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Figure 11.3a. INDU STR I AL PROB LEM SOLVING: The Role of Var iat ion

This vid eo is about con tin uou sim prove ment in quali ty and produ ctivity in the auto indust ry; amajo r them eis that an essen-
tia l co mponent of quali ty is re d uce dpart-to-part var iation. The vid eo illust r ates this theme by an inv estig a t ion at the Ford
Bat avi aTr ans axle Pla n t that compare d the per for manc eof the sa m eau tomati c transmissio n, par ticularly the va lve body (the
cont rol unit whi c hma kes the transmissio n shif t gears), manufacture din Nor thAmer ica and in Jap an.

Be ar in min d the fol low ing matt e rs as you watch the vid eo:

• The com mentsof the indivi d uals in the vid eo provi de insig hts of impor tanc ein t o pervasiv e proble ms facing many Nor th
Amer ican indust rie s; howeve r, the vie wer shoul d note the maxim: it’s simple but it isn’t easy with respect to bot h un d er-
st anding a problem and implem e n ting its solutio n.

• The co mplexity of the casting of the alum in umou t e rca sing of the valve body; this is a useful rem inde rof the lev el of
so phis ti c ation that can be achieve din mass produ ction of con sum er goods.

• The meaning sof three technical ter ms:
−− mi crofinish refe rs to the microscopic smoot hness of a sur face, usually of a met al par t;
−− runout is dep arture from rou ndn ess or circularity, usually of a bore, shaft, pis t on, etc.;
−− tolera nce is the differenc e(o r‘d ist anc e’) bet ween the upper and lowe r(e ngi neer ing) specific ation lim its.

• The met hod of mea s uring the in sidediameter of a (ci r c ular) hole.

• The diagr ams of rep air frequ encie s(a his t ogr am), of tim ing valve sur face finish variation (dist rib u tio ns) ,and of the percen-
tage of tole r anc eus ed (dist rib u tio ns) .

Highlig hts of the vid eo’s print e dand spoke npres entation sare as fol low s :

* The Ford Moto rComp any is com mitted to nev er ending quality progres sthroug hsu ch approaches as con tin uou sre duction
in process variation. This pre sent ation des cribes the impor tanc eof that philo s ophy by comparing a Ford desig ned trans axle
ma n ufacture dby a Ford pla n tand by an off-sho re sou rce (so m etim e srefe rre dto in this pre sent ation as "the competition").

* The analys is of their produ ct indicates that pie c e-to-pi ece con sis tenc yis now the name of the game in quali ty – it is now
what you hav eto do to be competitive in the world marke t in the are aof quali ty.

Quality no longe ris make it to blu eprin t or speci fi cation – quali ty is nev er-ending improve ment.

* Althou gh the recent inv estig a t ion that we complet e dat Batav ia was a lim ited 10-pi ece inv estig a t ion, we feel that the infor ma-
tion we gaine dwa sve ry valuable in that it was an apple s-to-ap ples comparison bet ween the two groups of transmissio ns.

Ji mBa kke n, Vic ePresid e n t– Operation sSt affs

* The Ford Moto rComp any’s operating philo s ophy is to produ c egoods and ser vic esthat meet custome rne e ds and expecta -
tion sby provi ding an env ironm e n tthat encou rag es all emplo yees to pursue con tin uou sim prove ment in quali ty and produ c-
tivity throu ghout the company, its sup ply base, and in the dealer orga n ization s. In the past, we hav edeve loped the idea that
the att ain ment of 100% quali ty goa l wa sthe att ain ment of mak ing eve ry par t within eng ine e ring speci fi cation s; when we
ha ddone that, we had achieve dthe ultimate. Progres scoul d no longe rbe con sid ere dcontin uou s. This is changi ng. A new
conc ept provi des the oppor tun ity for us to pursue con tin uou sim prove ment in quali ty and produ ctivity when we recog n ize
that improvi ng the variation of criti c a l charact e ris ti cs in produ cts or in processes lea ds to quali ty improve ment – it truly
does – and that’s what the vid eot ape you are about to see is all about: the reduction in variation and how it con tributes to
contin uou sim prove ment in quali ty and produ ctivity.

Jo hn Betti, Vic ePresid e n t– Powe rtrain and Cha s sis Operation s.

