

x Cost It would be nice to have a faster automatic process, but you have to watch the cost. If
a faster automatic process costs you a LOT more than a just barely fast enough one, you
may choose to go with the cheaper process.

Figure 332 All manual(Image olly2 with permission)

Overall, an automatic process that is faster than the rest of the line does not hurt the overall
performance of the line. On the contrary, it may reduce the waiting time of the workers on the
automatic processes, andrice improve overall performance. It also makes it easier in the

future if you need to squeeze more parts out of the line. Manual workplaces are often easier and
cheaper to optimize than automatic ones. In the worst case, you can simply create more manual
stations and add more workers to speed up the line. However, speeding up an automatic process

is often costly. You need probably more hardware, and a programmer that makes everything
ZRUN DJDLQ « DQG DJDLQ LI LW GLGQTW ardadhirRk KWumMy KH LU
making an automatic process faster often takes more time, money, and effort than improving a
manual station. Seraiutomates processes fall somewhere in between.

Hence, having a faster machine to begin with does not hurt at all. Yoeweaychoose to get

a faster machine from the very beginning to futpireof your line if you expect higher demand

in the future. Although you would have to balance this with the cost of the faster automatic
process. If you have a fast machine sitting adoanyway, just use it. If you have a machine
custom made, discuss with the supplier the price increase for a faster machine. Under no
circumstances should you explicitly slow down an automatic process just to balance a line.
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37.3 Processes That Cannot Stop Easi ly

Figure 333 Burning Bread in Oven (Image Roser)

Another example where a line may be better off imbalanced is processes that are difficult to
VWRS 7KHVH DUH RIWHQ FRQWLQXRXV SURFHVMiNeHXOU )RU H[D
are baking bread or pizza in a continuous oven. The time in the oven is determined by the speed
(and length) of the belt in the oven. You can only stop the oven if it is empty, or you will damage

your goods and potentially even start a fire withir (no longer) food stuff. Hence, the stopping

of this baking process has the additional requirement that it is empty.

Figure 334 Slightly overcooked pizza. Do you still want(ifhage Slickn public domain)

This additional requirement complicates a lot of things. In a production line with FIFO buffers,
one important concept is that the process must stop if the subsequent buffer is full. This prevents
overproduction. However, unless we want to throw out allstinff that got stuck in the oven,

you have to stop the ovédxefore the buffer gets full. The remaining items still go through the
oven and then are buffered. This is possible, although there are two problems.

First, depending on your system, it may shifect quality slightly. Since there is less cold
produce entering the oven, the temperature may be a tad higher and the products a tad more
well done. Similarly, the first products that go through after the stop may also be slightly
overcooked.

Figure 335 Angry Manager (Image Elnwith permission)

Second, you have to stop the oven before the buffer is full. This requires foresight, which may
or may not be in plenty on your shop floor. Chances are, every now and then youssilyemi
cutoff point and end up with defective products. Additionally, there is also often a hesitation of
the employees to turn of machinery. Maybe they turned it off before because a problem was
coming up downstream, but the problem was fixed fasterdkpacted and no twwoif would

have been necessary. Managemewith the wisdom of hindsighttmay have then yelled at
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the workers for why they turned off the machine. A good standard can help, but it will only
reduce the likelihood of it happening.

It may be much less of a hassle to design the processes before and after the oven faster than the
oven itself. This would allow you to manage more fluctuations in the process through additional
capacity before and after the oven. Subsequently, the oven hastopped less if there is a

minor problem. Hence, you turn the oven into an intentional bottleneck, so that the oven does
not stop because of other processes.

We can find similar examples in many industries, from steelmaking to paper mills, which are
alsomy examples for the next reason not to balance your line.

37.4 Very High Investment Processes

Figure 336 Nippon Steel Yokohama (Image Roser)

Another situation where a production flow is created intentionally imbalanced is witlspesce

that have significantly higher investment cost than other surrounding processes. A common
example here is a paper machine or a blast furnace to make steel. While these are also difficult
to turn off as explained previously, they are also a much highestment that the processes

that surround them.

Figure 337: A typical paper millSCA Paper Mill (Image SCA Deutschland under theBXC
2.0 license)

/IHWYV WDNH WKH SDSHU PLOO DV DQ H[DP SfeHis quketbil® DF KL Q
and expensive. It makes a roll of paper (callégnabou) 12 meters (or more) wide and easily
weighing 100 tons (or more). This roll is subsequently cut into smaller rolls, which then in turn

are cut into sheets of paper, which thengaekaged and shipped. If the line would be evenly
balanced, it would be as likely to have the cutting process wait on the paper machine as the
other way round.

A lost minute at the paper machine is much more expensive than a lost minute at the cutting
machne. However, this is a somewhat theoretical calculatimosf accountingMore relevant
is that it is much cheaper to create extra capacity at the cutting machine than at the paper
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machire, increasing the overall output for little money. Therefore, here, too, the paper machine
is intentionally the bottleneck, and the value stream is intentionally imbalanced.

37.5 Summary

Overall, there are situations where imbalanced lines are sensible. Ri¢atbat when | say

3QRW WR EDODQFH D OLQH ~ , GRQTYW PHDQ WR MXVW WKUR
still have to think about it, and select certain workloads or speeds for certain processes. Different
from the normal balancing, you justemitionally create an imbalance, and only if you have a

good reason for this. Most lines should still be well balanced, and intentionally imbalanced lines

are less common. Novgo out, balance your line (unless you have a reason not to), and

organize your industry!

P.S: This blog post originated from a small discussion between Prasad Velaga, Erik T. Hansen,
and me on LinkedIn.
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Christoph Roser, September 15, 2020 Original at
https://www.allaboutlean.com/toycetaantransformation/

Figure 338 Lean start button (Image ®ler Le Moal with permission)

Companies continuously need to improve to survive. Lean can help them with this continuous
improvement, so many companies aspire to become lean. The question is, how do you do that?
How do you do a lean transformation, or emgenerally a change management? In this post |
would like to talk about what is needed for a company to start their journey to lean. Be warned,
it is not easy, and it does require a lot of support from the very top.

38.1 What Is Lean?

Figure 339 Example of the American cultur@Page vent du sudith permission)

To become lean, you should know what lean actually is. There are adeénitions of lean
productionaroundalthough I find all of them flawed (except the one that says leadifieeent
name for the Toyota Production Systdmt this does not help you much here). Often, lean is
reduced to a set of tools, from kanban to SMED. But this is far from what @llsags In my
view, lean is a culture!

This brings up a few problems. Fireigw do you define a culture?This is nearly impossible.

How do you define the your nationality> culture? Any attempt soon turns into cliches and
subsequently turns offensiv&merica: Hamburgers, flag waving, and guns? Germany: Wurst,
EHHU NBQG 3 WKLQN , EHWWHU VWRS KHUH EHIRUH , RIITHQG
is really hard to define a culture, including the lean manufacturing culture.
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Figure 340 Example of the German cultur@Pnage master1305 with permission)

Secondhow do you measure a cultureTo improve, you would need to know where you are,

DQG KRZ PXFK \RX KDYH LPSURYHG /HWYV XVH WKH H[DPSO
from O to 100, how your nationality> are you? What criteria did you use to measure this?

Again, it is pretty mub impossible to have a quantitative measurement of a culture, although

there are a lot of qualitative opinions.

Finally, how do you change a culture@his is very tricky. However, with lean we have it a

bit easier than if we would like to change thgsr nationality> culture. A corporate culture is

often less diverse than the culture of a nation. If you enter, for example, a car company, the
mindset of the employees is more aligned than if you would randomly pick people from the
streets. It is still quiteliverse, however, and the task at hand is not easy.

38.2 How Does Toyota Do It?

Figure 341 Toyota Headquarter Sign (Image Roser)

%HIRUH ZH GLVFXVV KRZ WR FKDQJH \RXU FRUSRUDWH FXO
Initially, the culture was homegrown. Hence, Toyota does not need to change its overall
corporate culture. However, they often open new plants, many of them overseas, and they have

to convey their culture, including the Toyota Production System, to the new location.

38.2.1 The Transformation of a Foreign Plant

They do this by shifting around a lot of workers. Large groups from the new location are brought
to Japan to be immersed in the Toyota culture. Toyota sent hundreds of employees to Japan to
learn lean. This includes honly bigwigs, but also a lot of frontline operators. The workers
work in a Japanese Toyota plant to learn and understand how Toyota ticks. Such a stay is often
four weeks, maybe more.

When these workers move back to their home country, even more Jawarkss come along.

ORVW QDWLYH PDQDJHUV LQ WKH QHZ SODQW ZLOO KDYH LC
them on how things are done. Toyota sends out hundreds of coaches from Japan to other
locations. Many Japanese frontline workers will work alorgtietir foreign colleagues to also

transfer the culture to the new location.

Even then, it does not always work out. Between 2000 and 2010, Toyota may have expanded
too quickly, which may have lead to the frontline scandal with their gas pedals. CEO Akio
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TR\RGD DGPLWWHG WKDW JURZWK DW 7R\RWD 3PD\ KDYH EHF
worried about the technical side). But overall, their approach works. Toyota plants overseas
often have much better quality and efficiency than the plants of thes rtmpetitor.

38.2.2 GM 4T oyota Joint Venture NUMMI

Figure 342 NUMMI GM Toyota (Image Ellen Levy Finch (EIf) under the-B&SA 3.0
license)

The famous example is NUMMI in Fremont, California, a Gblyota joint venture. It was
originaly a GM plant, and it was the worst of all GM plants. Even the unions said so. The
culture was hostile, and everybody was miserable. Eventually the plant was closed. Two years
later, it reopened as NUMMI together with Toyota. They even hired their woekfostly

from the previous GM employees. Many were worried about a repeat of the hostile culture.
However, Toyota was able to turn it around, making NUMMI a place the employees were proud
of. Quality and efficiency were on par with Japanese plants, aneA& better than any other

GM plant.Absenteism went from 20% to 3%.

38.2.3 Why the Toyota Approach Does Not Work for You

Figure 343 Say hello to your seasoned lean expditahge Brussels Airport under the €C
BY-SA 2.0 license)

If you are reading this, trying to find out how to transform your own plant, it feels impossible.

You would need a plant that already has this culture to learn from. You need hundreds of people

RI DOO UDQNV ZKR KDYH WKHLU O H héankXoyingXdainHo SMEDS O\ H Q.
or kanban, or having @ix Sigma black beltit means to live and breathe lean. From your point

of view, it just looks like cheating, because Toyota has all of W \RX GRQITW 7R\RWD
hundred employees from NUMMI to Japan for a month of training, and another four hundred
coaches from Japan to NUMMI for monti@&early, this is not a viable option for you.

38.24 :K\ <RX BUREDEO\ &DQfW $IIRUG ERMRWDTV $SSURDFK

Figure 344 Piggy Bank (Image Ken Teegardin under the BESA 2.0 license)
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Before | go into the options you actually have, and before even an example on how NOT to do
it, | would like to talk about the effort Toyota takedbring its culture across. You have multiple

larger groups visiting Toyota in Japan. Six hundred people from the USA all spend four weeks
in Japan. While they do work and generate value, it is probably less than they would working
normally at home. Theglso need coaching, mentoring, and training by Japanese employees.
This includes frontline workers who train their foreign colleagues. You surely know that when
you hire a new person, the first few months it will cost you more than what you get. Q#en, af

six months or so, the performance is good enough to be comparable to a seasoned worker. It is
somewhat similar when Toyota trains foreign workers in Japan.

| estimate that including the additional work for the Japanese hosts, it is similar to having si
KXQGUHG ZRUNHUV IRU D PRQWK JHWWLQJ SDLG EXW EULC
business trip to Japan. Later, when additional Japanese workers and managers are sent to the
foreign country to help the natives, they are also not quite as affiageat home. Having a

shadow for most managers is particularly expensive. Four hundred Japanese coaches stayed in
the USA for months, or even longer than a year.

Just do the numbers in your head. The salary of six hundred people for one month, half of
another four hundred people for a year, including many expensive managers, plus travel or
HISDW H[SHQVHV IRU DOO RI WKHP « LW LV D ORW RI PRQH\
lean experts, you probably could not afford it. | do this calculati@méev you how much it is

worth to Toyota to transfer its culture to a new plant. And, yes, it does cost Toyota a lot too!

Figure 345 Sneaky Consultant $ to Cent (Image bramguith permission)

Hence, you need cheaper optioniislis possible, although it will take longer. However, it will

still be quite an investment in time and money. If done right, it should pay off through better
guality and efficiency. See it as a large development project. Of course, if the price isayour m
LVVXH \RX ZLOO EH DEOH WR ILQG FRQVXOWDQWYVY WKDW S
experts, preferably freshly graduated from university since they are cheaper, and give them the
task to transform your oreundredfifty -locationworldwide corporation with 50 percent of
WKHLU WLPH ~ ;I \RX EHOLHYH WKDW WKHQ , FDQYW UHDOO

But | will show you better in my subsequent posts. Since | am a fan of learning from mistakes
tpreferably the mistakes of othets will first show you how itwill NOT work. Until then,go
out, do lean where you can, and organize your industry!
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Figure 346 Failed Rocket Launch (Image gualtiero boffi with permission)

Becoming lean is an aspirirgpal for many companies. In my first post | showed you how
7TR\RWD GRHV LW « DQG ZK\ WKLV PD\ QRW ZRUN IRU \RX
show you how NOT to do a lean transformation, and try to highlight common mistakes. In a
subsequent @ | would finally like to show you possible options you have for your lean
transformationRead on!

39.1 How NOT to Do a Lean Transformation +The GM Case

Figure 347. GM Logo (Image General Motors for editorial use)

There are plentgf failures of lean transformations in industry. Most of them are known only

to insiders, which usually are subject to confidentiality. Hence, | can talk about many failures
only in abstract terms. However, there is one ipablished example (also in myva book

Faster Better Cheapethat | can talk about: General Motors. They were able to train a lot of
people in lean at the very source through their NUMMI joint venture with Toyotahent
squandered it all away. They had dozens oflenel people well trained in lean, and hundreds

of workers that believed and trusted lean, but they were unable to transfer this knowledge to
their other plants. It is pretty much a textbook case on hoW té do it. Many other companies

also failed with lean transformations, but none failed from such an excellent starting position.

