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Figure1l.3a. INDUSTRIAL PROBLEM SOLVING: The Roleof Variation

This video is @aout continuobusimprovenent n qudity and produdivity in the aito industry; amgor themeis tha an essa-
tial component o qudity is reducedpart-to-part variation. The vdeo illustraes this theme by an nvesigaton at he Ford
BataviaTransale Hant that @mpared the perbrmanceof the sameaubmatic trangmisson, paricularly the valve tody (the
caontrol unit whichmales the iangmisson shift geas, mandacturedin North America andm Japan.

Bea in mind the following mattes as yu wach the video:

o The mmmentsof the hdividuals in the video provide indghts d importanceinto pevasve probems fadng mary North
American hadusties however the vewer auld nate the maxim: its dmple kut it isrt easy with regect to both unde-
standng a woblem and implemening its olution.

® The conplexty of the caing of the aliminumoutercadng of the vale body; this is a sdul remnderof the kvé of
sofhisticatbn tha can ke achievedin mass podudion of oname goods.

o The meanngsof three tetinical terms:

- miaofinish refers to he micoscojic snoothness d a aurface, wudly of a metd part
- runautis depature flom ourdness @ circularity, usudly of a bore, $aft, pgston ec;,
- toleranceis the dfference(or distanc between the ypper and lower (ergineerig) spedfication imits.

o The method d measung theindde diameer d a (circubr) hole

® The dagrans of repar frequendes (a hstagran), of timing valve surface finish \aration @istiibutons),and @ the gercen-
tage of bleranceuseal (disttibutions).

Highights d the vdeo's printedand pokenpreserdtionsare as dllows:

* The Ford Motor Company is ommited b neve ending quality progressthroughsud goproacies a continwusredidion
in process \ariation This preentdion ceseibes the mportanceof tha philosgphy by comparing a ferd cesgned transale
mantacturedby a Ford gantand by an ff-shore urce §ometmesreferredto in this reentdion & 'the mnpsition”).

* The analysis of thdr produd indicdes tha pieceto-piece onsstencyis now the name bthe gameri qudity — it is now
what you haveto do to e mnmpditive in the wald marketin the aeaof qudity.
o Quality no longeris make it to Hueprint or gecification — audity is neve-ending improvenent

* Althouch the ecant investgaton tha we mmpletedat Bahvia was aimited D-piece nvestigaton, we fed tha the nforma-
tion we cainedwasvely valuable in tha it was & goplesto-appks omparism between the two goups of ranamissons.

Jim Bakken Vice Presdent— OpeationsStdfs

* The Ford Motor Companys operaing philos@hy is to producegoods and £nicesthat med customemeed and epeda-
tionsby providing an evironmentthat encourages dl employees to purste ntinubusimprovenent n qudity and produc
tivity throuchaut the mmpany; its sipdy base and in the dear oganiations. In the @g, we havedeveloped tre idea ha
the dtainment d 100% qudity goal wasthe dtainment d making evety part within engineeing gecifications; when we
haddone ha, we had a&hevedthe Utimae Progresscauld no lorgerbe onsderedcontinuous This is darging. A new
conceot provides the pportunity for s to purste @ntinwbusimproverrent n qudity and grodudivity when ve reaognie
that improving the vaiation of gitical chaacteistics in produds a in processe lead to qudity improvenent — t truly
does — andhat's wha the \deotgpe you ae daut to see & dl about the edudion in aration and hav it contibutes
cantinuousimproverrent n qudity and produdivity.

Jo Betti, Vice Presdent— Powettrain and Chass Opedtions.

* Ower tre pag few yeas dl of us in the aitomoive businesshare experiencedsome real stoks A lot of the tuths tha
we had aceped with lttle a no questn havebeen chakrged and mary of than havent stood yp underrigomus(and in
somecasesnat so ligoroug analysis. The taugh conpdition we faced has @u®d s to ethink some d the kascs of the
business For me persmally, the eslts of the nvestgaton ... & the BataiaTransale Hant destoyed me d the kasc
truths aaut the busness ha | had aceped brg ggo: .... kuilding pars to print isrt good eough For mostof us in the
technical and nandacturing end d the husness one d our kg srugges ha been to get parts to pint o the find a ey o
gettirg, ar giving a ceviation © cover the farts beingproduced. Neverin the 3 yeas Ive been n this tusness tavel ever
been &ked or havel everasked to ighten the tderance

