way. In this sense, we can deselop a “feel™ that can be communicated to others with the sams intrinsic mening. We
can establish a means (o convey o others the quality level of a product without bias of human emotion, costs, adver-
tising, etc. When we can do this, we will b able 10 do 1w very imponiant things, First, »e will be able 1o establisha
“guality cxcellence high water mark™ with numbers. We will be able to say, very definitively, whaot quality excellenes
actually is in and of stsell. This will allow others 1o venfy directly any overt or covert references to quality. The seoomd
thing we will be able to do is to know how much prodect quahity necds to change in onder for that product oo be
consadered excellend

THE SIGMA SCALE FOR MEASURIMNG PRODUNCT QUALITY

The quality measurement scale that we will consider may be referred 1o as the **sigma quality index,” or just “ S0
for shor. This panticular concept was frst introduced, to this avthor's knowledpe, by W, Smith, Motarela, Ing. (1986),
Use of the sigma scale first requires us o reduce quality to nonconformities per million epportunities for nopcoafm-
ity (NPROY. For the timie being. et us just recognzes that the NPMO would then be translated inlo sigma (o} unils.
Now, let us turn our attention 1o the o scale s that we can start to lay the groundwork for a quantitatve definition of
guality exoelbence

Esscntially, & o is a statistical unit of measurement which is kind of like a guality measuring device, [ con tell uso
how “good™ & product is. To apply the concept, we must first determine how many opportunit:es there are fof & non-
conformily of “defect™ 1o occur, as related to a particular product. or service for that matter. Next, we mustcoust the
sctual number of defects associated with that product during manufacture, With this information we are now 2hle oo
determing how many defccts there are per million opporienities for & defect. For example, i there are I.ﬂll.'ﬂ'l-,m
opponunities for a defiect w0 occur within each of our five previously mentioned radios and we observe live defiecis
{one defect per radio) then there would be one defect per million opportunities or, expressed as a fraction, 0000001
MO Mow, ihe lost thing that we must do s statistically eomvert the NPMO inte “a unins.™ Exactly oo this iidﬂ'_
will be discussed in detaoil later on.

When the numbser of sigma units or o5 is small, say two, product guality is nod very m 1.&., the number lﬂ'
defects per million np:mrlun]l}l:-s for a defect would be imtolerable, When the number nl'-::‘m is barge, say six, quality
would be excellent; e, the number of defects per million opporiunities would be extremely small. In general, ﬂllm
bigger the number, the betier. In this sense, the quality o's are ke water graduations on o glass beaker - like chemiss
use 1 measuree the volume of o Buid. %o think of quality ke water in a beaker, the more quality we kave in the prod-
et the mane fiuid there =10 the beaker {Exhibart 173, Ideally, the tanget for quality cxeclienes is 6a.

3n

Faliblt 17,  [lustration of the & OQuality Concept




HHHHHHHHHH-H._W

bl el P P

r

THE SIX SIGMA QUALITY PHILOSOPHY

Ingeneral, when we say that a product or “logical unit of servdce’ is Ga, what we are really saving is that it displaved
no moore than 3.4 nosconflormites T mllion ﬂ]]{l.'ll'lul!li.li.ﬂ. This mumber {3.4 N'F'Hﬂ'} takes natural vanation inlo
account, That is 1w say, the 6o quality philosophy recognizes that 2 small amount of patural variation (shifting and
spread) will be present as result of slipht Auctuations in eavironmental conditions, differences berwesn operalons, pars
materials, e, [F the fluciuations in the cause system (X ... Xx) can be sufficiently confrolled such that the product
charactenstic (Y7 stays centered on its ideal condition, there would be only 0.002 nonconformitzes of “defects'™ per
million eppartunitics (NPMOL

Another way of sayving all ol this is that the fa concept assumes no o product units can be identical - some dif-
ferencals) will naturally be present; however, the differences will be o small that they will be neglipible, for all practical
purpodcs, This is the kev. In practice, the concept recognizes that very slight product vanation will be present, but the
cndd result wall always be product which disploys excellent guality. [t positions an organization's products within the
marketplace 1o be ““hest in class.™ To help us betier understand this concept, let us look at Exhibit 18 to see how many
nonconformities or defects per million opportunities there would be for several different o”s with two differeni “cen-
tering™ conditions,

ME R0~
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1 Irana EST. 700
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4 2,70 EE BO)
4 63 6200
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8 oo 34
T 0.090003 0.018

AONEOMEOTMITIES A MLLION OFPOATUNTIES FOR HONCOMFORMANCE.

FENt HE EERERTH, WITMOUT SHETT L SSUNES Pl CHAREE 3 THE LAIVERSE AVERAZE. YT ST
RIS A 1Y A, SO P P LR AR A TR el o RGP A s O TR
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Exkiibit 18, Sigma (7) Quality Levele Before and After o Shifl in the Avernge

As vou can see from Exhibit 18, a 3o product quality level (without shift) would give us 2700 NPMO for noncon-
formance, A &a level (without shifth would be 0002 NPMO.