39.2 The Initial Situation *NUMMI

,Q WKH HDUO\ Y V 7R\RWD ZDQWHG WR RSHQ LWVdLUVW P/

the risk they decided to do a joint venture. They first approached Ford, since they learned a lot
from Ford before. However, Ford declined (and probably regretted it afterwards when lean
became popular). They then approached GM, resulting in the NeedMdator Manufacturing

Inc. in Fremont, California, better known as NUMMI. The GM Fremont plant was by far the
worst and most miserable plant at GM, and probably the worst in the USA. Eventually it was
closed in 1982. When it reopened in 1984 together Twatyota, it quickly became not only the

best plant of GM, but produced comparable quality and efficiency as the Toyota plants in Japan,
despite having mostly the same workforce.
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Figure 348 NUMMI GM Toyota (Image Ellen Levy Finch (EIf) under the-B€SA 3.0
license)

This then was the golden opportunity for GM. They had a (joint venture) plant that excelled in

lean manufacturing. Lean had the support of the staff, managers were familidhevidan

culture, and many people knew how to do lean properly. When other companies want to do a
lean transformation, one major problem is always where to get a lot of people familiar with lean.

GM got this handed on a silver platter. They did not hdke OHDUQ 3OHDQ " IURP VF
merely transfer it to their other planfsnd that was where they messed up big time.

39.3 Using Threats and Force to Do Lean

Figure 349 Motivating the employeegfnage kopitinphoto with permission)

*0 GHFLGHG WR UROO RXW OHDQ LQ VWHSV « ZKLFK E\ LWV
selected to be transformed into lean plants, Van Nuys near Los Angeles and Norwood in
Cincinnati. The sensible approach would then be to start with a few swjaltys within these

plants, trying to have the people open up to lean, and build success stories to motivate. This
would then build the base to spread lean throughout the plant.

But GM management had a better idea to motivate pedplevV 1V KDY H ¥éatchtothed LI KW
to the death!Yes, you heard that right, they wanted a death match where only one (plant) could
survive. They set up a lean competition, and the winner did NOT get closed, whereas the losing
plant would be shut down. They used the threat ohdptheir job to force the workers to do

lean. Obviously, right from the start, the employees of both plants were very suspicious of lean,
and not motivated forleanatal. ZRQGHU ZK\ «

39.4 Using Lean to Eliminate Labor

Figure 350 Fire 25% or fire 100%7¥Image Roser)
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So, the winning plant would not be closed. But, to GM, this of course did not mean that
everybody kept their job. Oh nthe goal was a 25% headcount reductionHence, the GM
workers had the choice between gettingrgvedy fired by closing the plant, or getting one out
RI IRXU ILUHG 7DON DERXW DWWUDFWLYH RSWLRQV «

In effect, they were asking their workers for help to make themselves redundant. Unsurprisingly,
the workers were very reluctant to fire themselves, asidteance against lean hardened. Unions
FDOOHG OHDQ S WKH PRVW GDQJHURXYV VFKHPH HYHU FRQMX

39.5 Lack of Top Management Attention

Finally, and probably one of the biggest factors, was the lack of top management attention
Toyota managers are always very interested in all the details, wanting to truly understand how
things work. Obviously, as a manager you cannot go into every detail, but Toyota focused much
more in depth on a few examples, whereas GM managers were teoestied in a shallow but

ZLGH YLHZ (YHQ WKHQ *0 PDQDJHUVPGQGEWWHK HOME\XL Y. QO WG
spending real time with the situation. GM looked for methods and tools, but missed the big
picture.

Figure 351 There is more to a culture than the cloth@shiage Hassan Abdétahman under
the CGBY 2.0 license)

In my last post in this series, | described lean as a culture, using examples of different cultures.

GM did the equivalent of dressing their workers inradmo and pretending that they are now
Japanese. Lean is so much more than just its tools. To use another example, buying the best
SDLQW DQG EUXVKHV \RX FDQ JHW ZRQTW WXUQ \RX LQWR
that. A Toyota manager said that GKIQGHUVWRRG WKH SURFHVYV 3DV IDU C
SODQW OD\RXW DUH FRQFHUQHG %XW ,1P DIUDLG WKDW *0
EDVLF FRQFHSW ~

39.6 Delegating Lean

The managers at GM were always looking for a magic bullet that they thergowaikbmeone

else to use. They delegated the idea of lean to others, who further delegated it. There were
people who knew lean well through NUMMI, but they were unable to initiate a transformation
against the disinterest of the management and the oppositithe workers. They were also
dispersed into small teams or individuals, and too small of a group to act effectively, even if
there would not have been so much disinterest and opposition.
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39.7 The Outcome of the Competition

Figure 352 Site of the former Norwood Plant in 20(iinage Ohio Redevelopment Project
under the CEBY 2.0 license)

So, what happened to the competition? After all, it was Van Nuys against Norwood. Norwood
rejected the idea of lean from the beginning, and natrhappened. The workers at Van Nuys

also rejected it, but management forced some lean tools on them, although they rarely worked
as intended. You cannot do lean against the opposition of the workers. Even worse, the negative
attitude affected other plan@nd anything coming from NUMMI was resisted at by other plants.
The skills learned by the GM people at NUMMI fell on dry and barren ground, and nothing
came out of it.

Figure353 37KH 30DQW  PDOO IR UPndde Chi6ga pamiQddmaiy

Since Van Nuys did at least pretend to do something, they looked better than Norwood, which
did not do any lean at all. Hence, Norwood was closed in 1987. However, Van Nuys survived
only five more years, before also beingsgd in 1992. It is now a shopping mall, aptly named
37KH 30DQW ~

So overall, it was a mess. Lean did not take off at GM. They were not only unable to transfer
the culture from NUMMI to other plants, but the other plants actively resisted lean. As so often

it was a failure by the management. To their defense, since then they have improved their Lean
abilities, although it is still mostly toddased and without much mindset change. Ngmout,

learn from mistakes instead of repeating them, and organize youndustry!
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Figure 354 Lean lllustration (Image UncleFredDesign with permission)

In my last post, | showed you a good example of all the things you can do wrong during a lean
transformation. Leaning from these mistakes gives a list of points that are relevant for a lean
transformation. Let me show you what is important for a successful lean transformation.

40.1 You Need to Convince Your People!

Figure 355 Skeptical Workerlfhage Krakenimages.com with permission)

Lean is not a tool but a culture. Hence, you have to convince your people that lean can help
them. This is also often called a mindset change. This is fundamentally different from installing

a machine or developing rew product. Those you can simply buy or develop. Once the
PDFKLQH RU SURGXFW LV WKHUH \RXU SHRSOH FDQYW XQ¢
workers to have a product or machine removed).

Not so with lean manufacturing. Even many of theiiaiial tools in lean manufacturing
require cooperation and support by the people. If you want your people to stop the line if there
is a problem, then they have to do it every single time. If you want to level your production, it
needs constant attentibg the people doing this task. The overarching concepts of PDCA and
continuous improvement die on the spot if the people are not actively behind them. Hence,
again,you need to convince your people!

Also, you do not need to convince everybody. This is ssfide. If you randomly pick ten
employees, there is probably at least one who is against the new idea in particular, and maybe
even against the company in general. But you would need the support of the majority of your
people.
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40.2 How Do You Convince Your Peo ple?

Figure 356 Fake Motivational Poster (Image Roser)

So now the question is, how do you convince your people? As we have seen in the last post,
pressure, threats of unemployment, and a plant death match are not well soivedince

people of your ideas. This should be obvious, but apparently it is not always to all managers.
Another popular approach is to simply tell your people that it is important. Maybe even put up
some posters or similar. Or even hold a motivational s@ngonvincing your people of the

new ways.

Unfortunately, this rarely works either. Many workers in industry have long since learned to
ignore the background noise, ignoring what the bosses say, and instead look at what the bosses
do. Managers sometimesarestimate the weight of their words. Hence, such verbal emphasis
usually has little effect. At best, such talks or posters could have a minor supporting role; at
worst, they could turn the people against it, based on the outcome of the last prograas that
advertised by such phrases. If the previous tgraed programsalways made the mess bigger,

then a poster announcing the fourth will meet with resentment.

The more trust management has with their people, the easier it will be. A company that uses
maragement by fear will have more difficulties in a lean transformation. But even if your
management only has a mediocre respect among the workers, a lean transformation can still be
done. Done well, it even could increase the reputation of the management.

40.3 Start Small

Figure 357: Strawberries Small Medium Larg8rhaller strawberrie®llu under the CEBY-
SA 4.0 licensdarge oneAnR00002 in public domain)

The above is quite a challenge. Luckily, there are things that make it easier. At the beginning,
you do not need their conviction, but it suffices if they are willing to give it a try. Hence, try to

get them onboard on an improvement project to test thersvdlake sure you pick a case that

is both relevant to the workers and has a high chance of success. For subsequent projects you

179



can build on this success. The more successful projects you complete, the more the people will
trust in the method.

40.4 Involve Y our People

Figure 358 Ask us!(Image Cherie A. Thurlby in public domain)

Another VERY important part is to involve the workers in the lean transformation that affects
their area. This has two main benefits. First, the chancascoéss are higher. Nobody knows

the shop floor as well as the workers who work there every day. Access their knowledge to
ensure the improvement actually works.

Second, the workers will have a higher level of trust if they were involved in the charge. Th
GLVWUXVW VROXWLRQV WKDW UDLQ GRZQ IURP DERYH ZLW
often justified.

Of course, you cannot involve all employees in a lean transformation project. Depending on the
topic, | find a group size of five to twelve e good. This should include representatives of
different stakeholders, like management, engineering, maintenance, and especially the
operators. As for operators, in most plants there are a few alpha males or alpha females who
can shape the opinion ofdtlyroup. Having them on the team and letting them help to develop

a working solutions will make wonders toward the mindset of the whole plant.

40.5 Speak Their Language

Figure 359 Blah Blah Blah (Image studiostolsth permission)

So QR Z OH vwefiivak&Broach heijunkaing and jidokaing by getting the -buypf the

empowered stakeholders leveraging our core competency by thinking outside of the two bin
kanban , ZURWH WKLV VHQWHQFH EXW IUDQS ®Aunee@ RQIW HY
speak a language the people understand. While buzzwords, consulting lingo, and Japanese
vocabulary may (or may not) impress the management, it will definitely turn off the workers.

While | do have a good Japanese vocabulary, | activelyotgvoid using this when doing
workshops. Use plain English (or whichever language you are working in) whenever possible.
Some of the positive feedback | get after trainings is that | did not use a single Japanese word
during the entire day.
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40.6 Make It Benefic al for Them

Finally, the projects should be beneficial for the workers too. GM thought it would be beneficial
to GM to fire 25% of the people, but for some reason, the workers disagreed, and the projects
floundered. Especially at the beginning, selectquisj that have a positive impact on the shop
floor.

40.7 Management Committment

Figure 360 Management Comittme(image DDRockstar with permission)

Finally, you need management committed. Managers are used to delegate tasks to others. After
all, this is their primary job description, tmanageothers. However, you cannot delegate
changing the corporate culture! While others can assist with some saspe@ lean
transformation, it needs management support, not only passively allowing it, but actively
driving it.

Figure 361 Trumpf Logo (Image Trumpf for editorial use)

Successful lean transformations as witbmpfor Porsche had televel managers that had not
only the freedom to change but actively pushed their company in the right direction. At Toyota
it was Taiichi Ohno, and at Trumpf, it was Mathias Kammdller. The latter learned lean through
an extensive stayta Bosch joint venture in Japan. He used this experience with lean to
subsequently change Trumpf.

+HQFH WKH PDQDJHU DW WKH WRS DOVR QHHGV WR OHD
knowledge of kanban, but actively leading lean projects. Lean rsngany doing. Like riding

D ELF\FOH \RX FDQ OHDUQ LW RQO\ E\ DFWXDOO\ « ZHOO «
much here. The more a manager understands and acts the lean culture, the more he or she will
be able to help and drive a lean transfdaioma

On the opposite end, managementbgt accountings more likely to hinder lean. Often, the
EHQHILWY RI OHDQ SURMHFWY DUH KDUG WR FD@EXODWH ¢
XVXDOO\ VHW WR JHUR ,I \RX EHOLHYH WKLV 3]JHUR ~ WKHQ
does.

Overall, there are many requirements to start a lean transformation. Lean is a culture, and it
requires a mindset change, a change in culRgeple are not machines (even though managers
occasionally like to see them as such). Every person is different, and hence every plant has a
different culture. What may work for one plant may not work for others. It is not like flicking

a switch, but is @onstant work on improving the culture. In my next post, | will talk more
about how to structure such a lean transformation. ovout, convince your people of lean,

and organize your industry!
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Figure 362 Lean (Image Wrightstudio with permission)

The goal of a lean transformation is to shift the culture of an organization toward lean. In my
last post | discussed a lot of prerequisites. In this post | would like to discuss how to actually
do it. Be wared, there is no magic bullet. There is no simple trick that just turns ledni®n.

a lot of hard work.

41.1 ItIs Bottom Up

Figure 363 Top Down Bottom Up (Image Asmaith permission)

Top-level managers love to do things top dowifter all, that is what they are getting paid for.
However, you cannot make your organization lean through -aldojm decree. At the same

time, there is not enough manpower to change the entire organization bottom up at the same
time (unless you have hdreds of lean experts available likeyotg. Hence, you have to start
somewhere.

,/ \RXU DUHD RI UHVSRQVLELOLW\ LV VPDOO WKHQ WKDWTV
transform a large enterprise with multiple plants, you have to pick one plant, or even one
department within a plant where you should start. Since these projects serve to convince people

as well as training them in lean, you should pick an area and topre wie chances of success

DUH KLJK DQG ZKHUH LW PDWWHUV WR WKH RSHUDWRUV 7
VD\LQJ LW VR EOXQWO\ EXW LW LV WKDW ZD\ « WR SLFN D
need to work with people a lot, andraying cultural differences into the project makes it more

difficult. Maybe do the foreign (to you) plants later.