* Everybody knows ta the egineer aksfor toerances twiceas ight as he red becaus dancesare the nandacturing
guy will buld it to print anly partof the tme at best When | tak over Pavertrain and Chass Opeationsa little over4
yeas @o, my qudity objective wasto make aure we were kuilding ererything to print o to make sure ha we had an
auttorized engineeing deviation In some @ the gants,l couldrit evenfind out if we were tuilding b print. Wha Ron
and ts team éaned b tha while weve been making ged progressin meding my aiginal dojective of building © print,
our nat-so-friendy compdition was naking gea strides n building wiform pars — evely partjustlike the mrt aheadof
it and just lke the mrt following with vely little vanation While we were aguing @aout how good the mrs had b be,
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they were working hard on making them dl the sameWe worried about spedfications they worried about uniformity. While
we wee stified and poud if we were to pint, and then weried about keeping it to print, they started with the partto
print and waked o continwbusimproverrent n the wiformity of the m@ars. Gontra, unformity, continubusimprovenent

* Ronwill give you a pecific exanple of low the siperior uniformity on the pars of aur canpetitor, paricularly the vale
body, sgnificanly improvedthe fundion of he podud we gavethe austomer | am dsdutdy corvinced ttat they havea
swperior gpproach. Think of the fgnificantimprovenents ve wuld make in fits, fundion, cost weight, in virtudly every
agect d our produd, if we could be asuedthat every partwasan &act cqpy o with vely little variation | am persan-
ally commitedto this agroach. If we are b be onpditive we nust sart with processes wnder stéstical control, and
dedicte airsdves to ontinuousimproverrent n the wiformity of the @rs being produced. I'm sure ha when yaive
head Rork gory, you bo will be orvinced that it can andtimust ke done

Rorald Coosan, Batavia Plant Manayer

* Histaically in our busness weve aways sid it is aur respongbility in the gantto make tings to tueprint, to pecifica-
tion, to gaugs, to @oepdnce standds, to deiatiors, and ha was he qidity philosghy we kuilt Batavia round and we
think we dd a prety good pb © gart with on making it © print, and making it © gecification and making it © test sand
parameers.

Drexel Bunch Qudity Control Manayer

* The qudity of the ATX trangmisson, as neasted by mnformanceto Hueprint, has leen excdlent snce aur laurch. We
since haveleaned, however tha qudity as neastedby aur austomes is cependent a lesspiece to-piece \arnation in he
assenbies Tha is key © the perormanceof an automatic trangmisson

* Pieceto-piece \ariation in hesevalesand the bres wthin the bdy of the nain contd is critical and t must ke
mahntaned in a \ery tight tolerance the kssvariation thee is tetween peceto pgece the nmore mnsstenty the
trangmisson will perform.

* Batavia is urique in ha we fae df diredly with foreign cmpsition naking the eact same tangmisson that is madce &
Batasia. We learned fom very ealy experiencewith austomes tha they acceped the rangmisson mack by he breign
conpdition beter tran ars. We st ait o find aut why. We procured a snall sanple of trangmissons and tae them
dowvn and anajsal them for qudity, againas neastedin conformanceto dueprint. It was dscoveredduting tha analysis
that they adso hadbeterqudity as meastedin peceto-piece \aration, a sgnificantpaint, explaining againwhy thdr trans-
misson wasaceped & perorming beter than the Bitavia-produced ATX trangmisson Conformanceto Hueprint was
excdlent, conformanceto Hueprint of the Batavia trangmisson is excdlent hut more peceto-piece \aiation is doseved.

Bo Westekamp, Qudity Contrd Supenisor

* The evaluaion ha we dd here at Batavia wasan n-depth evalidion. We todk 10 Batavia trangmissons and D conpei-
tors trangmissons and, from the pint tha we ot them in the dar, we dd every analysis tha was msdble. The first hing
we dd was b put the mnpleteassenbly across he fnal test sinds, gt rumeous pintouts. Soondly, we ore the tans-
missons cbwn, took dl bolt torques, @mpletdy visudled the trangmissons, estedall subassenbies beore they were ds-
assenbled then dter that, we dsassenbled dl the sibassenbies and ompletdy did dimersinal cheks on dl the
variade measwements ha we could make.

Drexel Bunch Qudity Control Manayer

* We knew our canpeftion was bugh but we werert sure st hav toudh; the stidy shovedwe weae good hut it showved
they were camngood.

* The trangmisgons fundion ore like the oher, this lak of varation mmes hrouch in customeraceptinceand vha they
peceve to be as gdity.

Rorald Coosai, Batavia Plant Manayer
* Their contamnaion kevds are lowerthan airs, yal e ery few chips and kurrs, very few nicks, and gnificanly beter
micrdinishes h boththe fundionaland the pnfundionalareasof our produd.