* Over the past few years, all of us in the automotiv e busi nes shave exper ienc e dso m e re a l sh ock s. A lo t of the truths that
we had accep ted with lit tle or no que s tion hav ebeen challenge d, and many of them hav en’t stood up unde rrigo rou s(a n d, in
so m eca s es,not so rig orous) analys is. The toug hco mpetition we faced has cau sed us to ret hink some of the basics of the
busi nes s. For me personally, the res ult s of the inv estig a t ion .... at the Bat avi aTr ans axle Pla n t dest royed one of the basic
tr uths about the busin ess that I had accep ted long ago: .... building par ts to print isn’t good enoug h. For mos tof us in the
technical and manufactur ing end of the busin ess, one of our big str ugg les has been to get par ts to print or the find a way of
ge tting, or giv ing, a dev iation to cov er the par ts bei ngproduced . Neve r in the 31 years I’v e been in this busin ess hav eI eve r
been aske d, or hav eI eve raske d, to tig hten the tole r anc e.

* Ever ybody knows that the engi neer ask sfo r tole r anc es tw ic eas tig ht as he needs becau se chanc esare the manufactur ing
guy wil l buil d it to print only par t of the tim eat best. When I took ove rPowe rtrain and Cha s sis Operation sa lit tle ove r4
ye ars ago, my quali ty obj ectiv e wa sto make sure we were building eve ryt hing to print or to make sure that we had an
au t hor ized eng ine e ring dev iation. In some of the pla n t s ,I cou ldn’t eve nfin d ou t if we were building to print. What Ron
and his team learned is that while we’v e been mak ing gre at progres sin meeting my origi nal obj ectiv e of building to print,
ou r not-so-fr iendly competition was mak ing gre at str ides in building unifo rm par ts – eve ry par t ju s t li ke the par t ahea dof
it and just like the par t fo llowing, wit h ve ry lit tle variation. While we were arguing about how good the par ts had to be,
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they were wor king hard on mak ing them all the same. We wor rie dabou tspecific ation s, they wor rie dabou tun ifor mity. While
we were satisfie d and proud if we were to print, and then worrie d abou t ke epi ng it to print, they started with the par t to
prin t and worked on con tin uou sim prove ment in the unifo rmity of the par ts. Con trol, unifor mity, con tin uou sim prove ment.

* Ro nwill giv e you a speci fi c ex ample of how the super ior unifo rmity on the par ts of our competit or, par ticularly the valve
body, sig n ific a n tly improve dthe fun ction of the produ ct we gav ethe custome r. I am absolu t ely convi nced that they hav ea
superior approach. Think of the sig n ific a n tim prove ments we cou ld make in fits, fun ction, cos t, weight, in vir tually eve ry
aspect of our produ ct, if we cou ld be assure dthat eve ry par t wa san exact copy or wit h ve ry lit tle variation. I am person-
ally com mitt e d to this approach. If we are to be competitive, we must star t with processes unde r st atis ti c a lcont rol , and
de dicate ourselves to con tin uou sim prove ment in the unifo rmity of the par ts bei ngproduced . I’m sure that when you’ve
heard Ron’s sto ry, you too wil l be convi nced that it can and it must be don e.

Ro nald Coosaia, Bat avi a Plant Manage r

* His t orically in our busin ess, we’v e always said it is our respon sib i lity in the pla n t to make things to blu eprin t, to speci fi ca-
tion, to gau g es, to accep tanc e st andards, to devi a t io ns, and that was the quali ty philo s ophy we built Batav ia aroun d, and we
think we did a pretty good job to start wit h on mak ing it to print, and mak ing it to speci fi cation, and mak ing it to test stand
parameters.

Drexel Bun c h, Quali ty Con trol Manage r

* The quali ty of the ATX transmissio n, as mea s ure dby confor manc eto blu eprin t, has been exc ellent sin ce our lau nch. We
si nce hav ele arned, howeve r, that quali ty as mea s ure dby our custome rs is dependent on les spi ece -to -pi ece variation in the
assemb lie s. That is key to the per for manc eof an automati c transmissio n.

* Piece -to -pi ece variation in thes evalve s and the bores wit hin the body of the main con trol is criti c a l and it must be
ma int aine d in a ver y tight tole r anc e; the les s variation the re is bet ween pie c e to pie c e, the more con sis tently the
transmissio n will per for m.