Also, having one successful project is not enough. From the point of view of the operators, once
is a fluke. After completing three succesgiubjects, they are more likely to trust lean. They

also know more about lean at that point. Once the lean spirit is strong enough to survive on its
own, you can focus on other departments or plants. But make sure that the environment allows
them to contina doing lean. It requires time, maybe even some invest, and people often only
do it if management is watching at least every now and then.
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41.2 You Need Capability Building

Figure 364 Training (Image Gerd Altmann in public domain)

The purpose of these lean projects is to not only motivate people for lean, but to also build
capability. Lean is a lot of learning by doing. Your people need to practice lean to become good
at it. Doing projects is the best way. Trainings and simulationshe$p them understand the
theory behind it, hence you may also invest in some training. But again, the focus is on real
projects on your real shop floor.

the CGBY 2.0 license)

Did | say building capability of your people? What about yourself? Or your boss? Depending

on your skills in lean, you should participate or lead at least a few lean pymacsslf. Similar

to the operators, leadership also needs to learn about lean. Again, lean is a culture, and a culture
starts from the top. If the top executives have only a theoretical knowledge of lean, then it will

be difficult. It is hard to support eulture if the person is not part of that culture. If the lean

culture starts only half way down the hierarchy, chances are that the top may neglect or
DFFLGHQWDOO\ HYHQ KDUP WKH OHDQ VSLULW ,W LV D EL
exerciseand dieting to others.

Depending on the lean capabilities you havhanse, or the lack thereof, you may benefit from

an external coach that can help you with lean. Such an external support could take part
throughout the entire transformation, althougie do the cost many companies opt to use this
help only during the initial stages of the transformation.
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41.3 Check and Review

Figure 366 Blue Collar Meeting (Image stylghotographs with permission)

Projects should be reviewed regiy by management and other stakeholders. Often this
happens in a meeting room with presentations, which | find not so useful. An alternative is a
meeting room withA3 reports which is betterBest is of course to do it on the shop floor
directly where the processes are. This does not mean PowerPoint presentations on the shop
floor (I have seen those!). It means looking directly at the machine as much as possible.
Depending on your circumstaag, a weekly review is often chosen.

41.4 Itls a Long -Term Process

Figure3672 2EVHUYLQJ WKH FRPSOHWLRQ (Rbge LV OHDQ WUL
Krakenimages.com with permission)

A lean transformation to change the corporate culture aki time. Probably more than you

want. It is also hard to schedule this ahead of time. Projects are not necessarily completed with
the due date, but are done if the C&A of the PDCA are completed. | understand the desire of
management to schedule it ahedtiroe, but due to the nature of lean projects it will be tough

to schedule one project, let alone a sequence of projects. The more lean experts you have, the
PRUH SURMHFWYV \RX FDQ VWDUW %XW GRQYW VSUHWHDG WKH
groups rather than with a standalone expert on its own. Also, once you have trained some
experts yourself, you can send them to other locations to support the lean transformation there.
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Figure 368 Steel or aluminum@mage RBODEunder the CEBY-SA 3.0 license)

ThislongWHUP SURFHVV VKRXOG DOVR JR LQWR WKH VDPH GLU
automotive there are frequent projects to reduce weight, especially around the wheels. The
engineers dutifully replace stesttuts with aluminum. Four years later there are similar projects

to reduce cost. The engineers then dutifully replace aluminum struts with steel. Another four
years later the priority is weight again and the struts are aluminum, only to be followed by
arother project four years later that replaces them again with steel to save cost. Overall, the
company is not moving forward, but turning in circles. After a lot of work you end up where

you started. Then you put in even more work to go there again.

2 i

& : ,. éi el
Figure 369 True North (Image Hike The Monicas under thee BESA 4.0 license)

Obviously, it is much better if there would be a consistent direction. This is often called True
North. But it is not that easy to have a good true nortterQeverything is important (usually

cost, quality, and time), sometimes with different priorities on different weeks. Even if you (or
your boss) has a good idea of where you want to be, it may not survive the next change in
command. One of the great thmof Toyota is that they were able to drive the company in the
same direction for 50+ years, across multiple generations of management.

Again, a lean transformation is not easy. It is based on lots of smaller individual lean projects,
hopefully changing he culture of your company over time. Nogop out, get the lean
transformation going, and organize your industry!
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Figure 370 Abstract Wave (Image galinadvorakth permission)

Fluctuations are bad for manufacturing. In lean, unevenness is ¢ine thiree evils, besides
waste and overburden. In this post | will give you an introduction to fluctuations. One option
to handle fluctuations is decoupling, but this addresses only the symptoms and not the cure. In
my next post | will show you how to actily reduce fluctuations.

42.1 Introduction

Figure37: '"HVFHQGLQJ L@&dge NAKSHE R¥bkc Domain)

Fluctuations are part of all production systems. Fluctuations are actually part of everything.
According to the second law dfiermodynamics, entropy (disorder) can only increase in a
closed system. Over time, everything, the whole universe, drifts toward chaos. Unfortunately,
this includes your shop floor. It takes energy to reduce the chaos on your shop floor, but as soon
as You stop taking care of your shop floor, chaos will increase again. Even with your best efforts,
you cannot eliminate chaos completely, only reduce it. Hence, keeping fluctuations in check is
a neverending task on your list oft&G R |V

Figure 372 Car Crash (Image Thui@ public domain)
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Fluctuations usually happen randomly. A machine breaks. A delivery is late. A customer buys

a product (which, in itself, is not bad, but the irregularity in which it happens can cause
problems). Other fluctuations are not random and may be, for example, cyclic like seasonality,

or even planned like a ntg¢veled production plan. Any deviation from perfect monotony is a
IOXFWXDWLRQ <RX ZRQTW EH DEOH WsizebreRaGniDgooQuded X FW X [
different products, whose different requirements and needs are a fluctuation.

Figure 373 Waves in a Pond (Image unknonw author in public domain)

The big issue with fluctuations is, unfortunately,tttieey do not stay in place. If you throw a

stone in a pond, there will be a local splash, but also a wave that goes across the pond. Similarly,
in a production system a fluctuation will run through the value stream, both upstream and
downstream. A machinbreakdown will empty inventory downstream, subsequently cause
machine stops, and can eventually lead to a missed sale or a late delivery. The same breakdown
fluctuation also travels upstream, filling up inventory, subsequently also stopping preceding
proeesses, and even could lead to canceling an order with your supplier.

7KH ULSSOH GRHVQTW VWRS WKHUH %RWK \RXU FXVWRPHU
fluctuations through the delayed or canceled order. Hence, this simple machine breakdown
fluctuation can travel quite far in both directions of the value stream, even if the original cause

may no longer be visible. Systems outside the value stream may also be affected. The machine
breakdown may require additional efforts by maintenance, which e/ tb a postponed

planned maintenance somewhere else, which in turn may cause other problems.

Figure 374 Bullwhip effect (Image Thwongterry under the-B&SA 3.0 license)

Even worse, in some cases the fluctuation may incré@eeaffected systems try to manage

the fluctuation, and inadvertently make it worse. Along supply chains this is known as the
bullwhip effect. Overall, fluctuations are not good, but fluctuations traveling up and down (and
sideways) on your value streameaeally bad. A lot of the fluctuations you have on your shop
IORRU RULJLQDWH IURP RXWVLGH RI \RXU VKRS IORRU D
fluctuations for others and give them a headache, too).

Figure 375 Three Evis of Manufacturing (Image Giuseppe Canaralflydime under the
CC-BY-SA 2.0 license)
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In lean language, this is one of ttieee fundamental evils in manufacturingou probably

know waste (90, muda). But there is also overburdét¥( , muri) and xrelevant herex
unevenness|(, mura). While overburden is considered the worst, unevenness is the second
most important evil to fight. Mura can be translated as unevenness, inconsistency, erraticness,
irregularity, or lack of uniformity.

It may not sound exciting, but you want your shop floor to be boring! In most cases, the fewer
fluctuations you have, the better your system will run. (An exception where monotony would
be bad is, for example, perfecthable customers that consistently never order anything.) While
some people live and breathieefighting, not having to firefight in the first place is actually
much better.

42.2 What About Decouplin g?

Time

Capacity
Figure 376 Triforce Inventory Capacity Time (Image Roser)

Fluctuations are much worse since they travel up and down the value stream. Hence, one
possible way to work with fluctuations is decoupling. While the fluctuatioh exilsts,
decoupling will reduce the impact of the fluctuations on other parts of the system. In a way, you
reduce the impact of fluctuations on others. In the best case you may even isolate the fluctuation
to its origin, and have no other systems affected

Sounds good, right? Well, you are already doing it to some degree. There are three fundamental
ways to decouple fluctuations. For more, see my posttenThree Fundamental Ways to
Decowle Fluctuations The best known ignventory. You buffer fluctuations through
inventory. If there is a disruption, buffers may keep other processes working by filling up or
emptying, depending on the location. The larger the buffer, the better its &bitigcouple
fluctuations.

The second way to decouple fluctuationscépacity. You change the work time of your
machines and workers to match the changes in demand. This is also done to some degree, but
requires more effort and ideally an advanced notice.

The third way to decouple fluctuationstiie. This is usually the default fallback if the other

two approaches were insufficient. In effect, machines, workers, or customers wait until the issue

is resolved. If you do nothing, time will take care of yfluctuations. Like ripples on a pond,

they will eventually stop. Unfortunately, this is often the least desirable outcome. You usually
GRQIYW ZDQW \RXU PDFKLQHY DQG ZRUNHUV VWDQGLQJ DUR

6RRR « LI EXIITHUV GHFRXSOH |OjXsF puXdpVhufier® everywhdtd? GR Q TV
Problem solved, right? Well, unfortunately no. Big buffers will decouple fluctuations in the
material flow, although possibly not all. However, they come at a cost. There is tugp tied

capital and the used storage spddet there arenany morenegative effects of inventories,

including an increase of the lead time, administrative overhead, delay in the information flow,
handling, aging and subsequent crapping absolescence, and more.
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Figure 377. Extra capacity(Image zhaubasawith permission)

Similarly with just having tons of capacity available. Having extra machines and workers for

the occasional fluctuation is also expensivel hance it is done sparingly. Firefighters spend

D ORW RI WLPH ZDLWLQJ EXW \RX GRQYIYW ZDQW WR UXQ RXYV
manufacturing systems, this is only a limited option.

Overall, while you can decouple fluctuations, it does address the problem, but only the
symptoms. It also costs time and money. Lean is known (among other things) for reducing
inventory. The idea is to reduce it to the inventory you need to decouple (most) fluctuations,
and then to reduce the fluctuatioitself so you can reduce the inventory even more. Hence,
reducing fluctuations is more important than reducing inventory.

After this lengthy introduction on why fluctuations are so important, my next posts will look
LOQWR KRZ WR UHGXFH WKHVH IOXFWXDWLRQV %XW SOHDV!
is a difficult, grueling, and nevernding effort. They are alsm myriad of different causes of
fluctuations. Nowgo out, get those fluctuations under control, and organize your industry!
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43 6WUXFWXUH IRU 5HGXFLQJ JOXFWXDWLRQV

Christoph Roser, October 20, 2020 Original at
https://www.allaboutlean.com/reduckfluctuationsstructure/

Figure 378 Abstract Wave Molecule (Image Drevynskyi Maksym with permission)

This post looks at how to reduce fluctuations (mura) in manufacturing. It is a continuation of
the previous post that looked at why fluctuations are so bad. Be warned, tackling fluctuations
is often a tedious task that never ends, but it one of the important fundamentals for lean
manufacturing. After all, the more stable a system runs, the more efficient it is. Leveling is one
major method to reduce fluctuations that focuses on the prodsctieaule. Line balancing is
another one that focuses on the work content.

43.1 How to Tackle Fluctuations

The process of reducing fluctuations follows a certain schema. | will go into more details of
each of them later on. The illustration below also visugalites approach. And again, it is
tedious work!

x First, you would have to find the fluctuation to tackle.

X Next you have to check where it originates. If it originates outside of your area of
responsibility, congratulations, you have found the probably difigtult problem. Not
only do need to find the root cause, a solution, and implement the solution, but you also
have to convince the person in charge to do so.

x If it is within your area of responsibility, it is a bit easier. You have to distinguish betwee
random fluctuations like machine breakdowns, and predictable fluctuations like
seasonality. If it is random, you have to find the root cause before developing and
implementing a solution.

x If the fluctuation is predictable, then you have to distinguigivéen unplanned
fluctuations like seasonality, or planned fluctuations like your production plan. The easiest
case is probably a planned fluctuation, because (in theory) you could reduce it merely by
changing your plan. In any case, you still need to dgvalsolution, implement it and
check if it worked.

190


https://www.allaboutlean.com/reducing-fluctuations-structure/

Figure 379 Fluctuation Structure (Image Roser)

However, please note that due to the large number of possible reasons for fluctuations, this
guide is only a rough outline. Theaee still plenty of things for you to analyze and decide on.

43.2 Select Fluctuation

Figure 380 Which wave to tackle@mage NOAAinder the CEBY 2.0 license)

The first question is which fluctuation you want to tackle. This is natasy question. There

will be lots of sources of fluctuations on your shop floor. It will feel like a ship in a stormy
RFHDQ WU\LQJ WR GHFLGH ZKLFK ZDYH WR LQYHVWLJDWH
time to investigate a wave in more detaihcg you are just trying to survive a wave. After this

wave has passed, you are just trying to survive the next one, and so on. Switching this metaphor
to the shop floor, you are constantly firefighting but not changing any of the fundamentals. You
need tdfind time to reduce the size of the waves hitting you!

Figure 381 Calm seaglmage marekssteiris public domain)

Maybe you are in the lucky situation that your waves are already much smaller. You are no
longer in constant feasf drowning, but try to optimize yourself and make the waves even
smaller. While this is probably much more profitable than a stormy ocean, it still leaves you
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with the problem which wave to tackle. And again, this is not an easy question. Toyota does
quite a bit of monitoring to detect fluctuations, so it can act upon them.

Anyway, regardless if the waves are crashing over your head or just gently rocking your boat,

you have to pick one to look at in more detail. Chances are that you have certain types of
recurring problems. Those that give you the biggest headaches are potential candidates for
improvement. Select a few of them for further consideration.

o
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Figure 382 Impact effort matriXlmage Roser)

Like most improvement projects, the traafé is between the impact and the effort of getting

the impact. As explained in a previous pblstw to Manage Your Lean ProjectsPriortize,

this is easiest done in an impadtort matrix. Please note that both the impact and the effort

DUH JXHVVWLPDWHY <RX SUREDEO\ GRQYfW KDYH DQ\ KDUC
best guess.