Jery Piiest Qudity Contrd Superintendent

* There was one pdicular partthat we lodkedat, the vale ody, and we were chedking an insde diaméer d a bore. | had
a floor ingectar making the cheks,and @ he went to thegb and beganto us the quge whichis a \ery sendtive ar-
electionic piece d equipment, he put the firgt off-shore wnit on and, as he gugel the fart, it showvedright on the bw limit
of the gauge As he ptaed the partto lodk for runait, he burd none After vad more thedks he vas gting the exact
same eadng an each part, so e gopped qaudng and got Hs gauge raders aut o verify tha the qaugewasworking or-
recly. It was nadered orredly so he esumedhis dedks ajainand alll0 peces chekedin the &act same face wih
abstutdy no runait and ro vanation, which justseenedamazng. He though the qaugewasbrokenand cakkd n a
request or a qugereparman who cameu and \erffied that he gugewasindeed working and ta the qudity leve of
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Figure1l.3a. INDUSTRIAL PROBLEM SOLVING: TheRoleof Variation (continued 1)

that partthat was ndicaed n the chekswasindeed tue
* The variation was ® snallthat it could not be meastedby thesesophisticaed nstuments

Rorald Coosan, Batavia Plant Manayer

* You try to ddernine what @ugs ha congstencyso you take your conpéitions valve body gpart and yau measee sone
things — yar measte the e of the lore and yal record i, you neaste the «ze of the vale and yai record i, and yal
measte Pring loads you dso measte nicrdinish. And o the D compditive wits tha we lodked at, we dswoveed
that aur campettion wses abaut 27% d the tderancefor all those onponents ha | descibed: rings, tore, micrdinish,
size of the vale and sze of the tore. Now tha pieceto-piece mnsstency allows that valve tody to fundion nore
consstenty when t getsin the test stand and thestt when t getsin the customes ar.

* We dd the samehing for Batavia — a wider spread indicding we htad ®me hings to do It indicded b us ha on ar
valves we wsed 70% of the tderance now tha's sgnificanly higher than | wauld hare imagined, and the knd of
procesing equipment we havein Batavia would indicae that we @uld do nuch beter and we ae working o it and ae
gettirg beter And were in the pocess nav of going through a @npleteanaysis of aur ginding process and waking
with aur gring supgiers, so ha we @an gt the knd of congstencythat air canpeftion las Then oncewe ahieve ha
consstency we @n rmange ar produd — our canpeftion mangesthe produd — ... © make bores @ the hgh side,
valveson the bw sde havemean dnersions m the Prings, and &Il get & good a findioning main contrd in test and
in wha our austo-merses, & air canpeition es.

Bo Westekamp, Qudity Contrd Supenisor
* | gues the tottom inethat we learned a Batavia is tha meding Hueprint is not good ecugh

Having viewed the \ideo, you $auld rec@nize a important idea ve haveenmurtered gevioudy in this Rart in the hird st
of commentsy RonaldCocsai (givenaboveon this @gé, we ae ranindedthere is £ldoman eay outeto process mprove-
ment; atrer a sustanedand gsemdic effort to identfy and then emae @ues ¢ unwantedvariation or aher problens) is
usualy neectd. As Box and Hsgaard point out an the averkaf se of Figure 1.4 with referenceto the Mataushita téke-over
of an Ameiican elevision mandacturing gantjustouside Chicayo: It took four or five yeas d metiauloudy weedhg aut the
cawses bdekcts

o Of centralimportancein this onextis the fad tha Satisticalmethods dfer aplanred gproadc to this type of problem
sdving, in contrast to the videspeal mismncgepton that problem siving mosty is a'hit-or-missaffair; the shtistical apmach
(eg, wsingthe ADEAC cyde) usudly is subgantially more dficient and the Analsis stgp is mmnonly basedinitially on
what ae known & Ishkawd Seen Dds:

- Chek sheds for datacdledion; - causeand-effed diagrans; - strdification dharts; — control charts.

- Paetoanalsis - histgrans; - satterdiagans;

We havepreviaudy disausse histggrans (in Part3) and sater diaganms (in Part9); the oherfive tools will be deseibed
later in this Rart11.

Two furthermdters ae:
® The \video illustraes the ley mle d datacdledion of pften difficult) meastements m industial prodem sdving
- It dlso males tea the mportanceof collecting the right data @rsweing the right Queston) and ersuing tha the déa
are of alegude predsion and @equde aaurecy in the Questbn mnext
e It is aur individual experiencethat it typically costsmae to purch@e & item o high qudity than to ly the sametém of
low qudity; howerer Deming @nd ohers) raveemphaszed that this @an ke amideading anabgy for industy — increase
qudity of output resuting from process mprovenent caneadto increasd produdivity.