* Bat avi a is unique in that we face off directly wit h fo reign competition mak ing the exact same transmissio n that is made at
Bat avi a. We learned from ver y early exper ienc ewith custome rs that they accep ted the transmissio n ma de by the foreign
co mpetition better than ours. We set out to find out why. We procure d a sma l l sample of transmissio ns and tore them
down and analys ed them for quali ty, aga inas mea s ure din confor manc eto blu eprin t. It was dis cov ere ddu ring that analys is
that they als oha dbett e rqu ali ty as mea s ure din pie c e-to-pi ece variation, a sig n ific a n tpoin t, exp lain ing aga inwhy their trans -
missio n wa saccep ted as per for ming better than the Bat avi a-produced ATX transmissio n. Confor manc eto blu eprin t wa s
excellent, confor manc eto blu eprin t of the Bat avi a transmissio n is exc ellent but more pie c e-to-pi ece variation is obs erved .

Bo West e rkamp, Quali ty Con trol Super vis or

* The evaluation that we did here at Bat avi a wa san in-dept h ev a luation. We took 10 Bat avi a transmissio ns and 10 competi-
to r’s transmissio ns and, from the poi nt that we got them in the door, we did eve ry analys is that was pos sib le. The first thing
we did was to put the complet eassemb ly across the final test stands, get num erous printouts. Secon dly, we tore the trans -
missio ns dow n, took all bol t to rqu es, complet ely vis u alled the transmissio ns, test e dall subassemb lie sbefo re they were dis -
assemb led; then, after that, we dis assemb led all the subassemb lie s and complet ely did dim e nsi onal check s on all the
variable mea s urements that we cou ld make.

Drexel Bun c h, Quali ty Con trol Manage r

* We knew our competit ion was tou gh but we weren’t sure just how tou gh; the study showe dwe were good but it showe d
they were dam ngood.

* The transmissio ns fun ction one like the othe r; this lack of variation comes throu gh in custome raccep tanc eand what they
perc eiv e to be as quali ty.

Ro nald Coosaia, Bat avi a Plant Manage r

* Thei r cont amination lev els are lowe r than ours, you see ver y fe w chips and bur rs, ver y fe w nicks, and sig n ific a n tly better
mic r ofin ishes in bot h the fun ction a land the non -function a larea sof our produ ct.

Je rry Prie s t, Quali ty Con trol Super int endent

* There was one particular par t that we looke dat, the valve body, and we were che cking an insid ediameter of a bore. I ha d
a floor inspect or mak ing the check s ,and as he went to the job and bega nto use the gau g e, whi c h is a ver y sensit ive air-
electron i cpi ece of equ ipment, he put the first off-sho re unit on and, as he gau g ed the par t, it showe dright on the low lim it
of the gau g e. As he rot ated the par t to look for run out, he fou nd non e. After sev eral more che cks he was getting the exact
same rea ding on each par t,so he sto pped gau ging and got his gauge masters out to ver ify that the gau g ewa swo rking cor-
re ctly. It was mastered cor rectly so he res ume dhis che cks aga inand all10 pie c es che cke d in the exact same place with
ab s olu t ely no run out and no variation, whi c h ju s tse eme damazing. He thoug ht the gau g ewa sbroke nand called in a
requ est for a gau g erep air man who came out and ver ifie d that the gau g ewa sin d eed wor king and that the quali ty lev el of
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Figure 11.3a. INDU STR I AL PROB LEM SOLVING: The Role of Var iat ion (continue d 1)

that par t that was indicated in the check swa sin d eed true.

* The var iation was so sma l l that it cou ld not be mea s ure dby thes eso phis ti c ated ins truments.

Ro nald Coosaia, Bat avi a Plant Manage r

* Yo u tr y to deter min e what cau ses that con sis tenc yso you take you r co mpetition’s valve body apart and you mea s ure some
things – you mea s ure the size of the bore and you record it, you mea s ure the size of the valve and you record it, and you
mea s ure spring loa ds; you als o mea s ure mic r ofin ish. And on the 10 competitive units that we looke d at, we dis cov ere d
that our competit ion uses about 27% of the tole r anc efo r all those components that I des cribed: springs, bore, mic r ofin ish,
si ze of the valve and size of the bore. Now that pie c e-to-pi ece con sis tenc y allow s that valve body to fun ction more
consis tently when it get sin the test stand and the res ult when it get sin the customer’s car.