43.3 Fluctuations Originate Outside Your Area of Resp  onsibility?

Figure 383 Man on Island (Image sabelskayith permission)

Fluctuations can have a multitude of reasons. Your next steps depend on a couple of questions

as described above. The first question you should asthis fluctuation originates within your

area of responsibility, or not. If it is within your area, you have good control of the possible
DFWLRQV ,W ZLOO EH PRUH GLIILFXOW LI LW LV IURP RXWVL
quality is ratheunpredictable, then you have to work with your supplier to improve quality.

The frequent problem with fluctuations originating from outside your area is the challenge to
motivate others to work on the fluctuation. Hopefully, your supplier is actuallypgviib work

on what is essentially your problem. Depending on your connection to the supplier and your
influence on the supplier, the supplier may or may not be interested in the additional work to
reduce fluctuations. In the worst case, you will get engpomises and no results. This can
KDSSHQ HVSHFLDOO\ ZKHQ \RXTUH RQO\ D VPDOO FXVWRPH!

However, do consider that even though you think the fluctuations come from the supplier, they
may actually originate with you! For example, if the deties of the supplier are somewhat
FKDRWLF DURXQG WKH GHVLUHG GHOLYHU\ GDWH FKHFN L
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short notice from the supplier. There are probably other fluctuations that caused the fluctuations
of the supplier, and it raly originates only from one location.

Such situations can quickly turn into a blame game. You blame your supplier, your supplier
blames you or someone else, who then again blames someone else. Soon, the week is over,
everybody is frustrated, and nothitgDV LPSURYHG 'RQYW JR GRZQ WKDW
will come out of it.

It is much better to address fluctuations originating from your own area of responsibility. These
\RX FDQ DFWXDOO\ LPSURYH \RXUVHOI « DOWKRotmesnd W PD\ I
else.

43.4 Random or Predictable Fluctuation?

Figure 384 Random eventdmage spass with permission)

The next question you have to ask yourself is if the fluctuations are random or predictable.
Predictable ones are easier uaderstand, because you probably already know why the
fluctuation is happening. Seasonality is a common, predictable fluctuation. More difficult are
random fluctuations. They happen with no warning. Common examples are machine
breakdowns. Often with randofluctuations you first have to find out why the fluctuation is
happening. This will feel like a detective work. You have to collect clues (data) to understand
the situation and to catch the Killer (the fluctuation).

Actually fixing it may often be quiteimple. | had plenty of situations where a machine was
behaving erratically and messing up the material flow just because a sensor came loose over
time. Simply tightening the screws fixed the problem.

43.5 Planned or Unplanned Fluctuations?

Figure 385 Electrical Engineer (Image NACA in public domain)
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The final question to ask is if your fluctuations are planned or unplanned. Many fluctuations

are unplanned. Some are at least predictable like seasonality, but others are almost @npossibl

to predict like machine breakdowns. However, some other fluctuations are actually planned!

This sounds counterintuitive, because why would you plan fluctuations? However, by setting

up a production plan, a work schedule, or an imbalanced line, youlpgilaa fluctuations!
3ODQQHG IOXFWXDWLRQV DUH KHQFH RIWHQ HDVLHU WR X
7R UHGXFH WKHP \RX MXVW KDYH WR « ZHOBveind&oDIDQ EHW W |
balancing In my next post | will talk a bit more on the difficult topic of reducing fluctuations.

Now, go out, tackle those waves, and organize your industry!
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44 5 HGXFLQJ )OXFWXDVWIHOPPY 8
Christoph Roser, October 27, 2020 Original at
https://www.allaboutlean.com/reducikfluctuationsupstream

Figure 386 Abstract Wave Water (Image Lotus_Studio with permission)

This post will list a number of tools that can help to reduce fluctuations. They can reduce
fluctuations in the material flow, including its inventories ahd tlurations and lead times.
Since reducing fluctuations (mura) is an underlying important idea throughout lean
manufacturing, a lot of tools can help. And, depending on how you interpret tools, this list is
not even complete.

44.1 Source =Make zDeliver

Deliver

Figure 387. Source Make Deliver Fluctuations (Image Roser)

Fluctuations can happen anywhere along the value stream, or even outside it if a support process
acts up. But most commonly it happens in the value stream before your area, in your area, or
downstream of your area. Hence | have listed selected methodshieolean toolbox along
source, make, and deliver. The source may be your suppliers, but also could be production
systems in house that supply your area with material. In general, it is upstream of your area.
Similarly, deliver could be your customer, ompeoduction system in house that takes your
material. In general, it is downstream of your area.

| have grouped these tools where they have the largest impact, although many of them have a
positive effect on the entire value stream. Leveling is one exaimglean reduce fluctuations

both downstream and upstream. Most of these tools can be done within your area to have a
positive effect somewhere else in the value stream, which in turn will again benefit you.

44.2 Source
44.2.1 Reduce Part Variants

One way to reduceluctuations is to reduce part variants. It is general wisdom (and also
accepted science) that larger parts volume fluctuate proportionally less than smaller part
volumes. The product you make only a few times per year will be much more random than the
product you make every day. Hence, reducing part variants will reduce your fluctuations.

Below is a structure on how to decide if you can remove a part. However, | can tell you by

experience that reducing a part variant is an uphill battle. It feels likeHsisypork. You put

in a lot of effort to reduce three part variants, and at the same time thirty new part variants are
introduced. To change part variants, you need support from design and development.
Unfortunately, design and development lives to create stuff, not to eliminate old stuff, and
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hence they may be less enthusiastic about it. For more on how to reduce part variants see my
posts orDesign for Assembly Questions PararidPart 2

Figure 388 DFMA Logic Tree Remove Pgitnage Roser)
44.2.2 Local Suppliers

Figure 389 Longdistance supplyimage Roser)

Another option is to use more local suppdi. The farther away your supplier is, the longer it
takes for material to arrive. Any adjustments or changes need time to pass through the value
stream before they are effective at your location. Similarly, but usually underestimated, the
distance also akes the information flow more difficult. Long distance communication is
possible, of course. But a lot more information can be conveyed and faster if you just visit your
supplier or vice versa.

This delay in material and information flow increases fluttunes, as it takes time to work

against them. If your sales go down and you want to reduce production, tough luck. You still
have three months of goods in the supply chain from overseas. You either produce and store
completed goods, or store excess p&tsances are also that you may overreact and tell the
RYHUVHDYV VRXUFH QRW WR SURGXFH DQ\WKLQJ VLQFH \RX
\RX GRQTW QHHG :KHQ WKH PDUNHW LPSURYHV DJDLQ LW
What | just desribed you is the weknown bullwhip effect. We had exactly this situation

during the 2007 financial crisis, and will have the same situation during CQVYID

Many automotive plants try to have local suppliers. Seat makers especially are often literally
next door or even osite at the car plant. Toyota in Toyota City has the majority of its suppliers
within a two-hour truck drive, making it so much easier to deliver just in time.
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44.2.3 Leveling

Figure 390 Leveling (Image Roser)

LevelLQJ LV D PDMRU WRRO WR UHGXFH IOXFWXDWLRQV , OL"
ODUJH HIIHFW RQ WKH 0DNH” SDUwW , H LW ZLOO QRW RQ(

for you.

Please note that there are different ways to lé\ah all in favor of sequencing your lot sizes
every day as evenly as possible. This should be feasible for pretty much everybody, regardless
of lot size.

Figure 391 One Piece Flow (Image Roser)

| am very hesitant to use a lergpattern. Often, leveling is seen as a muétek pattern, where

the entire production plan is defined weeks in advance. The major (!) problem is that due to
other fluctuations, very few companies can actually follow a production plan that was set up
weeNV DJR ORVW FRPSDQLHV FDQTW UHOLDEO\ SURGXFH R
Monday! Being forced to change the mwiteek plan on short notice will increase the
fluctuations, not reduce it. Hence, such a mulkek pattern often has the opposite effefct
INCREASING fluctuations!

Figure 392 Leveled Example (Image Roser)

You can find more on leveling in my series of posts starting Witly Leveling (Heijunka) Is
Important including the good approac¢htroduction to OnePiece Flow Leveling Part and
Part 2 and the neso-good approaclrolly of EPEI Leveling in Practice PartahdPart 2
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44 .2 .4 Reduce Lot Size

Figure 393 What is your lot size@mage otsphoto with permission)

Finally, you can reduce fluctuations simply by reducing your lot size. This will also have
beneficial effects on both your source and your own area. The perfect |t i However,

not every company can achieve a lot size of one right away. However, reducing a lot size is in
general beneficial, as long as you can still produce what you need within the given time
including change overs. And, always remember, changes@an be optimized usirgiVIED!

Any reduction in changeover time is usudibst invested in more changeovers and a reductio

in lot size For more, see my series of posts starting witkv to Determine Your Lot Sizéor

some inspirational examples, lookaR\RWD{V DQG "HQVRIVY 5HOHQWOHVYV 4

In my next post | will look at tools that can help you with reducing fluctuations in your own
DUHD LQ 3P Qdadt, reduRedyour source fluctuations, and organize your industry!
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45 5HGXFDQXFWXDWLRQV RQ <RXU 6KRS )ORR!

Christoph Roser, November 3, 2020 Original at
https://www.allaboutlean.congducingfluctuationsshopfloor/

Figure 394 Abstract Wave Blue (Image Hisok#th permission)

Fluctuations can also originate within your area of responsibility. In my previous post, | looked
at how to reduce fluctuations comifrg@m upstream. In this post | look at your shop floor.
Using the sourecenake GHOLYHU VWUXFWXUH WKLV SRVW LV DERXW |

45.1 Make

Source Deliver

Figure 395 Source Make Deliver Fluctuations (Image Roser)

There arealoRl SRVVLELOLWLHYV IRU UHGXFLQJ IOXFWXDWLRQV
nature, like line balancing and preventive maintenance. Others are organizational, like flow
shops and pull production. Please note that besides the methods listed in thieepo gt also

leveling and lot size one, as explained in my last post.

45.1.1 Line Balancing

Figure 396 Hands Circle (Image Robert Kneschke with permission)

Line balancing is having all your stations produce at roughly the same, Sgeally the
customer takt. This reduces fluctuations in the work content. While it may not be obvious, this
is also a source of fluctuation: it fluctuates the workload of your workers. Alternating between
idle and working are fluctuations (mura), whiahturn can create both waste (muda) and
overburden (muri). Balancing your line reduces such fluctuations, and improves your system
performance. For more details | have amdst series only ohine Balancing
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45.1.2 Preventive Maintenance

Figure 397: Repair with Barrier (Image dashadima with permission)

Preventive maintenance, or even maintenance in general, can reduce the tricky fluctuations of
machine breakdowns. Howevéhjs is often tough, since you may not know why the machine
broke down in the first place. Even if you do, there may be many different reasons why a
machine breaks down. Identifying the main reason for the breakdowns is tricky and may take
some time. Howegr, it is worth it. The solution is often surprisingly simple.

| have many examples of such problems. For example, one machine that tested some tubing
had an Gring wear out every two weeks. The number of defects increased, not because the
product was fawy but because the testing machine was. This led to a loss of a couple thousand
euros worth of products every two weeks until their@ was fixed. The simple solution was

to replace the @ing not after it wore out but before. Instead of fixing it evevg and a half

weeks when defects increased, it was automatically replaced every one and a half weeks, before
it woreout. The @ULQJ FRVW DURXQG Ya

Another example is a machine component that counted sheets. Unfortunately, there were
frequent miscountsand maintenance could not find out why. Eventually someone figured out

that the screws attaching the component to the machine were loose. The component was simply
wobbling and hence miscounted. The fix was easy: just tighten the screws, and maybesadd som
DGKHVLYH VR WKH VFUHZV GLGQMYW FRPH ORRVH E\ WKHPVH

There are plenty of other examples where something broke and the problem went away after it
was fixed. A shaft bearing was broken, creating more faulty products. An air ventilator was
clogged,causing the machine to stop due to overheating. A cable was not plugged in, leading
to wrong data. Once you find it, the fix is not that difficult.

45.1.3 Flow Shops

/IHWYV VWDUW ZLWK WKH IDFW WKDW , ORYH IORZ VKRSV
Efficiency, visual management, control, productivitalmost every important KPI improves
in a flow shop compared to a job shémd this of course includes fluations!

ol[s]Io] o
offlo¥n é
nnn /I\

Flow Shop Job Shop Project Shop
Figure 398 Flow ShopJob ShopProject Shop (Image Roser)

Job shops usually have an irregular material flow, which sometimes put loads on one process,
sometimes on others. It is hard to balance the workload, it istd&ekp a steady flow, and it

is hard to keep the inventories under control. All of this is much simpler in a flow shop, where
you can balance the workload more easily, define clear inventory buffers, keep all processes
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working at the same time, and havsteady and stable stream of material coming out. If it is
in any way possible, try to convert a job shop into a flow shop. For more info, see my posts
Why Are Job Shops Always Such a Chaotiedd?andHow to Convert a Job Shop into a Flow

Shop
45.1.4 Pull

Figure 399 Children Tug of War (Image Christian Schwier with permission)

Pull production is anothevay to reduce fluctuations. The basic concept behind pull is to have
an upper limit on your inventory. Whenever an item leaves the system, another job is started.
This avoids the clumping together of jobs and makes production much more smooth. It also
avois the dreadful bullwhip effect, where fluctuations can increase along the supply chain.

The best known approach to implement pull is kanban, but there are many othe€3Nikeél P,
POLCA, or reorder point methods. | have written many post on kanban, so lookliat iy
post for kanbarrelated topics. A book on pull production is @ntly on the final stages of
editing. Of my many posts on pull, |1 especially recommeéhd (True) Difference Between
Push and PulindWhy Pull Is So Great!

45.1.5 Just in Time, Just in Sequence, and Ship to Line

Figure 400 Relay Race Hand Over (Image tableatny under theBGQ.0 license)

Just in Time (JIT), Just in Sequence (JIS) and Ship to Line (STL) are a few related tools that
streamline the material flow both inside and outside of the plant. Toyota even considers Just in
Time as one of the two main pillars of their Toyota Productigstedn (along withlidoka;see

next heading).