But exactly how good is an NPMO or ppm of 0.0027 What would it be like trying to find a defiect in & product or
service which exhibils an MPMO of 0.0027 Well, if the odds of winning a particular lottery were about 45 ina 1,000,000,
the gambling equivalent would be winning this lottery two times in row! As another illustration, consider how many
hlades of grass are conisined within a foothall feld. The equavalent of a 0002 NPMO would be hke trying to find 10
particular blades of grass within the entire fizld. If vou could take the time to inspect each blade of grass on the field,
it would take you approximately 70 years working 8 hours per day, 5 days per week, with no vacation, 1o find the 10
blades of grass. As vou can see, an NPMO of 0,002 15 an exceptionally high level of product quality = 6a i the come
pelitive edge.

Bast hoar big af a guality difference is there between a 60 prodoct ond, soy, a 3o product? Well, let us consder o
1500 square fosot hame which has wall-ic-wall campeting. Let us further suppose that we are messunng how much of
the carpet has been somehow stained or soaled. I the quality of the carpet, in terms of cleanliness, was a1 the O level,
then 100 percent of the canpet in the house | | 500 square feet) would be stained. On the other hand, il the carpet were
10 be cleaned 1o the 3o level, then there would be about 4 sguare feet of carpel still soiled. This would be approxi-
mately equivalent to the cirpet area under a tvpical recliner chair, Now, ifthe carpet had been deaned to the o level,
there would only be an ares the size of & pinbead suill soiled. Mot a bad cleaning job, hah? 17 youw were paving to have
vour campel cleaned, would 3o be good enowgh?
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We may now continue our carpet example 1o see what we mean by a “shift in the average™ and how it relaies jo-
MWPMO, Inwther words, we slall see what happens when our quality changes by 1 50 i.e., when it slips a litfle bit, For
the sake of argument, suppose the person cleaning the carpet showed up slightly intoxicated. Image somecne weaving
around trving 10 clean the carpet! How much of the carpet do vou suppose would not get cleaned because of this? Wil
let's see, IMour carpet cleaner normally performed o 3o (when sober), we could expect 1o see about 100 square feet of -
soiled carpet when he/she fnished. This would be an area about the size of a second bedroom. On the other hand, if
we hired a carpet cleancr who normally performed to b {sober that is) we could expect to see an anea still soikd abaut
il sire of the Bottom of the cleans s shot glass — after the contents had been drunk, of course! In this case, fg process
capability allowed excellent cleaning performance in spite of the fact that the boore was causing the “proces™ to weare
around a linle.

Ad a final illustration, let us consider Exhibit 19, As vou can see. the differences between the o kewvels is astounding,
16 sy the beast. Would you be surprised to know that tvpical Amencan design philosophy is generally geared arousd
Yo 1o 40? Furthermore, 3o is generally accepted as the foundation of process control = as well as the basic eapectation
of supplicrs. Do you suppose this is good enough 1o stay in business over the long hael? Would you fird it interesting
to note that the Japanese philosophy is far greater than 307 Regardless of who is doing what, the ceniral guestion s,
"How can we make things betterT”
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HOW TO ACHIEYE éa PRODLUCT QUALITY

T'o help ensure thal natural Muctuations in the undedying cause system ol a product (X, Xyl do not cnase excet-
sive differences within and between units of product in relation to the customer requirements (Y ... Yy), there are sev-
eral things which can be done, First, designers can configure a product in such a manner that its performance is
“shielded™ against variation, They can stop nonconformitses from oecurring during the design stage of a product by
establishing 6o requirements on all critical parameters, opening up noncritical specifications, and decreasing the total
number of opponunities for creating nonconformeties by simplifyang the design at every possible pomnt 1.2, reducng
part count, materals, and those factors which tend 1o increase manufacturing difficulties. Whenever designess do these
things many other facess of the business are improved such as manulacturing cycle time, inventories, labor costs,
product rebabslity, product serviceability, and warranty costs, just to mention a few, When an organication embodies
this philasephy. it can be surce that its products will consistently perform (o the specified levels: that is, all of the prod-
et will be “on target” with minimum differences within and between units of product. This is often refemred 1o as
“desagnimg for producibility.”

[he second thing which can be done is related 10 an omganization's in-house production processles) as will as the
processies) of its suppliers. By systematically tracking down, controlling, and ulumately shminating the rool causes of
variation through the application of statistical process cortral (SPC) methods, the “spread™ amd “centening” of the
processes can be significantly improved. When these things are done, and the end result i5 units of product which
digplay an NPMO of no more than 3.4, we say that the product is 6.

RESULTS ASSOCIATED WITH SIX SIGMA QUALITY PERFORMANCE

People alten think that 99.9 percent good product (1000 NPMO) is more than acceptable. As the old saying goes,
“We don't build Rolls Royoes here. ™ What do you think? 15 99.9 percent really good enough? Well, le1's translate what
99,9 percent actually means in the real waorld

2000 los articles of mail per howr,

Unsafe drinking water almost 1 hour each month,

Mearly 300 incormect surgical operations per woek.