* We did the same thing for Bat avi a – a  wid er sprea d, indicating we had some things to do. It indicated to us that on our
valve s we use d 70 % of the tole r anc e; now that’s sig n ific a n tly hig her than I woul d have imagi ned, and the kin d of
proces sing equ ipment we hav ein Batav ia wou ld indicate that we cou ld do much better and we are wor king on it and are
ge tting better. And we’re in the process now of goi ng throu gh a complet eanalys is of our grinding process, and working
with our spring sup pli ers, so that we can get the kin d of con sis tenc ythat our competit ion has. Then, onc ewe achieve that
consis tenc y, we can manage our produ ct – our competit ion manage sthe produ ct – .... to make bores on the hig h si de,
valve son the low side, hav emean dimensi ons on the springs, and we’ ll get as good a fun ction ing main con trol in test, and
in what our custo -me rse es, as our competit ion does.

Bo West e rkamp, Quali ty Con trol Super vis or

* I gue ss the bottom lin e that we learned at Bat avi a is that meeting blu eprin t is not good enoug h.

Havi ng vie wed the vid eo, you shoul d re cognize an impor tant idea we hav eencou ntered previously in this Par t: in the thi rd set
of com mentsby Ron a l dCoosaia (give nabov eon this pag e), we are reminde dthere is sel d o man easy rou t eto process improve -
ment; rat her, a sust aine dand sys tem ati c ef for t to identify and then rem ove cau ses of unw ant e dvariation (or other problems) is
us u ally needed . As Box and Bisgaard poi nt out on the ove r leaf sid e of Fig ure 11.4 wit h refe renc eto the Mat sushita take -ov er
of an Ame rican telev isi on manufactur ing pla n t ju s tou tsi de Chi c ago: It took fou r or five years of met i culou sly wee ding out the
ca uses of defec t s.

• Of cent r alim por tanc ein this con tex t is the fact that statis ti c a lmethods offer aplan ned approach to this type of problem
solv ing, in con trast to the wid e spre ad mis con cep tio n that problem sol ving mos tly is a‘hit-or-miss’ affair; the statis ti c a l ap proach
(e.g., usi ng the FDEAC cycle) usually is sub stantia l ly more efficie n t, and the Analsi sst ep is com monly base din itia l ly on
what are known as Ishikaw a’s Se ven Tools:
−− Check she ets for dat acollection; −− caus e-and -ef fect diagr ams; −− st r atific ation charts; −− cont rol charts.
−− Paret oanalys is −− his t ogr ams; −− scatt e rdiag rams;
We hav eprev i ously dis cus s ed his t ogr ams (in Par t3) and scatt e rdiag rams (in Par t9); the othe rfiv e tool swill be des cribed
la ter in this Par t11 .

Tw o fur the rmatt e rs are:

• The vid eo illust r ates the key role of dat acollection of (often diffic ult) mea s urements in indust ria l proble msolv ing.
−− It als o ma kes cle ar the impor tanc eof col lecting the righ t data (answe ring the righ t Questio n) and ensuring that the data

are of adequ ate pre cisio n and adequ ate accur acy in the Que s tion con tex t.

• It is our indivi d ual exper ienc ethat it typically cos t smore to pur c h ase an item of high qu ali ty than to buy the same item of
lo w qu ali ty; howeve r, Dem ing (and othe rs) hav eem pha sized that this can be amisle adi ng analog y fo r in du s try – inc rea s ed
qu ali ty of output res ulting from process improve ment can lea dto increa s ed produ ctivity.

Fo r theFo rd Batavi avi deo pres entation, identify each of the fol low ing and giv e a brief des criptio n of it:

• thepr oblem– theQues tion to be answe red; • theso l ution of the problem – theAn swer to the Que s tion;

• theca use (s) of the problem; • the implem enta tion of the solutio n.
−− Explain briefly the impor tanc eof con sid ering the matt e run d er thes efo ur hea ding s.

1

The secon d co mment by Bo West e rkamp (give n abov e near the middle of this pag e11 . 13) is a sum mar y of the les son(s)
fr om the inv estig a t ion at the Ford Bat avi aTr ans axle Pla n t ; ex pla in brief ly whether his statement conve ys the essentia ls of
the Inv estig a t ion’s finding s.

2

Outlin e what is meant by the stat ement [near the middle of the first sid e (page 11.11) of this Fig ure 11. 3a] : qu ali ty is never -
en ding improve men t.

3

1995 -04 -20

(cont inued overleaf )



Un ive rsity of Wat e r loo STAT 221 – W. H. Che rry

#11 . 14

Ne ar the end of his com ments[n ear the top of the secon dsi de (page 11.1 2) of this Fig ure 11. 3a] , Jo hn Betti says : .... we must
start wit h pr ocesses under sta tis tical con trol .... .

• Explain briefly what is meant by a process that is under sta tis tical con trol.