The underlying concept afust in Timeis that material arrives when it is needed, wherg

needed, in the right amount and in good quality. Too much, too little, too early, and too late
should be avoided. But be warned, Just in Time is not easy and requires already a system with
few fluctuations. | have seen plenty of plants that showedWi¢HLU -XVW LQ 7LPH LQY
ZRUWK GD\V RI SURGXFWLRQ RU PRUH «

Just in Sequends the idea of having parts arrive in the right sequence as they are needed at

the assemblytie. This makes sense only for expensive or big parts. It is often used for seats in
automotive. FinallyShip to Lineis the idea of moving material directly from the loading docks

to the line, wihout any warehousing in between (but possibly with a shuffling area). Any Ship

WR /LQH VA\VWHP LV DOVR -XVW LQ 7LPH DV \RX FDQYW KDYt
Therefore it also requires an already pretty stable system with few fluctuations.
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45.2 Jidoka

Figure 401 Broken Machine in Jidoka (Image Roser)

Finally, the second pillar of the Toyota production systemligokg also known as
Autonomation. The idea is thatnaachine detects abnormalities by itself. Such abnormalities

could be quality issues, process issues, or lack of material. If such an abnormality is detected,
the machine stops automatically.

This may sound counterintuitive. If you want to reduce fluctunsti why do you stop your

PDFKLQH" :HOO EHFDXVH LI \RX GRQYW WKH IOXFWXDWLRQ
than if you did not stop your machine!

There are probably even more methods or tools to reduce fluctuations on your shop floor. Most
lean tools are connected to reduction of fluctuations. But for now, these should suffice. In the
next post | will talk about how to reduce fluctuations on the customer side of your value stream.
Now, go out, get those pesky fluctuations under control, andrganize your industry!
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46 SHGXFLQJ )OXFWXDWLRQV 'RZQVWUHDP

Christoph Roser, November 10, 2020 Original at
https://www.allaboutlean.com/reducistuctuationsdownstream/

Figure 402 Abstract Wave Dots (Image INGA RA with permission)

This last post of my series looks at fluctuations that originate downstream from your location.
In otherwords, how to reduce fluctuations originating from your customer. Granted, this often
is the most difficult one, as you usually have not so much influence over your customers (unless
\RX KDYH D PRQRSRO\ /HWYV KDYH D ORRN

46.1 Intro

Deliver

Figure 403 Source Make Deliver Fluctuations (Image Roser)

Again, following the sourcanake GHOLYHU VWUXFWXUH ZH QRZ ORRN D\
customer. It may be the end customer; however, it could also be simply the next stage in the
value stream, which again is your customer.

As always, there is the possibjlito decouple using buffer inventories. Or you could adjust the
capacity to better match the customer demand. However, these two approaches address only
the symptoms and not the cause of the fluctuations.

46.2 Deliver

Figure 404 Deliver! (Image nullplus with permission)

Your overall goal in reducing fluctuations originating from your customer is to have your
FXVWRPHU RUGHU PRUH UHJXODUO\ 8QIRUWXQDWHO\ \RX
simply telling the customer when to @rd However, even then there are some methods that
nudge your customer to order more regularly.
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46.2.1 Sales Promotion

Figure 405 15% OFF (Image Roser)

One popular method is a sales promotion. You reduce the price to increase suli@dy Siou

could also increase the price to reduce sales. By adjusting the price, you can change the
customer behavior. However, this also affects profit. Maybe you sell more items but with lower
profit, or less items but with higher profit, in any céades an influence on the profit. If it helps

you to make more profit, then you should have done this already just for the money. If it reduces
profit, you have to be careful that the cure of lower profit is not worse than the disease of less
fluctuations

A similar approach that keeps the price stable is a marketing campaign. You do not change the
price, but merely motivate more people to buy your stuff. But be aware that marketing is a bit
of a magic black box that does not always work.

These approachésve some delay between the implementation and the change in the behavior.
Hence, it is more for longegerm fluctuations. It is also helpful if you can predict a change in
demand beforehand. A key example is seasonality, but it may also be an upcoaiiogdage,

or an increase or decrease in the sales tax. In any case, by carefully adjusting these levers, you
may be able to reduce the magnitude of fluctuations.

This does require coordination between sales on one side and production and/or logiséics on t
other side. | was on the receiving end of a very successful sales and promotion campaign that
hit my shop floor with increased orders when we were not even able to satisfy the initial demand.
It increased the fluctuation and led to many delayed dedisebut sales looked good because
they sold stuff. Anyway, poor coordination can lead this to backfire.

46.2.2 Expand Markets

Another example to counteract fluctuations is to expand markets. This can work in multiple
ways. In general, the larger the sales volutime smaller the fluctuations compared to the sales
volume. Hence, if you sell more, your fluctuations grow slower than the output. And,
management usually does not mind if the profit grows along with the increased sales.

Figure 406 Your anticyclic customefimage Donald Hobern under the €&y 2.0 license)

If it is a seasonal fluctuation that you want to reduce, you should try to expand into new markets

that have an antiyclic behavior. Skiing gear usually is highly seasonat,ib Australia the

skiing season is July and August. Unfortunately, there are only 25 million people in Australia,
SOXV DQRWKHU PLOOLRRQ LQ 1HZ =HDODQG 'RQYW \RX Z
have more people?
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46.2.3 New Product Variants

Figure 407: Your anticyclic product(iImage Malcolm jarvis under the CBY-SA 3.0 license)

There may also be a possibility to introduce new products that have arydittiseasonal
behavior. If you are making ski sticks, consider expanditg hiking sticks. The whole idea
of Nordic Walking originated from the desire to have a product that you can sell in summer.

46.2.4 Reduce Product Variants

Figure 408 Sales and Manufacturing Dream (Image Roser)

Another option is toreduce product variants. This may be confusing, since the previous
suggestion was to add new product variants. However, the additional variants were for
DQWLF\FOLF PDUNHWYV 7KH UHGXFHG YDULDQWY DUH IRU W

This works in two ways. First, deicing product variants will (hopefully) increase sales of the
reduced variants. Higher quantities mean automatically a more stable demand.

Figure4092 2QH RI WKH PDQ\ YDULDQWYV (IrRade JiowRdeHthe RE SDUW P H
BY-ND 2.0 licensg

Second, it means less components and products to track. You also get higher demands for fewer
components. A common example is cars. If you buy a Toyota, there are a few model variants,
with few options. Most Western car makers have many ropt®ns, which increase the
fluctuations and subsequently the overall cost. An Audi A6 has over 150 variants for the glove
compartment alone, and 18,800 variants for the door cover. Think of the logistic nightmare of
having 150 different glove compartmerfor the same car! Reducing some of these variants

will have a lot of benefit, one of which is the reduction of fluctuations.
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Be aware that you may face a lot of resistance from sales and management in general when you
want to reduce product variants. Th&rgument is that having more different products allows

you to capture more market niches. They are, of course, also correct. Normally you would do a
costbenefit analysis, but in this case there is probably no hard data neither for the extra market
niche nor for the reduction in fluctuation. Such situations where you have to argue based on
opinions rather than facts can quickly get messy.

So, as you can see, there are some options for reducing fluctuations on the customer side. Of
course, these requirdf@t and may also cost some money. You have to decide which one is

worth the cost. Also, | never said it is easy. Overall, it may be easier and better to start reducing
IOXFWXDWLRQV ZLWK 3VRXUFH” RU 3PDNH" UDW#vel ybuW KD Q 3(
some inspiration. If | forgot anything that you think can also help, please let me know. Now,

go out, reduce your fluctuations, streamline your system, and organize your industry!
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47 7TKH ,PSDFW Rl %UH[LW RQ 6XSSO\ &KDLQV

Christoph Roser, November 12020 Original at
https://www.allaboutlean.com/brexd@ind-supplychains/

Figure 410 Brexit Banner(lmage bennymartwith permission)

On December 31, 2020, the transition period will end and United Kingdom will be out of the
European Union. Brexit will be complete. But | fear the mess will be only starting. In this post
| want to look at the impact %o UH[LW RQ VXSSO\ FKDLQV W ZRQYW EH ¢

47.1 Background

Figure 411 The decline and fall of the British Empir@@ameronunknown author under the
Open Government Licence version, May Tomasz Ostrowski under the BY 2.0 licese
JohnsorEU2018BG Bulgarian Presidency under the-B¥ 2.0 license)

A political gamble by British prime minister David Cameron in 2016 led to abmding

referendum on the European Union membership of the United Kingdom. Amid much
disinformation, 51.8% of the people of the United Kingdom voted to leave the European Union.
'‘DYLG QRSHTG RXW RI KLV RZQ PHVV DQG UHVLJQHG +LV VX
the withdrawal process known as Article 50 in 2017. This process allowed for two years to
QHIJRWLDWH WKH IXWXUH UHODWLRQVKLS ZKLFK GLGQYW K
2019, and Boris Johnson took over. He signed the withdrawal agreement in 2020.

Figure412 6WHS DIWHU VWHS @giaydC@us kurairbkrihg BEBY-SA
3.0 license)

+RZHYHU WKLV ZLWKGUDZDO DJUHHPHQW RQO\ FRYHUHG
citizens residence rights, the border in Ireland (where Northern Ireland sort of stays in Europe
and the border is in tHesh Sea), the European Court having the final say ofURUlisputes,

and a transition period that ends December 31, 2020. It included not much on the flow of goods,
stating only that items that were sent out before the deadline should be deliveredtextie

deadline.

There has been lots of time for negotiating the future relationship. Politicians frequently
DQQRXQFHG DQRWKHU 3VWHS IRUZDUG ~ EXW DSSDUHQWO\
looks like there will be a ndeal hard Brexit at #h end of the year. This is sometimes
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HXSKHPLVWLFDOO\ FDWOOH G BRO$ X \BXWDWKBQ(8 GRHVQITW UI
Australia. Trade would revert to the rules of the World Trade Organization.

47.2 What Will Happen on January 1, 20217

Figure413 +DSS\ 1HZ <HDU (ImageRNdw@iRdA with permission)

On January 1, 2021, Britain will be, for all legal purposes, outside of the European Union. It
looks like there will not be any trade agreement between the EthardK. Britain does not

have many trade agreements with other countries either. The only deal | know of is with Japan,
and it is not any better than the deal the EU had with Japan. With trade, Britain is to the EU the
same as Palau, Somalia, Sudan, enthtican. Trade between the EU and the UK falls back to
WTO terms. This means taxes and paperwork.

But before normal taxes and paperwork come into play, something else will happen:
Confusion! When your markets change, they usually do so over time, arubcaes can adjust.

/IHIDO FKDQJHV KRZHYHU ZLOO EH DEUXSW :KHQ WKH FOR
a whole new set of rules comes into play. In theory, they are known beforehand. In practice,
however, they are complex and hard to understandit anllitake time for the people to learn

these rules. Specialized software tools are programmed to help with this paperwork.

JRU HI[DPSOH +HU ODMHVW\YV 5HYHQXH DQG &XVWRPV +058¢
Service (CDS), at a cost of around £100ioml It is claimed that this software is ready, but |

believe on January 1, it will be at best only an alpha test. Have you ever seen a custom made
software that worked right from the start? | believe it will be a mess. This software also
communicates wht other software at retail and industry, and it seems many of these interfaces

will not be ready in time, let alone working reasonably well. There is also a lot of training to be

done for the people to use these tools correctly.

Figure 414 The Bottleneck in Kerftmage Nilfanion, modified by Roser under the-BESA
3.0 license)

In sum, people who have little understanding of the legal framework and little training

will use an alpha version of a software that cannot communicateith the other software

tools. What could go wrong?l expect at least three months, but probably six months or more,

of chaos. After six months, a resemblance of normality may come, but only because trade has
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dried down to a trickle and the available wornkd® has had more time to sort out every
individual declaration. There may also be similar problems on the EU side, but | expect them
to be fewer, since the EU seems to be a bit better organized. The UK expects large delays, and
is building gigantic overflev parking lots. They even created an artificial internal border, and
you will be able to enter Kent (where most goods pass through) from the rest of the UK only
with a permit. The UK likes taking control of their borders so much, they created some more, |
JXHVV«

47.3 What Will Happen Once Normality Resumes at Customs?

Figure 415 Trucks at Customs bordéimage Aleksei Smolensky with permission)

Probably around the second half of 2021, British Customs may look normal again, albeit wit

a much smaller volume. Custom declarations may take around one hour of paperwork for most
goods, and the shipment delays will be probably less than half a day, especially if the Customs
forms have been prepared beforehand. But now there will be immbeqort taxes. These

are also very confusing. Importing live horses into the UK has a tariff for 10%, unless they are
for slaughter, which has no tariff. Asses are taxed at 6%. Ducks, geese, and guinea fowls all
have different rates that depend on thegheof the animals. Cars have 10%. Besides tobacco
products, the highest rates are for grape juice, with 4886rC¢. Tariffs also apply to import

into the EU. Overall, it will be costly!

47.4 What Is the Impact on Industry?

Figure 416 Burning Money (Image www.tOrange.us under theBXC4.0 license)

Brexit will have a lot of negative impacts on industry due to the new Customs regulations in
both directions. There is thmst Both the pperwork and the tariffs will increase cost and
reduce profitability. If you build a Ford engine in LondDagenham, send it to Kdéin in
Germany to make the car, and then sell the completed car to the EU, Customs will be paid
multiple times. Industry hatepsts!

Even worse than the cost is tlust time. Modern supply chains are often tight. Obviously,
IUHVKO\ FXW IORZHUV ZRQfW GR ZHOO LI WKHbérish8#HeQG DQ |
products are also often part of pisttime supply lines, whera delay can lead to an expensive

stop of a plant. Industry hates lost time!
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Industry can, if necessary, factor the delay into their supply chains. Howeviugcthations

of the delaywill also increase. Sometimes it will work well, but sometimes soweall forget

a checkmark on a Customs form, resulting in an extra day or two until the paperwork is sorted
out. This will make any kind of jush-time delivery impossible. Industry hates fluctuations!