Two short or long landings at most major ainporis each day,
20,000 wrong drug presenplions ¢ach year.

If you were fying into & major airport, Alling a drug prescniption, or having surgery, would you sy 99,9 percent 15
good enowgh? How do vou think our customers feel when they receive products that are only 9%.5 percemt “good
stuff" In all of these cases, we would certainly want at least 99.99966 percent good units of product and/or service -
the equivalent of an NPMO of 3.4, This level of confidence would ceriainly give us greater peace of mind = afier all,
this 1% & B level of quality with some natural vadation, Withoul natural vanation, the confidence would rise 1o
59 9999998 percent

To illustrate even further what kind of results we can expect under the concept of the 60 product quality philosophy,
let us consider a typical electronic system that containa 20 printed winng boards (PW Bs) of which each PWB has 500
solder joints. This would make a total of 10,000 solder joints in the system. If only 99.% percent of the solder joants
were good, then we could expect 10 joints within cach system to fail. How much of a problem would this create for
the end user - particularty in an application where people™s well-being might be in the balance? On the other band, o
an absolute minimum of 9995966 percent of the joints were good (60 guality with some natural variation], then there
would be only 3.4 solder joint failures per 100 systems. Alhough this is certainly excellent, only rero defects will da.
Again, if you were on the arrplane in which the PWBs were used, what would you say?
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With respect o products and services, we can now easily see why nothing short of quality excellence will do. The
attainment of 6a quality will not enly give customers the satisfaction and secunty they deserve, il will also greatly help
i

# Decrease manufsciunng and design cycle ime, #  Reduce administrative oosts
®  Decrease costs due o mventory, scrap, and rewark. » Lower labor cosis

» [ncrease profitability and market position. #  [mprove pricing socuracy

& Cultivale new bsiness and hold on to old business.

In the final analysis, we may conclude that the sttainment of 6o quality fs not just something nice 1o do, it is 8
husiness necessity — a challenge that we must all rise to, now and long into the Tuture.

THE ROAD TO SIX SIGMA PRODUCT QUALITY

In order 10 s2e how we can get from point A to point B, so to speak, we must first recognize that product vanation
results from insufficient design margins, inadegquate proocs controls, and less than optimum parts and material. These
are the three primary sources of product variation. If we are to achieve &¢ quality in everything we do, including
administrative things such as fling, typing, and documentation. as well as activitics, services, and output in the areas
of accounting. marketing, sales, facilities, etc., we must isolate, control, and ultimately chminate variation. [n this
sense, we MILISE View varialion as an enemy. It is the enemy of our products, customers, jobs, and cven our way of life.

I'o defiean this enemy, wie mwst all stiive 1o go hevond jost " meciing the spect™ OoF “satus guo.” We mus track the
encmy down and destroy it by every means available 1o us. Some of the tools that help us di this inclhede,

Short Cycle Manufaciuring (SCM)

Design for Producibility

Statistical Progess Control [SPC)
Pariicipative Management Proctices (PMF)
Supplier SPC (SSP0)

Pant Standardization [nitiatives (PS0)
Technological and Managerial Leadership
supplier Qualification Program [SCHF)
Computer Simulation

Not only do these tools, a5 well as many others, help us remove variation while the product 1s being built, they belp
us detect the presence of the cnemy before we go 0o production. In this manner, we are able 1o prevent prosduct
casualties belore they happen. We call this “a priorr™ control - contral which i gained before the fact, not afier some-
thing goes wrong. Thas all translates inte working smarter, not harder.

As may be apparent, there are three basic strategies for winning the war on variation. First, we must giin 4 priof
control during the product design cycle. To do this, we must: a) define 60 wlerances on all critical parameters, b
minimize the wotal number of parts in the product, c) standardize the pans we use, and d) use SPC principles and
computer tools during the design and prototype phases. A continuance of this strategy involves using SPC 10 contin-
ually isalate, control, and eliminate variation resuilting from: a) people, b) machines, c) material, and dj the VG-
ment. And fnally, the strategy involves the supplier. Clur suppliers must also continually strive 1 eliminate vanation
in the parts and materials that we purchase This is done by: a} inssituting a “statistically based™ supplier qualification
program which is, in part, based on SPC principles, b) requinng process comtrol plans from our suppliers, <) minimiz-
ing the total number of supplicrs that are wed, and d) ensuring a long-term, win-win parinerahip with the supplise
that are used. Thess are but & fow of the tectics associated with each of the three strtepies that will help us defeat the
enemy, variation, We must apply all three of these sirategies on continual basis 1o achieve 6o quality - the founda-
tion of excellence

As we have seen, product quality controls ¢oss, manufaciunng and engineering cyche times, shipping schedulss,
and many other facels of & business. In 1oday's highly competitive marketplace, the ability 1o deal effectively and eHh-
cienily with product variation is crucial. 1t 35 the only way that 6g product quality can be achieved