• Accoun tbr ief ly for the requi rement for statis ti c a lcont rol in the con tex tof John Betti’s rem arks.

4

In the thi rd of his first set of com ments[o n the lowe rhalf of the secon dsi de (page 11.1 2) of this Fig ure 11. 3a] , Drexel Bun c h
refe rs to .... asm all sample of tra n smis sions .... .

• What was the actual sample size? Exp lain brief ly.

• What were the advant age(s) of thesm all sample size? Exp lain brief ly.

• What are the(potentia l) disadvant age(s) of asm all sample size? Exp lain brief ly.

5

What are themeasurem ent im p lication sof the situation des cribed by Jer r yPrie s t[s tar ting at the bottom of the secon dsi de
(page 11.1 2) of this Fig ure 11. 3a] . Explain brief ly.

6

What are the statis ti c a ldang er(s ) of the evaluation procedure as it is des cribed by Bo West e rkamp [on the secon d si de
(page 11.1 2) of this Fig ure 11. 3a]? Exp lain brief ly.

7

Outlin ewhat Ron a l dCoosaia is refer ing to [towards the bottom of the secon dsi de (page 11.1 2) of this Fig ure 11. 3a] when he
mentio ns .... con t ami nation level s.... .

8

In his thi rd set of com ments[give non the thi rd sid e (page 11.1 3) of this Fig ure 11. 3a] , Ro nald Coosaia not esthat the ‘co mpe -
tition’ use dsubs tantia l ly les s(e.g., 27% vs 70 %) of the tole r anc ethan was use dat Ford Bat avi a prio r to the inv estig a t ion
des cribed in the vid eo. In addit ion to more con sis tent per for manc e, what oth er advant age does the lowe r perc ent age
confer? Exp lain brief ly. [Yo u may wis h to refer back to Exa mple 5.1 7.4 of the STAT 220 Course Mat e ria ls in for mulating
your answe r.]

9

In his thi rd set of com ments[give non the thi rd sid e (page 11.1 3) of this Fig ure 11. 3a] , Ro nald Coosaia outli nes a method for
obtain ing more con sis tent fun ction ing of the valve body: .... bores on the hig h si de, valves on the low side, have mea n di m en-
si ons on the spr ing s....; exp lain brief ly how this sugge s tion wou ld lea dto the desired res ult.

10

The theme of the impor tanc ein indu s try of reduced variation has arisen in (at lea st) two Fig ure sin earli er Par ts of thes e
Course Mat e ria ls: Figure 2.1 0abou t the Maple Leaf gol d coin s, and Fig ure 6.2 des cribing Progr am18 in Ag a inst All Odds:
The Sample Average and Con trol Charts, whe re, about 16½ min utes into the vid eo (i.e., about 15½ min utes into its actual con-
tents), Ant hony Gallon io, the Frito Lay Quali ty Assuranc eMa n age r, com mentsabou tpack agi ng pot ato chips: .... our var iation
from bag to bag diminish ed; we’ve probably made a50% improve men tin var iation sin ce we’ve institute dSPC in our opera tion.

• Identify the facto rs in each situation (viz.Fo r d, the coi ns, Frito Lay) for which reduced variation is of con cer n.

• Comp are and con trast the advant age(s) of reduced variation in the three cases.

11

In Progr am18 of Ag a inst All Odds: The Sample Average and Con trol Charts, just unde r16 min utes into the vid eo (i.e., just
un d er 15 min utes into its actual conten t s), as a lea d-in to Ant hony Gallon io’s com mentsabou t pack agi ng pot ato chips
(m e n tio ned above in Que s tion 11), it is stated that : In the past, a com pany wou ld inspect the pro duct at the end of the pro -
cess, but that’s a little late to know if som ething’s wrong.

• Br ief ly indicate what iswr o ng with inspectio n of the finish ed produ ct as a met hod of quali ty con trol.
−− What alternative to final inspectio n is advocat e din theFo rd Batavi a vi deo (and in Progr am18 of Ag a inst All Odds)?

Indicate briefly the way(s) in whi c hthis alt e rnative is an improve ment.

12

In the com mentsnear the bottom of the thi rd sid e (page 11.1 3) of this Fig ure 11. 3a, the poi nt is made that inc rea sing quali ty
by pro ces simprove men t also inc rea s esproductivity. Sugge s tway(s) of inc rea sing quali ty that wou ld be likely to decrea se
productivity; exp lain brief ly in each case.

13
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