And, at least currently, worst of all is thacertainty. Will Customs work? Will my supplier
survive? Is it still economical to ship across the channel? Trading between the EU and Britain
has a lot of uncertainty. Industry hates uncertainty!

47.5 What Can Industry Do?

Figure 417. Distracted Boyfriend Meme (Image AntonioGuillem with permission)

In most cases, trade across the channel becomes significantly less attractive. It may often be
faster, better, and cheaper to avoid trading across the channel. Industry will look for
altematives? and is already actively doing so. European industry has it easier, as the
alternatives include all of the EU and many other countries worldviddgsh industry is
OLPLWHG WR« ZHOO« %ULWDLQ DQG QRW HYH@wlUkH I1XOO 8
sortof EU).

European firms are already doing this. New supplier contracts are much less likely to be involve

the UK. Decisions on production locations also rarely involve the UK. New investment in
Britain is falling.

47.6 What Will Be the Impact ont he EU and the UK?

Figure 418 PostBrexit Full Menu?(Image Roser)

Brexit will hurt the EU. Ten percent of all EU imports come from the UK, and 14% of all
exports go to the UKJourcg. It is much, MUCH worse for the UK. Fortythree percent of

the goods exported from the UK go to the EU, representing around 7.7% of British GDP. Fifty
one percent of the UK imports cenrom the EU. Within the EU, it will probably hurt Ireland,
Belgium, and the Netherlands the most.

It will also not hurt all companies equally. There are even some winners, where companies
benefit from the Brexit. But it will hurt many companies, espécah the British side. Many
VPDOOHU FRPSDQLHV ZRQTW VXUYLYH WKH FKDRV RI WKH |
delayed for weeks. Perishable goods may not even survive the trip (and | already feel sorry for

the trailers full of cattle and othavéstock).
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Even reasonably healthy companies that just survived the CQYIpandemic may be killed
off by Brexit. Even companies that have little or no international trade may be collateral damage
from this.

Figure 419 MediocreBritain One Ounce 2025 (Image Roser)

Food prices will rise. A comparable example happened with Hurricane Katrina in 2005. The
VWRUP FORVHG WKUHH SRUWYV WKDW WUDGH Rl $SPHULFD
in the USA rose by 3%Sourcg. With Brexit, they will rise more, and not only for food.
Unemployment goes up. GDP goes down. Inflation will gpagBritain tries to attract more

trade through lower prices. All of this is hard to estimate.

And this does not even cover the impact on other sectors like finance, services, travel. Even
political unrest at the border to Northern Ireland is possibletl&8® and Northern Ireland may

leave the union to join the other union. Overall, Brexit is an awful idea. Taking control of your
ERUGHUV IHHOV JRRG EXW LI WKH RWKHU VLGH GRHV WKH
VHOI KandJiRle'good wl come out of it. | sincerely do hope that | am wrong, but my best

expert estimate is looking terrible for the U¥ow, go out, brace for the storm, and organize

your industry!
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48 +RZ WR /HDUQ /HDQ

Christoph Roser, November 24, 2020 Original at
https://www.allaboutlean.com/het@-learn-lean/

Figure 420 Smiling Manager in a Warehouse (Image mavoimagtspermission)

Lean manufacturing can help you and your company greatly. But how do you learn lean? Of
course, there are plenty of Six Sigma lean black belts and other certificates available online, but

do they really make you understand lean? In this plosté some suggestions on how to learn

lean. These can befollowed by people with access to an actual shop floor to work on. However,

| have also included suggestions for people, e.g. students, that do not have access to a shop floor.

In this case, you canR « OHW \WHomP Onprovemet /HWTV KDYH D ORRN I
suggested actions for learning how to do lean!

48.1 On Online Courses and Certificates

Figure 421 Get your lean certificate herélmage Nancy Wombat under the B§ 2.0
license)

There are a myriad of online courses available that claim to certify you in lean. Six Sigma
courses seem to be especially popular. The cheapest one | found will certify youltedre a

Six Sigma Black Belbr £59, although they claim that itk@s six months. If you want it faster,

you can get a $9€ertified Six Sigma Black Batburse with 50 questions in 60 minutes. (If

\RX ZDQW WR NQRZ ZKHUH WKHVH DUH , DP 127 OLQNLQJ W
still too expensive to youygt make up and print a certificate yourself. After all, the term is not
protected.
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Figure 422 Only 5 more clicks to become a certified master SCUBA diledge kjekol
with permission)
$Q\ZD\ , GRQTW KDYH HRedrdertificates\yakerntipughQhere @ Huite a demand
for theses on the market. Doing an online course in lean is like an online SCUBA diving course.
No matter how good the course is, it is not going to make you a proficient diver. Similarly,
readngaHDOO\ JRRG ERRN RQ KRZ WR GULYH D FDU ZRQTW SU
Theory, of course, does have its place in learning lean, but it is more of a supporting role.

48.2 Learning by Doing!

Figure423 7KDW TV K Rome &Hvde(hinfage Joakant in public domain)

In my view, the most important part of learning lean is to actually do it! As with learning how
to drive or learning how to SCUBA dive, the most important part is to actually do it! Go out
there and practicedm by improving your system.

Of course, if you are a beginner, you should look for easy cases first. Just like when you learn

to drive, you do not start out with a Ferrari during rush hour in a snow storm in New York City.

You need a safe and easy playgrddor lean. Try to work on an areawhebe PLVWDNH ZRQT
break the companybut is something that can be easily fixed. Also, try to take an area where

you can haveyuick improvement cycles If any change has a sironth delay because you

need new tools maractured, then it will be difficult to learn.

Figure 424 Triangle Kanban for my A4 Pap@mage Roser)

These quick improvement cycles are also easier if igtprove a process that happens
frequenty ,1 \RX ZDQW WR LPSURYH \RXU DQQXDO LQYHQWRU\
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once per yeait helps if the improvement sasy to see and understandf you need an hour

of analysis just to see if something has changed, then it will be difficult to learn. For all of those
reasons, try t@void anything related to your ERP systemwhen learning lean. Changing
your ERP software usually needs a programnsehard to see, takes time, and can break the
company if it does not work. Please note that these limitations are for learning only. Later on,
you eventually may have to also tackle problems that are risky, slow, infrequent, difficult to see,
or (shuddet) involve your ERP system.

Figure 425 Washing machine dai@mage Roser)

You will certainly be able to find a problem in your company that needs improving, and does
fit the criteria above. Even if not, you can always practe lat home. After all, at home you

also have plenty of frequent processes like doing the laundry, restocking consumables, cleaning
the room, and many others. Can you do a FIFO for your dinner plates? Can you establish a
simple pull system for consumabled have pull systems for paper and printer ink, among
others. Can you collect data on a trickier problem? For example, our washing machine has the
habit of stopping sometimes, but infrequently. About a month or so ago, we started tracking
washing cycles o paper and wrote down when it stopped and when not, to find out the cause
of the problem.

The advantage of practicing lean at home is that yeHn—full-control « RQO\ KDYH WR
coordinate with your spouse and children. The risk is manageable, the anglgsick, it is
HDV\ WR XQGHUVWDQG DQG \RXU KRPHESUREDEO\ GRHVQTW

48.3 Theory

Figure 426 Book for Studying (Image PixabayPublic Domain)

/HDUQLQJ OHDQ LV OHDUQLQJ E\ GRLQdIp. Bioing\eOtheMhaoxyG\LQ J V
is important to help with practicing. You learn driving in a car, but it is supplemented by
classroom study. You learn how to SCUBA dive in the water, but there are also theoretical
lectures. Similarly, when doing lean, the expems in your lean playground should be
supplemented by theory.

214



But again, you should start with an actual improvement project on which you practice your
skills. Hence, the theory should match your needs for the improvement project. If your
improvement invlves changeover optimizatiolS{/ED), there is little need to studyalue
stream mappingt this point, although it may be of interest for algdroblem. So find yourself
good sources on how to do lean. | have even heard there is a websité&thab@ut Lean«
JRVK |, ZRQGHU ZKHUH , VDZ WKDW «

48.4 Simulations

Figure 427. Bottleneck Walkraining in Poland(Image Lean Poland with permission)

A popular way to learn lean is to do simulations and games. John Bicheno has written a whole
Lean Games and Simulations Bofilled with lean games, most of them for groups. Many
institutes that offer courses in lean and related methods use simulations and games. Depending
on your improvement project, different games may help you to understand the behavior of
manufacturing systems and thpeople better.

Figure 428 NASA Astronaut training in a water taflknage NASAn public domain)

Yet, here too these simulations and games are only an aid. No matter how elaborate the
simulation is, it is only a pale copy ofaléy. Even fancy training factories lack the details of a

real production system running under cost and time pressure. To make a realistic simulation
requires more resources than what is normally available. Think NASA training astronauts. You
F D Q 1 Wthe@oow d&nd figure out the details on the way. But even then, the simulations are
not as good as reality. Therefore, simulations can help, but can in no way substitute practical
experience.

48.5 Coach, Mentor, Buddy, and Other Support

Figure 429 Coaching (Image unknown author in public domain)
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What can help you, however, is another person to work with. Ideally, this other person has more
lean experience than you (i.e., a coach or mentor). Your path to lean can be accelerated by the
NQRZOHGJH RI WKLV PHQWRU +RZHYHU GRQYW H[SHFW Wi
contrary. In my viewa good coach should never give you the answers, but should ask you

the right questions!

If you are lucky, there is a coach or mentor aroundhhattime to work with you. But just as

likely, you may not have such a support. Even then, it helps to work together with someone
else. Even if that person does not know more about lean than you, you can ponder problems
together. Hence, seek to partner apeven make a small group of study buddies to learn from
each other. While none of you may have the complete answer, all of you may have some puzzle
pieces for the solution.

Regardless of how many coaches you have, you should always work togethéewpdople

using the system you are improving. They may not know as much about lean as you do, but
they probably know much more about the system than you. Hence, you can definitely learn
from them too.

Finally, if you are already more experienced and aeelging or mentoring someone else, you

FDQ DOVR OHDUQ IURP WKHP <RX UHPHPEHU ZKHQ , VDLG 3
DQVZHUV EXW VKRXOG DVN \RX WKH ULJKW TXHVWLRQV™" 7
way you may expect, but very oftdretanswers are something you did not think about yourself.

When | mentor or coach others, | also learn from them.

48.6 Summary

Learning lean is not a task for a weekend. It is a long journey. It is like learning another
language; it takes time and practice ézdme fluent. Depending on the skill level you want to
achieve, the learning never ends. It is lots of practice by doing improvement projects. It is
(often) a series of trial and errors and trial again until you succeed.géawt, learn by doing,

and organize your industry!

48.7 References
Bicheno, JohnThe Lean Gameand Simulations BoakBuckingham: Picsie Books, 2014.
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49 7KH %DWRQ 7RXFK )ORZ /LQH

Christoph Roser, December 1, 2020 Original at
https://www.allaboutleartrom/batortouch/

Figure 430 Relay Race Hand Over (Image tableatny under theBGQ.0 license)

The baton touch is probably the easiest way to do /matihine handling in a line. This ease

of-use makes it a very popular approdor the assignment of the operators in a line. An
operator is in charge of a fixed set of processes. The operator always repeats the same loop of
processes. Multiple operators, each with their fixed assignment of processes, work on a
production line togener. It is quite simple.

49.1 Introduction

Figure 431 Animatedean rabbit chaseThe original image can be found at
https://www.allaboutlean.com/flexibleanpoweilines-4/. (Image Roser)

The baton touch is one of the different ways to mproduction line with fewer operators than

you have processes. The other options are the rabbit chase and the bucket brigade. Most of them
are better suited for an-lihe, to reduce the time needed to walk back. In a rabbit chase, the
workers keep on workgon one part through all the processes in the sequence. For more details,
check my post oiihe Lean Rabbit Chase in alline.

Closer to the baton touch is the bucket brigade. Workers processtarpagh the series of
processes until they meet the next worker coming back or the end of the line. Here, they hand
over the part and walk back until they meet the previous worker or the beginning of the line.
For more details, check out my two posteemn the_.ean Bucket Brigaddn any case, they

take the part and process it. The number of processes a worker handles depends on the speed of
the worker.

Figure 432 Animated licket brigade IoopsThe original image can be found at
https://www.allaboutlean.com/flexibleanpoweilines-4/. (Image Roser)
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49.2 The Basics of the Baton Touch

Figure 433 Animatedbaton touchThe original image can be found at
https://www.allaboutlean.com/flexiblmanpoweilines-4/. (Image Rosgr

The baton touch is very similar to the bucket brigdude with a fixed set of processes for each
worker. Like in a relay race where each runner has to cover a fixed distance, each worker has
to handle a fixed number of processes. This has the advantage that each worker has a fixed
number of processes assignevhich makes it easier to train the workers. It also avoids the
somewhat lesstructured hanaver of the bucket brigade. On the downside, it does not include
anaueDGMXVWLQJ IRU WKH ZRUNHUYfYV VSHHG :KLOH LQ WKH
more ground, in the baton touch the faster worker has to wait for the slower one.

49.3 Organization of the Baton Touch

Figure 434 Animatedchakuchaku line The original image can be found at
https://www.allaboutlean.com/flexibleanpoweilines-4/. (Image Rosgr

The baton touch line can be completely manual or-setimated. In the latter case, it isenf
called achakuchaku ling for which the baton touch is one popular option (others being the
rabbit chase or the bucket brigade). One common feature of the-chaku line is that the

opemtor inserts the part in a process and starts the process. When the process is completed, the
part is ejected automatically.

Like with any semiautomated process, it is recommended for the process to be faster than the
worker. In lean philosophy, it is ingfite to let the worker wait for the machine. The other way
round is perfectly acceptable, and the machine can wait for the worker.

Figure 435 Direction of Chaku Chaku (Image Roser)

218


https://www.allaboutlean.com/flexible-manpower-lines-4/
https://www.allaboutlean.com/flexible-manpower-lines-4/
https://www.allaboutlean.com/chaku-chaku-line/

It is highly recommended to have the workeedknn the same direction as the material flow.
This makes it much easier to transport the material along. Walking in the other direction would
either require tracking back frequently to get the parts, or an automated transport system.

