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products as they move through production.
Mistakeproofing is one. The Japanese refer
to mistakeproofing as poka-yoke and think
of it as their first defenseagainst defects.

Ficarra's poka-yoke solution to the vac
uumchamber involved installing alignment
pins into components with a-ring sealing
surfaces. This prevents the stainless-steel
alignment pin from scratching the l6-rms

Mistakeproofing ideas such as this handle make
it easy for workers to pick up the assembly for a
porticle accelerator from Varian Ion Implants
Inc., Gloucester, Mass., and set it safely on its
side or end withoutdamaging electrodes.Work
ers must insert the assembly into the vacuum
chamber without damaging delicate graphite
ports. To do so unerringly, the vertical tab on
the foreground plate and notch in the mounting
plate make it impossible to incorrectly insert the
assembly.

Naro, formerly the head of R&D and engi
neering at Varian. He was just instituting a
program for redesigning the machine's as
semblies so they go together without mis
takes. DiNaro says inspiration came from
the book The New Manuf acturing Chal
lenge: TechniquesJar continuous improve
ment by KiyoshiSuzaki. Thebookdiscusses
a range of techniques for reducing defects in

Poka-yoke ideas designed into the scan-plate
assembly ensure that it goes together only one
way. Alignment pins on the sealing surface of
the red part ore nonsymmetrically placed as
are the bolt holes. Assemblers cannot install
this port upside down.L- -----'

PAUL DVORAK
Senior Editor

Products that go together only
one way require less worker
training, perform more reliably,
and repair more quickly.
Then the advantages kick in.

Poka-yoke
designs make
assemblies
mistakeproof

N
ot long ago LarryFicarra,
an engineer with Varian
Ion Implant Systems,
Gloucester, Mass., was as

semblinga vacuum chamber for
a IO,OOO-componentparticle ac
celerator usedin microprocessor
production. A guide pin near an
a -ring surface on one compo
nent face was supposed to go
into a hole on the mating faceto
ensureproper alignment ofcriti
cal components. The part with
the pinwas sobulky it required a
littl e juggling before the pin
found the hole . Every thing
seemed to be working well, but
on startup, the critical assembly
would nothold a vacuum.

After a lengthy diagnosis, Fi
carradiscovered that while trying to get the
pin into the hole, he had inadvertentl y
scratched the a-ring surface which pre
vented the chamberfrom holding a vacuum.
Chagrined at how easily the accident hap
pened, he thought of ways to protect the
sealing surfaces so anyone putting them to
gether would not repeat his error. Alsocon
cerned about such problems was Santo Di-
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Rother than using labels, instructions are machined on the underside of the scan-plate assembly
to ensure correct orientation. Also, protruding pins on the shiny O-ring surface let the assembler
place the unit face down without marring it. Alignment pins are positioned asymmetrically to de
fine one orientation with the mating assembly.

TheInternet holds a fewsources of poka-yoke information. The best wayto find themis
to use one of the search sites sueh as Infoseek (www.infoseek.com). Search first on the
general termpoka-yokeand thentry the nameShigeoShingo, the guruand mostpromi
nentdeveloper of mistakeproofing inJapan. Asyoucomeacross otherauthors trysearch-
ingon theirnames. '

Checkout John Grout's site at www.cox.smu.eduljgroutlpokayoke.html. Grouthas
compiled the mostextensive poka-yokereading list on the Web along withseveralpa
pers,and~ pho~o ga~lery of everyday ~istakeproofeddesigns . Thebestplacetostartmay
beby reading hIS bnefpoka-yoketutonal.Afteryou've readfroma fewothersites, come
baekandtakehispoka-yoke test.

Dial uphttp://akao.Iarc.nasa.gov/dfdtoc.htmlfor EdwinDean's site at NASA.He'sa
software developer withdozens ofpagesdevoted to thebenefits of improved designs. Sev- ,
eralrefertopoka-yokeandhowit mightevenbeappliedtosoftware engineering. •

The URL www.dmu.ac.ukfdept.schoolslbusiness/corporate/tqmexlshingo.htm I

takesviewer to a briefhistoryof poka-yokefromShingo's perspective anda little of the :
thinking behind his ideas. For example, his driving thought was that eliminating the
sourceof defects eliminates theneedfor inspections.

The Web site www.mmt-inst.comlotherresources.htm provides a collectionof re
sources that refert<.? HT (just-in-time) or leanproduction ideas. The authors contend that
what~appens ~n the'factoryfl.oor is thecoreof leanproduction. Improve manufacturing
operations andimprovements in customer andsupplier relations follow. ij

aluminum finish during assembly. The pin
may contact the elastomer a-ring, but the
compliant a-ring resists damage. Additional
pins preventdamage to the sealingsurface
while a component rests on a benchduring
assembly or service. Ficarra says the
scratched-surface error has not happened
since.