Forthe Ford Bataviavideo peserdtion identfy eac of the bllowing and gve a lrief desciption of it:
e the prablem— the Queston to be ansvered e the solution of the poblem — he Answve to the Queston;
o the cawse§) of the poblem o the implementdbn of the slution
- Explain briefly the mportanceof consdering the natterunde thesefour headngs

The ®ond comment by B Westekamp (given above near he midde o this pgell.B) is a simnary of the bssn(9
from the nvestgaton at he Ford BataviaTransale Hant; exdain briefly whether Hs gatement orveys the esentials of
the Investigators findings

Ouline what is meant by the stement pear he midde o the first &le (page 1L1) of this Agure 1L.3a]: qudity is rever-
endng impgovenent
(continued weled)
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Nea the end bhis mmmentgnear te t@ of the mndside (page 119 of this Agure 1L 31], Jom Betti says: .... ve nug
start with proceses under datistical contol ... .
e Explain briefly wha is meant by a pcess ha is under datistical contol.
o Accauntbriefly for the requirement or gatisticalcontrol in the ontext of John Betis remaks.

In the tird of his first set & commentsgon the lowerhaf of the £mndside (page 1.12) of this Fgure 1L 3a], Drexel Bunch
refers o .... asmdl sampk of tansnissons ... .
® What was he atud sanple $ze? Explan briefly.
o What were the alvantge§ of thesmd sanple $ze? Explain briefly.
e What ae the (paential) disadvant@e(g of asmd sanple sze? Explan briefly.

[6] What ae the measuremat implicationsof the §uation descibed by Erry Priest[staring at he ottom d the ®ondside
(page 1.12) of this Agure 1L.3a]. Explain briefly.

What ae the satisticaldanger(s) of the ealudion procedire & it is deseibed by Bo Westekamp [on he ®mnd side
(page 119 of this Fgure 1. 3a]? Explain briefly.

Ouline what FonaldCoasah is lefering  [towards the lottom d the £mndside (page 1.12) of this Fgure 1L 38] when he
mentons .... ®ntamination lewels.... .

@ In his third set d commentggivenon te tird sde (page 1.13 of this Fgure 1L 3a], Rorald Coosai rotesthat he tonpe-
tition' usedstbstintally lesseg, 27% vs 7099 of the tderancethan was $sedat Ford Batavia prior to the invesigation
descibad in the vdeo. In addtion © more @nsstent peribrmance wha othe advantge des the bwer pacentge
confer? Explain briefly. [You may wishto refer badk to Exanple 5174 d the STAT 220 Caurse Matefals in formulating
your answet]

In his third set d commentggivenon the tird sde (page 1.13 of this Fgure 11 3], Rorald Cocsai autines a miod for
obtaining more cnsstent undionirg of the valie kody: .... baes on he hgh side, \alves on he bw sde, fave nmean dime-
sins o the grings...., explan briefly how this siggestbn would leadto the deised estt.

The theme d the mportancein industy of reduced \ariation has aisen in (@t least two Fguresin eatier Pars of these
Caurse Materals: Figure 210aboutthe Mapk Leaf gld cans, and FHgure 62 descibing Program18 in Againg All Odds:

The Sxmpk Aveage and Gontol Charts wheke, daout 16%2 minutes into the vdeo (.e., ebaut 15% minutes into its atud con-
tentg, Anthay Gallonio, the Fito Lay Qudity AssuanceManayer commentsabout packaying potao chips: .... ar variation
from kag © bag dminished; weve pobably made a50% mpovenentin variation snce weve ngituted SPC i aur opeation.

e |denfify the fadors in each studion (iz.Ford the ®ins, Fito Lay) for which reduced \ariation is of @ncern
o Caompae and ontast the dvantge9 of reduced \aration in he hree ase.

In Program18 d Agang All Odds The Simpk Avgage and Gontol Charts just underl6 minutes into the vdeo (.e, just
unde 15 minutes into its atud contenty, as a kadin to Anthay Gallonio's commentsabout packaging potao chips
(menioned dove in Questbn 1), it is sated that: In the @, a @m@ny would ingect the podudt at the end bthe po-
cess but that's a lttle late to know if somehings wong.

e Briefly indicae what iswrorg with ingection of the fnishel produd as a nettod d qudity contrdl.
- What alternative to final ngection is advocatedin the Ford Batavia video énd n Program18 d Agang All Oddg?
Indicae biiefly the way(9 in whichthis dtemaive is an mprovenent

In the ®@mmentsear he ottom d the hird sde (page 1.13 of this Agure 1L 3a, he mint is made e increamg qudity
by pocessimprovenentalso ncreasegrodudivity. Suggestway(s) d increamg qudity tha would be Ikely to decreag
produdivity; explan briefly in each case
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