49.4 On Buffers

In manufacturing, you need buffers to decouple fluctuations. With the baton touch, the machine
is waiting for the operator anyway. Hence you do not need much buffer between the processes
for the loop of one operator. If the machine ejects the part autorhgtal just need space

for one part to be ejected.

Figure 436 Chaku Chaku Buffer (Image Roser)

If the operator removes the part by hand, you do not need any buffer at all. Here, a buffer may
even be worse than no buffer. Theeggdor needs to touch the part for removal. If the same part
goes directly into the next process, we save time since the operator does not need to grab the
part again. However, if there would be a buffer in between, the worker would have to put the
first part down and grab the second part to put it into the next machine. Hence, no buffer may

be a better solution here.

However, it makes sense to have buffers between the loops of the operators. Ideally, the work

of the operators is well balanced. But evemttsmetimes a worker may be slower or faster

than usual, or a problem at a process took a bit more time (part was stuck, reset button needed
WR EH SUHVVHG « +HQFH D VPDOO EXIITHU EHWZHHQ V

performance of the syste
49.5 Number of Workers

Figure 437: U-line-flexibility (Image Roser)

Often, the number of workers is adjusted depending on the demand. If you have a high demand,
you add a lot of workers. For lower demand, you man the line with fewer workers (or run it for
shorter times). With the baton touch approach, you would assigacadequence of processes
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to every worker based on the number of workers in the system. | recommend udingdtse
Standard Worlapproach to assign the stations to the different nuoieorkers.

With multiple workers and multiple stations, you also need to keep track of which worker is
qualified for which station. This is ideally done with a skill matrix. A skill matrix is a simple
table with one row for each worker and one columreeh process. It tracks the qualification

of each worker for each process. You can even distinguish on multiple qualification levels (e.qg.,
untrained, basic, fully qualified, and trainer). Make sure an operator has at least a basic
gualification for all asigned processes.

49.6 Summary

Overall, the baton touch is a very common method to organize your workers in a flow line.
Alternatives are fully staffed lines where each process has one operatatiihehase and
thebucket brigadeWhile the latter two may sometimes have a slight advantage in performance,
the bucket brigade is much easier to organize and manage. ddowyt, structure the
operators assignment in your flow line, and organize your industry!
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Figure 438 True North (Image Hike The Monicas under the BGSA 4.0 license)

Lean manufacturing often talks about true north. This is the direction in which your operations
should move to becomEHWWHU 6RPHWLPHVY WKDW PD\ EH D ELW IX]]
true north could include.

| am fully aware that reaching true north in all aspects is unrealistic. If you actually reached
WUXH QRUWK WKHUH ZRXOG EH QRW kKgandt @yHdaefsWrR LP S U
manufacturing. You can always get better! Heramhieving the list below is not realistic

But hey, as | am writing this, it is almost Christmas, and it is okay to make a wish! | hope that

this unrealistic list helps you to get skr to true north in at least some aspects.

50.1 Introduction

Figure 439 Magnetic North over Time (Image Cauitder the CEBY-SA 4.0 license)

In navigation, true north is the geographic north pole. It is at the axis around whieartie
rotates (the other end would be the geographic south pole). Hence, if you want to go to the north
pole, you just have to keep going north. The easiest way is using a compass with a magnetic
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needle. However, the needle does not point to the geograptth pole, but to the magnetic
north pole (which, coincidentally, is a south pole in magnetic terms).

Furthermore, the geographic north pole does not move much (only a bit due tovaatstimg

and plate tectonics). The magnetic north, however, moviés gbit over time. Hence, your

magnetic needle will point in the wrong direction, the closer you come to the pole. If you
actually are at the north pole, the needle would point south, and you would be going the wrong
direction. Good maps include inforn@t on this difference, and also on how it is expected to
change over time. Lean (and others) use thisriareh analogy to describe the direction your
FRPSDQ\ VKRXOG UHDOO\ EH JRLQJ ,I \RX GRQYW NQRZ \RX
in circles.

Figure 440 Steel and Aluminum Parts Automotive (Image Roser)

Let me give you an example from the automotive industry. There may be a push to reduce
weight in cars for better performance. Hence, steel parts will be replacelighign but more

expensive aluminum parts. Five years later, the drive is no longer weight, but cost. Aluminum
parts will be replaced with cheaper but heavier steel parts. Another five years later, the drive is
toward weight again, and the steel partsrapdaced with the aluminum parts again. This cycle
VHHPV WR UHSHDW HYHU\ ILYH RU VR \HDUV 7KHUH LV ORW

7R PH D JRRG FRPSDQ\ LV D FRPSDQ\ WKDWTTV DEOH WR IR
generations of edership. Toyota, for example, pust&dED for multiple decades to reduce
WKH FKDQJHRYHU WLPH 6R OHWTV ORRN QRZ DW ZKDW WU?>

50.2 Material Flow

The ideal material diw is inlot size one This is also with @hangeover duration of zero In

a world perfect for manufacturing, there would also be only oneygst However, this is not

the goal for the entire company, and you probably would not want to drive toward a single
product company. Howevethe number of product variants should be a good tradeff
between the effort of making multiple products and thebenefit of making multiple
products. In my experience, most companies have a lot of product variants in very small
guantities whose continued existence should be seriously questi®hedproduction
sequence of these different part types should be a pectanix over the working duration.
Distribute all part types as evenly across the day as you can.

Figure 441 A good sequence mix examfilrage Roser)

The distance between the different processes should be zeoo as close to s possible.
Ideally, the machines are right next to each other. Do not ship parts around the world and back.
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50.3 Inventory

Figure 442 Inventory (Image Axisadman under the-B&SA 3.0 license)

Lean is legendary for reducing invdRtU\ +RZHYHU \RX FDQYW UHGXFH WKH
need parts that are worked on. You have parts in transit. But there shawidifesntory

except for the parts that are actually either moving or being processed his requires Just

in-Time, Justin-Sequence, and Ship-Line.

50.4 Information Flow

Figure 443 Worker in Factory making a Phone Call (Image Standiié&t permission)

The information flow should bénstantaneous and without any loss of information or
miscommunicatin. All required information should be available. However, there should be

no excess information since it requires effort to gather and store, and it may hide the actually
relevant information.

50.5 Fluctuations

Source Deliver

Figure 444 Source Mae Deliver Fluctuations (Image Roser)

Simply said, there should b® fluctuations(murg whatsoever. The customer orders regular
like a Swiss clockwork, and suppliers and production deliver parts and products with equal
regularity. Nothing of souremakedeliver should fluctuate. The production should Hwa

shop, andthe line should be grfectly balancedwithout any waiting time.
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50.6 Quality

Figure 445 Ball Bearing (Image Roser)

The perfect requirement for quality is simpero defects and zero rework!Nothing should

ever be defective or reworked. If there dediect (which of course never happens), the processes
should detect the defect automatically and the process should be stopped. This is the idea of
Jidoka, or autonomation.

50.7 Waste

There should bao waste (nudg. You surely know the seven types of waste. These should be
eliminated.

Figure 446 Seven types of wadienage Thomas Sdllner with permission)
50.8 Overburden

Figure 447. Stiff Shoulder Worker (Image sunabesyou with permission)

There should also be no overburden of the workexsf. First and foremost, this requires a
perfect safety record It would also requé the work being neither too difficult nor too easy,
but just right without being monotonousll employees and other people should be treated
with respect The workers should have a positive attitude toward work and the company
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50.9 Continuous Improvement

Figure 448 Kaizen Word Bubble (Image PixelsAwaiyh permission)

If you have achieved true north, then there would be nothing left to improve. Nevertheless, on
the way to true north, continuous improvement is an important pamntebigou should have
continuous improvement or kaizen. This is not assigned to a continuous improvement
specialist, but is engrained with all employees (including the CEO) and supported by
managemenimprovement follows the PlanDo-Check-Act (PDCA) sequence

50.10Where Paradise Meets Reality

7TUXH QRUWK LV QRW UHDOLVWLF 7UXH 1RUWK LV D GUHDP
idea is not necessarily to reach true north (do you actually want to go to the north pole every
time you pick up a map?). But ihauld help you to find the right path.

You will also find that there are contradictions in the above list. For example, there should be
no fluctuations, but work should also be not monotonous. Orefbet of achieving zero
defects may not be worth the co¥he closer you get to these different true norths, the more
contradictions you will find. Luckily, most companies, possibly even including yours, still have
a looong way to go before they evget close to true north.

JXUWKHUPRUH \RX ZRQYW EH DEOH WR SXVK HYHU\WKLQJ W
is where this laundry list of industrial paradise above may be helpful. Pick your focus areas!
Which areas from the long list above anest relevant to your company? Where are you, and

where do you want to be? If safety or generally overburden of the workers is unsatisfactory, it
should be high up on your list, as should be quality. Continuous improvement is the actual
process that helpgu to go toward true north, wherever it may be for you. Overall, you have

to decide which direction is most relevant for your company in the long term. It may not even

be on this list, since | make no claim for completion. But you should know whereagmtuav

go. Otherwise you will be just wandering around aimlessly. Nywaqut, pick your direction,

and organize your industry!
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Figure 449 Supermarket Checkout (Image Robert Kneschke with permission)

Lead time is a key factor for dosner satisfaction, especially with mat@order production.

Hence, many companies want to reduce this lead time. In this blog post | show you the basic
levers that influence your lead time, and a few more that may also apply to some cases. You
have to fnd the combination of these levers that works best for you. This is the first post in a
series of four posts on how to reduce lead time. Most of the series focuses on production, but
the last post looks into reduction of lead time in development.

51.1 Introduct ion

Figure450 :DWHU WDQN H[DP S @ihgB RaseqVWOH TV /D Z

The lead time is the time between a part or job entering the system and the time the completed
product leaves the system. For ma&erder, this may also includetler elements like
development or purchasing. For makeorder, the lead time defines the waiting time of the
customer for his goods. For matastock, it is slightly less relevant, since the goods are
(ideally) already on stock. It may still make setseeduce the lead time, however, for a faster
information flow within the value chain. Since maikestock tries to reduce the inventory
anyway, a reduction in lead time is often a nice side benefit.

7KH HDVLHVW ZD\ WR GHWHU RAaW &6 s be®w. Y & svhplly tvidey /LW W
your inventory (measured in pieces) by your throughput (measured in pieces per time) and get
WKH OHDG WLPH /LWWOHYV /DZ LV TXLWH DFFXUDWH DQG
they are somewhat stable. #h LQYHQWRU\ IRU /LWWOHITV /DZ LQFOXG
inventory, but also the items that are currently processed. For more details, Be®gwfor
[LWWOHYV /DZ

+J R AKINPU

The lead time is significantly influenced by the utilization and the fluctuations of the system
(arrival and processing fluctuations). While there is no accurate mathematical formula-for real
world cases, the Kingman Formula is a good approximation ofvéliing time for a single
process with a single product type and a single queue. The formula is shown below, but for
more details check my article dine Kingman Formula
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51.2 The Different Ways to Reduce Lead Time

Figure 451 Messy Warehouse (Image Christin Michaud in public domain)

Overall, we have a couple of different ways to influence our lead time. Many of these are
somewhat connected, shanging one may have beneficial side effects for another one too.
One option is to reduce theventory, which | will discuss in this blog post. My next post will
look at the effects dfuctuations and theutilization . A third blog post will look athro ughput

andlot size The final post in this series will look at the development process, where many of
these effects are found again.

This blog post starts by looking at inventory, because this is the primary tool to reduce lead
time. Even many of the othdevers like fluctuations, utilization, and lot size reduce the lead
time by reducing the inventory. This crucial role of inventory on lead time (and many other
factors) is why lean pushes so hard to reduce inventory. Even theleemwmes from an
inventory reduction.

51.3 Reduce Inventory

Figure 452 Warehouse worker checking the inventory (Image WavebreakMediaMicro with
permission)

/IRRNLQJ DW /LWWOHYV /IDZ WKH EHVW ZD\ ZzD\ WR UHGXFH
Sound simple enough, but unfortunately it is not. Inventory does have a purpose in
manufacturing, the biggest of which is to cover fluctuations. Others are to actually have a part

to work on, and sometimes you can reduce cost by buying in bulk. For more pestihy

Do We Have Inventory?
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Figure 453 Not enough inventory@mage Roser)

$Q\zD\ \RX FDQMW MXVW UHGXFH \RXU LQYHQWRU\ 1 \RX
fluctuations, you will be missing material more often, your utilization goes down, and your lead

times may increase again. However, many companies have much more inventory than what
they need to cover the fluctuations. Your first step is to figure outrhaeh inventory you
DFWXDOO\ QHHG « ZKLFK LV XQIRUWXQDWHO\ QRW D SUHFI
would need an infinite inventory, which is impossible. The inventory level is therefore always

a tradeoff between what fluctuations you wantdover and how much inventory you want to

have.

This, in turn, is related to the importance of the utilization, fluctuations, lead time, and product
availability. In general, mak#o-stock systems have a higher inventory to ensure a high material
availabiity. Make-to-order systems usually have a tradde between the lead time and the
utilization. In any case, you need to figure out your target inventory level.

Figure 454 Too much inventory@mage Ford in public domain)

Since this is an imprecise science, this is best observed in your real system. What material is
always plenty in supply? Can you reduce it? What material is often out of stock? Should you
increase it? Pull systems can help you both with determining aigeeatory level, and with
keeping your inventory at that level. If it would be a kanban system, you should deteomine
many kanban you negdnd set up a kanban system.

Hence, your firsstep in reducing the lead time is to figure out how much inventory you actually
need for your system. Subsequent steps addressing fluctuations, utilization, and lot sizes enable
you to get away with even less inventory. But you should not have more invémo what

you actually need.

| hope this brief introduction to reducing the lead time by reducing the inventory to the actually
required levels was helpful for you, although chances are you already suspected this relation.
Nevertheless, | like to be thmugh and start with the basics before going into more details in
the next posts. Nowgo out, reap the enormous benefits from reducing inventory, and
organize your industry!