Poka-yoke has been around for a long
timeunderdifferent names such as mistake
proofing and goofproofing. And it has been
overshadowed by ideas such as designing
for manufacturing and assembly. But there
are limits to DFM and DFA, and getting
backto thebasics of mistakeproofing shows
the complementary nature of thedesign phi
losophies.

HERE COMES TROUBLE
The traditional wayof solvingassembly

andmaintenance problems is tospend lots of
training dollars instructing workers what not
to do."But whenpeople leavethecompany,
they take their experience and knowledge
with them," says DiNaro, and the assembly
difficulties stay behind.Training willstillbe
necessary when all designs are mistake
proofed but therewillbe less of it for all in
volved. The morecritical training willbe in
store for engineers and designers because
thereare no formal rulesfor designing mis
takeproof parts. Some solutions will be
unique andothers borrowed.

One wayto findcluesfor solving assem
bly problems comes from examining their
source.The experts we spoke with provide
several guidelines for spotting trouble ahead
of time.

Oneappears to be engineers' innatefond
ness for symmetry. "Bolt holes in a circle,
for example, are almost always equally
spaced," says DiNaro. "But picturea motor
on a round flang e. Its harnes s probab ly
reaches to one location on the motor. Rotate
the motor and the harness cannot reach."
Theproblem is that designers usually mount
motors onroundflanges withequallyspaced
holes, thereby providing several ways toori
ent them. And when something can be as
sembled wrong, it willbe.

Not all parts require mistakeproofing, so
focus on those that have a historyof misas
sembly or error. Assembly-lineworkers and
maintenance personnel can pinpoint the
most troublesome areas. Companiesputting
thephilosophy to worktoldus whattheysee
as red flags.

Avoid symmetry when a particular orien
tationiscritical, says Ficarra.Techniques for

doing so involvenonsymmetrical hole pat
terns. Also, use labelssparingly to cure as
semblyerrors because theycomeofftooeas
ily andtend to be excessively wordy.

PY ON THE INTERNET

Beyond symmetry andlabels,BradFlack,
an instructor with John Deere Harvester
Works, East Moline, Ill., says to look for
rapid repetition, environmental problems,



3D models let more contribute
to poka-yoke designs

Dampe rs bottom out
in a hole-no
adjustment requi red

Bushings guide
assembly into next
assembly ensuring
alignment

and infrequent production. Environmental
problem that encourage mistakes include
poor lighting, high or low heat, excess hu
midity, dust, and noise - anything thatdis-

Bracket
mounts with
three screws
in only one
way

Air cylinder
uses full stroke
so it needs no
adjustment

tracts workers. And infrequent production
stemsfrom serving the differentdemands of
worldwide markets. "For example, there are
17,600parts inanaveragecombine, throwin

dozens of options and requirements for Eu
rope, and you're bound to make a mistake or
two," says Flack.

Sandy Munro, president of Munro & As
sociates, a consultingfirm, suggests investi
gating at least fourareas for potential prob
lems and poka-yokesolutions. "First look
forwhere theproductwill fail ifparts areas
sembled wrong.Then look forsmall features
critical to proper assembly. For instance,
when proper operation depends on a Y32-in.
hole, the design is a good candidate for a
poka-yoke solution," he says. Relying on
subtle differences to determine the top or
bottom, or front or back, also signalprob
lems saysMunro. "This is particularly true
when parts arepainted dark colors. Thenthe
eyecannotpickupsubtle features."

Designs so complicated they confuse in
experienced operators are also candidates
forpoka-yoke redesigns. "When a lot hasto
be done at thesametime, expect problems,"
says Munro. "In one instance, assemblers
hadtodrop three parts intoa locking mecha
nismat preciselythe same time if thedevice
was to work properly. Most assemblers
hated it."

Electrical connectors provide additional
examples. Most companies try to standard
ize for cost savingswhich often means buy-

Batte ries cannot be
installed incorrectly

Fastener count
trimmed from

about 180 to 30

Counterbores molded into cast ing
are at different depths so assembly

uses only one screw size.

Air deflectors install
only one way.

Seal fits only one
way between front
and rear covers.

~ 'Complex subassembly uses two
screws and the rest snap fits together.
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Engineers with Munro &
Associates, Troy, Mich.,
mistakeproofed the
assembly for the
intravenous pump by
cutting the part count to
about 73, color coding
major assemblies, and
using snap fits where
possible.
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The simpler the poka-yoke the better

Machine stock

An interference
pin prevents a
workerfrom
installing a part
the wrong way.
Thebest poka
yoke solutions
are simple,
inexpensive,
and fail-safe.

ingmany identical items, likeelectrical con
nectors. "The PCBs in one machine control
needed only three-pin connectors to join
each in a series," says DiNaro. "The labels
we once used instructedassemblers which
boards went where and which connectors
should bejoined so we color-codedthem.
But in thefield, assemblers connectingand
disconnecting them wear or bend the pins,
which meant putting ona newplug. Soon the
label was gone." Varian' s simple solution
involvedthree, four, andfive-pinconnectors
that cannot join others anddemand a single
assembly sequence. One of Ficarra's solu
tion to labels that come off is to machine
them into parts,especially when thefunction
is a correctorientation. On Varian machines
assemblers areguided bysmall machined-in
pictures thatcannot wearoff. "Thecapabili
tiesofmodem NCmachines makes iteasyto
produce machined-in labels," saysFicarra.

MORE POKA-YOKE SOLUTIONS
Many poka-yoke solutions seem like

common sense. Take the ubiquitous 3.5-in.
floppy diskforexample. "The diskgoes into
a drive only one way and an audible click
tells users it ' s fully inserted ," say John
Grout, a business instructor with BerryCol
lege, MountBerry, Ga. "That makes poka
yoke an inspection technique that can be
used almost anywhere to eliminatehuman
error," hesays.

Gary Jones, a trainer andpoka-yoke facil
itator withWeber Aircraft, Gainsville, Tex.,
says thebest poka-yoke ideas are simple, in
expensive, andfail-safe. Hetellsofa drillbit
suggestedbyworkers inthecompany's arm
post cell that performs several functions at
onetime. "It makes a holeto a precise depth
and then spotfaces or counterbores it, all in

Interference pin

Part WRONG WAY

one stroke." Anothermodification by em
ployees trimmed waste from the way the
company hadbeenvacuum forming trayta
bles. In the original process, table tops and
bottoms were formed separately. Now
they're formed at the same time from the
same plastic sheet, which cuts waste andim
proves production.

JohnDeere's BradFlacksaysone of the
cleverest poka-yoke solutions his teams
came up withstemmed from a gearbox that
was assembled without oil, mountedon a
machine, and required replacement afterfac
tory tests. Theteamstreamlined production
with a simple proximityswitch that opens
after all components were loaded intoan as
sembly fixture. Theswitch prevents workers
from using air wrenches to tighten bolts on
theassembly until they cyclean oilguninto
thegearbox. Afterfilling thegearbox a sole
noid releases the interlock sendingair to the
wrench. Then workers can tighten cover
bolts andsend theboxto thenextstation.

Munro cites an intravenous pump as an
example of poka-yoked design. "Westarted
by eliminating parts through a technique
calledDesign Prophet! andtook theirnum
berfrom about500to73 that snap together,"
he says. Colorcoding wasadded to several
majorcomponents. Color coding is a good
idea, he adds, as longas you remember that
one in 10 people have some form of color
blindness. Thus, colors were selected that
could be differentiated by anyone.

Asidefrom Varian's multipin seal protec
tor, Ficarra points to another impressive
poka-yoke design. "The geometry of the
vacuumchamberrequires a high-pressure
water seal adjacent to a vacuum seal, so if
water leaksinto the vacuum, the leak is al
most impossibletofind ," saysFicarra.Ade-

signer'sfix used a series of a -rings
anddeep-drilled holes to allowat
mospheric pressure between the
water andthevacuum. "There were
space constraints and bearings in
the way, but good visualization
software lets the engineer solvethe
problem," Ficarra says.

Several poka-yoke solutions in
volvejigs and fixturesthat required
workers to install components in a
particular sequence to avoid errors.
Munrocautions, however, that fix-
tures areonlyonewaytosolvetrou
blesome designs and thatthereal fix
may beupstream."Fixtures helpget
around bad designs, but they add
cost," says Munro. "We recom-

mend going to the engineers and designing
out the need for fixturesby designing parts
that fixturethemselves oneto another."

THE PAYOFF
SO how does all this effort benefit a com

pany in harddollars? Berry College's John
Groutsays LucentTechnologies (formerly
AT&T Power Systems) has reported that
halfof their3,300 mistakeproof devices cost
less than $100. However, they estimate a net
saving of $8.4 million, or about$2,545/de
vice. Otherparticipating companies also re
portimpressivefigures.

Varian's DiNaro made the commitment
tooverrun hisbudget and hold thefirst 100%
mistakeproofed machineoff the marketfor
seven months while design workwas com
pleted. Forthatinvestment, DiNaro says the
company gota product that is easily thesin
gle best it had ever produced. Costs for in
stallation, start up, and warranty have been
lower than for any machine before it. "All
the dollars set aside for those contingencies,
a figure thatapproaches $1 million, now go
to thebottom line," hesays. •
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