P.S.: This series of posts is based on an inspiration by Rajan Suri, and gtgerchaf his
bookQuick Response Manufacturiagd chapter 3 from his bookW |V $ERXW 7LPH

x Suri, Rajan., WV $ERXW 7LPH 7KH &RPSHWILWLYH $GYDQWDJH |
Manufacturing 1 edition. New York: Productivity Press, 2 ISBN 9781-439805954.

x Suri, RajanQuick Response Manufacturing: A Companywide Approach to Reducing Lead
Times Portland, Oregon, USA: Taylor & Francis Inc, 1998. ISBN-97%6327201-1.
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Figure 455 Airport Waiting (Image mazzzwith permission)

This second post in a series on how to reduce your lead time looks deeper at the effect of
fluctuations and utilization. Improving these will reduce your inventory and hengegras
ILWWOHYYV /DZ UHGXFH \RXU OHDG WLPH

52.1 Reduce Fluctuations

Source Deliver

Figure 456 Source Make Deliver Fluctuations (Image Roser)

Your inventory helps you to cover fluctuations. The next step would be to reduce fluctuations

LQ -DSBD@#AVH/ KLY LV DOVR QRW H D-gadst sefiesl shevQtvr&@uc& LG D P
fluctuations in the source, make, and deliver sidgur value chainlt is a Sisyphean task that
never ends, since fluctuations always tend to increase unless they are actively reduced. The
Kingman formulawhich | showed in the last post indes the fluctuations for the arrival and
processing times, but this is a simplified model. In reality, you have multiple part types, multiple
processes, and multiple queues. On top of that, the arrival of parts is often initiated by the
departure, as ira pull system the departure of one part initiates reproduction. Hence,
fluctuations in the demand pass through to fluctuations at the arrival.

Overall, it is hard to say how beneficial a reduction in fluctuations will be, but it will be
beneficial. Hencereducing fluctuations is an very important but underrated aspect of lean
manufacturing.

Figure 457. VIP Label (Image Roser)

2QH IOXFWXDWLRQ WKDW DIIHFWV WKH OHDG WLPH HVSHFLEL
gueue, the jobs in the VIP queue are prioritized and have a shorter lead time. This, however,
comes at a cost of longer lead times of theitlhjobs. As long as you prioritize no more than
20%80% of the work, the negative impact on the MiR jobs is neggible. However, the

more jobs you prioritize, the worse the effect on the-vith jobs. Eventually, the nex/IP

jobs may have a lead time approaching infinity.

With maketo-order, reduction in fluctuations help primarily with reducing lead time. With
maketo-stock, the primary goal of reducing fluctuations is to reduce inventory, and a reduction
in lead time is a nice side effect with additional benefits.
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52.2 Reduce Utilization

Figure 458 Overworked worker (Image Roser)

Another majo factor in the Kingman equation is the utilization. As the utilization approaches
100%, the waiting time approaches infinity. The utilizationtimdirectly tanother way to
manage fluctuations. There are three ways to decouple fluctuatioasfory, capacity, and

time. Having a utilization of less than 100% gives you a capacity buffer to decouple fluctuations.
If you want to have high utilization, you need lots of inventory in theesysb reduce the
chances of running out of material. Lots of inventagpu guessed ittmeans a long lead time.
Hence,100% utilization is a really bad target for a production system!

For one, your production system is not balanced perfectly, and sooespes are needed more

than others. It is absolutely normal and okay for-hotilenecks to have less than 100%
utilization. Even bottlenecks have less than 100%, since the bottlenecks usually shift. It also
depends on how you measure utilization. Iaét percentage of the time a machine is scheduled

for production? Or is it the ratio of the actually produced good parts to the maximum number
of parts that could theoretically have been produced in the same time? This is better known as
the OEE. Aiming for a 100% OEE is unrealistic (unless the number is fudged, and | have seen
plenty of OEE claimed to be above 100%ust as a reference, Tagaaims for around 90%

OEE.

Figure 459 Utilization and waiting time according to the Kingman equaflonage Roser)

In any case, a utilization of less than 100% gives you a capacity buffer to handle fluctuations.
You could also use inventory to decouple fluctuations. However, a capacity buffer does not
increase your lead time, whereas inventory does. On the downswdgaaity buffer with
workers and machines waiting for parts costs you too. The question is aftirdddween
unused capacity and additional inventory. Furthermore, this-trfide not linear as shown in

this graph based on the Kingman equation. Theetlyou get to 100% utilization, the more
inventory you need to cover even the smallest fluctuations. For an utilization of 100% you need
+in theory xan infinite inventory. Please note that the graph measures only the waiting time
for a simplified systenwith one queue and one process, but similar behavior can also be found
in more complex systems.
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Hence, reducing utilization a bit below 100% will save a lot of inventory and hence a lot of lead
time. A sweet spot is often around 809#90% utilization, althaugh it depends on the details

of your system. Reducing the utilization further has much less impact on the inventory and
hence the lead time. For example, if you reduce your utilization from 60% to 40%, the impact
on the inventory and lead time is negligibbut now your workers stand around even more,
which costs money.

Figure 460Q lllustration for shift patterns (Image Roser)

The Kingman equation gives a nice relation between utilization and lead time. But again, the
Kingman eaation is a simplified model of the real world. Regarding utilization, it assumes a
roundthe-clock nonstop working system. Such systems exist in reality. However, most
systems do not work twenfgur hours a day seven days a week. Instead, you may have o
shift or two shifts four, five, or six days per week. This gives you another way to use capacity
for handling fluctuations, namely with overtime. Overtime where you call people in when you
need them is cheaper than having them waiting around if thecewsrk. On the downside,
overtime requires a bit of preparation, and hence can cover mealilongerterm fluctuations

like seasonality. Overtime can also handle fluctuations whosetehorteffects were buffered

by inventory. If you see your buffenventory going down, you may schedule overtime.

Figure 461 Clocking out at the end of the shift (Image Ministry of Information in public
domain)

But keep in mind that even with overtime, your utilization will not be 100%. Grertiannot
cover shorterm fluctuations unless you have inventory. Trying to reach 100% utilization will
again blow up your inventory and lead time. In sum, it is okay to aim for getting the most out
of your system. But keep in mind that it will not haved®% OEE, and that is okay. Also keep

in mind that if you run your system around the clock like a paper mill or similar, you need an
additional capacity buffer (a lower utilization) if you want a short lead time or a good product
availability.

Hence,reducing fluctuations in general and utilization to a reasonable level will reduce

your inventory and hence your lead time Now, go out, reduce your fluctuations, manage
your utilization, control your lead time, and organize your industry!

P.S.: This serés of posts is based on an inspiration by Rajan Suri, and also chapter 7 of his
bookQuick Response Manufacturiagd chapter 3 from his bookW |V $ERXW 7LPH

x Suri, Rajan., WV $ERXW 7LPH 7KH &RPSHWé&phséH $GYDQWDJH |
Manufacturing 1 edition. New York: Productivity Press, 2010. ISBN 917839805954.

x Suri, RajanQuick Response Manufacturing: A Companywide Approach to Reducing Lead
Times Portland, Oregon, USA: Taylor & Francis Inc, 1998. ISBN-9786327201-1.
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Figure 462 Traffic Jam (Image B137 under the &Y-SA 4.0 license)

Two more factors for reducing your lead time are the throughput and the lot size. However, the
throuchput has a smaller effectalthough with other benefits that are often larger than the
reduction in the lead time. The reduction in the lot size can have a huge effect, although usually
only for maketo-stock production. Nevertheless, both are worth loglat if you want to
reduce the lead time.

53.1 Improve Throughput

Another possible approach to reduce lead time is to speed up the system (i.e., to improve
throughput). You simply crank out more parts in the same time.

Figure 463 Four empty green wine bottles (Image Roser)

My apologies, did | sagimply? Unfortunately, it is not quite that. If you just randomly improve

the speed of your processes, you may waste a lot of effort. The output of a system is defined by
the bottleneck. Heae, you need to find the bottleneck. This is complicated by jotileneck

shifting between different processes. | spent a lot of time developing two methods to detect
shifting bottlenecksthe Active Period Methodnd theBottleneck Walk Once you found the
possible bottlenecks, you need to improve thévhile you may think first about technical
solutions, there are also organizational solutions to improve bottlenecks. For more details, see
my series otottleneck managemerBut somehow, you have to improve your throughput.

In practical terms it may be easier to measure this as the line takt, which is the inverse of the
throughput. You can also see this as the line cycle time plus the average losses. How long is the
average the between the completion of a product? Reducing this will improve your lead time

(all other things being equal). If we replace the throughput with the line takt, the lead time
HTXDWLRQ LQ /LWWOHYV /IDZ FKDQJHVY FDQ EH UHDUUDQJHG

A=Q@BHE +IJRAIJPEKENIAG =GP

This is now a linear relationship. If you shave one second off your line takt, you will shave one
VHFRQG RII \RXU OHDG WLPH « IRU HYHU\ SDUW LQ WKH V\V\
a onesecond reduabh in the line takt will give you a lead time reduction by 1,000 seconds.

The easiest way to see this is as a percen&igeiing x percent of your line takt will shave

the same x percent of your lead time
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Figure 464 Wine Botting Line (Image David Herrera under the €&Y 2.0 license)

Improving throughput feels natural to most people on production. Hence, chances are, the speed

of your system has already been looked at many times before. Further improvement potential
certainly abes exist, but may not always be easy or cheap. It depends on your system if the
HITRUW RI UHGXFLQJ \RXU OLQH WDNW LV ZRUWK WKH EHQH
there are also other benefits, like a reduction in production cost thredghed labor and

machine invest. In fact, most often when improving throughput, the main goal is to either
increase capacity or to reduce cost or both. A smaller side benefit may also be that faster lines
may fluctuate a bit less in absolute terms thaWd&ssZHU OLQH EXW GRQTW H[SHFW
this side benefit. Overalleducing your line takt (increasing your throughput) will lead to

a proportional reduction of the lead time, although this is often less important than other

benefits of this chang.

53.2 Reduce Lot Size (for Make -to-Stock)

Figure 465 Inventory subject to changeover: two parts, one cflobage Roser)

Finally, you can reduce your lead time by reducing your lot size. However, this is most useful

for maketo-stock production. In maki-stock production, the lot size influences the inventory

you need to cover the time until the part can be produced ddesns shown below in a simple

example with two part types. The inventory over time are the blue and green lines for the
respective part types.

If you reduce the changeover time by half, you can reduce the lot size. The new inventory over
timeisalsor66 XFHG DV VKRZQ EHORZ 8VLQJ /LWWOHTV /DZ WKL
%RWK JUDSKV DUH H[DPS O HWai td RPwith SMED: RediicS IRBVINeRQ 3
Increase Work ime?”

Figure 466 Inventory subject to Change Over Two Parts Two Cytheage Roser)
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Hence, for makeo-stock, reducing the lot size can proportionally reduce the inventory and
subsequently lead time. The exact numbers deperahagather things, on the number of parts.
This massive effect on reducing the inventory is one of the main reason that lean is pushing
hard for smaller lot sizes! The reduction in inventory will have significant cost savings. The
reduction in lead time, heever, usually makes no difference for the customer, since the
PDWHULDO LV 3LQ VWRFN" DQ\zD\ ,W GRHV KRZHYHU PDNH
flow within the system too. Quality problems will be detected earlier and fixed easier, product
changes will be faster, and overall you will run a much tighter ship. Heviuks the main
reason for a reduction in lot size is savings related to inventory reduction, the reduced
lead time will also have some benefits, although it will make less differe@ for the
customer.

Figure 467. Bespoke Suit (Image SummerWithMorons under th&SA 4.0 license)

Unfortunately, this method does not work quite as well for ntak@rder. The lot size in make
to-stock provides inventory (st&) to cover the time until the parts are produced again. Since
there is no stock to cover with mat@order, a reduction in lot size will only distribute a larger

job over a longer time. It can be done for maéd@rder products too, although it does not
reduce the average lead time. It does make it easier for the suppliers to provide material as it
levels the production a bit more. It also allows you to fit in more urgent jobs between the smaller
lot sizes of the formerly larger job. But to significan#guce the average lead time, you would
need to convince your customer to order smaller quantities more frequently, although in this
case producing mak®-stock may be better anyway.

This is the last post of this series looking at the lead time in ptiodusystemsinventory,
fluctuations, utilization, throughput, and lot size are the most important levers you can
influence if you want to reduce your lead time. The next post will close this small series on the
lead time by looking at product developmdadntil then, stay posted, ag@ out and organize

your industry!

P.S.: This series of posts is based on an inspiration by Rajan Suri, and also chapter 7 of his
bookQuick Response Manufacturiagd chapter 3 from his bookW |V $ERXW 7LPH

x Suri, Rajan, WV $ERXW 7LPH 7KH &RPSHWLWLYH $GYDQWDJH |
Manufacturing 1 edition. New York: Productivity Press, 2010. ISBN 917839805954.

x Suri, RajanQuick Respnse Manufacturing: A Companywide Approach to Reducing Lead
Times Portland, Oregon, USA: Taylor & Francis Inc, 1998. ISBN-Q786327%201-1.
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Figure 468 Christoph Roser (Image Roser)

Prof. Dr. Christoph Roser is an expert for lean production and a professor for production
management at the University of Applied SciencesKarlsruhe, Germany. He studied
automation engineering at the University of Applied Sciences in UIm, Germany, and completed
his Ph.D. in mechanical engineering at the University of Massachusetts, researching flexible
design methodologies. Afterward he wadker five years at the Toyota Central Research and
Development Laboratories in Nagoya, Japan, studying the Toyota Production System and
developing bottleneck detection and buffer allocation methods. Following Toyota, he joined
McKinsey & Company in MunichGermany, specializing in lean manufacturing and driving
numerous projects in all segments of industry. Before becoming a professor, he worked for the
Robert Bosch GmbH, Germany, first as a lean expert for research and training, then using his
expertise a a production logistics manager in the Bosch Thermotechnik Division. In 2013, he
was appointed professor for production management at the University of Applied Sciences in
Karlsruhe to continue his research and teaching on lean manufacturing.

Throughout s career Dr. Roser has worked on lean projects in almost two hundred different
plants, including automotive, machine construction, solar cells, chip manufacturing, gas turbine
industry, paper making, logistics, power tools, heating, packaging, food siragewnhite
goods, security technology, finance, and many more. He is an-awiramthg author of over

fifty academic publications. Besides research, teaching, and consulting on lean manufacturing,
he is very interested in different approaches to manufagtorganization, both historical and
current. He blogs about his experiences and reseapghdmutLean.con He also published
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