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Figure 16.3. SIMPLE LINEAR REGRESSION: lllustration 2

The bvariatedaa in this Fgure rder to a nacining process h the mandacture d crankshafs, a najor component o all
normal autormohile engines; the bllowing erminology and abreviationsare invdved
e journal — a g/lindrical beaing an a aankshat;
e miaofinish— the migoscopc smoothness d the pumal surface;

e nominal — the argetvalue (in this irstancefor the joumal dameer); Table 16.3.1
e miagon — a wit of lergth: one millionth  a metreor ane housanth o a millimetre; Diameter (microng
® USL-— upper pecification mit; ® |3 — lowerspedfication Imit. Incomhg | Final
2.8 o7

Example 16.3: In a joumal nadining process a final lapping step improvesthe micrdfinish of the pur §;§ 8 2
nal surface; the Bppng process $ghtly deaeases the pumal damder The pecifica- 2.3 0.6

tionsfor final jourral damder gxpgresedas @viation from nomina) are 0+ 3 microns 23 0.8

To ocontd final journal diameer, the damder d pars mming into the &ppng pro- 2.2 07

cess nust ke contadled. In an invesigaton © detemine gpropriate spedficationsfor g% %f

the incorring pars, 3 joumak ae meassuedbdore ) and ater (y) lappng; the dda 2.0 0.4

are gven in Talde 16.31(in order d deaeasingincoming sz at the figkt. 19 0.3

@ Prepare a pro'perly—latelled satterdiagam of thesedaa and $owv on it the est 143 _8:3

maed egesion o ¥ onX. 13 -0.8

Eniichment J (D) Give the ANOVA table, codficientof deteminaion, correlation @eficientand es 12 -0.6
for STAT 231} timae d o for thesedda. 12 | -o8
() Assas @w wel the egesion model fits the daa; give your reaonsconpletdy ﬁ :8:3

but mndsdy. 0.9 ~0.4

(d) Test the fipothess the bppng process eEmaesa candant anourt of materal re- 0.7 -0

gardess of the ncoming partdiameer 05 | -1

(© Find a 9% confidence intenval for the aveage final diameer if the hcoming da- 8:2 :]l'g’

meer is X indicde lriefly wha this inenal suggestsabout the target value br 01 11

incoming dameter. -0.3 -17

(f) Descibe biefly condtionsunde whichit would notbe desrable to ente the da- -0.3 —21

meters of the ncoming parts on he agetvalue :8-2‘ :ﬁ

(g) Find a 9% predction interval for the final dameer d a joumal for the wo cases —07 21

where the ncoming part diameer is =1 micron and 4 micons indicde lriefly the -11 -2.9

information hesewo intevals wrvey -2.2 -3.3

(h) Indicae wrere you would place the Pecificationsfor incoming dameer; jusify yourarswer

Sdution: (@ From the n=30 dbsevations(x;, Journal Diamete Before and After L apping
y) given in the satenent é the (aten Y (Fina)
guesion, we find the éllowing: usL— 3
>X; =288 >X¢ =7182
Ty, = -20, Ty? = 5176,
24

Xy, =20.93
X =0.96, vy=-0.6
SSy = 4013, 14 s
SS& =44172, e
SS = 38428 . A (o
hence the estmaes of 3, (the 3 2 1 0 7/ 2 3 (incomig)
slopg and g, (the intercet) of oot
the rgesian o ¥ onX are: N e
f, = 0.908 494 068, /
Bo= -1.538 820 973, /
so he gudion of he A2
straght-linemodd is:
ey = —1.5388+0.908

= -0.6+0.9085x — 0.96. *li sl -3

03-0520 (continued wveled)
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Example 16.3: (9 The <dterdiagam of the daa for the joumal dameers before and ater bppng, with the esimaed eges

(continued)
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sin o ¥ onX swpeaimposel on t, is siown overkaf ;m page $11 & the bwerright.

(b)) The ANOVA tale for thesedda is:

Table 16.3.2: SOURCE SUM of SQUARES Df MEAN SQUARE F-RATIO
Modd BSSy = 36.46786698 | 1 | MSM = 36.5678669% | MsSM _ MSM (o0
Edimaed esdud SSE = 1968799692| 28 MSE = 0.0 34 275 MSE ~ 52
Total S§ = 38.426 29 &= 135057%) | = -

©

d

C]

Also, the odficientof deteminaion, the orrelation odficientand the eshae d oare:
r2=0.948 764 754, r=0.974 045 50, o = yMSE = 0.265 58 389 364

Threemdters provide an asessient d how wel the egesian model fits the daa:

o Visud ingection of the sdterdiagram with the esimated egesion o ¥ onX sypaimposel on it hows
all the mints ie reesmably dose to he ine — the hrgestesimaed esdud is for the joumal with an
incoming dameer d 2.1 mcrons
- the points gpea to be sdtered wihout olviouspatem on kothsides d the ing;

- thele dbes ot gopea to be ay g/semdic chamge in he nmagntude d the esmaed esduds with
incressingvaluesof x, whichis consstent with the essumption of ®ngant o.

e TheF-ratio (5185) is very high and © provides lighly statisticaly sgnificantevidenceagairst the lypothess
B, =0, indicding a meanngful regesim.

® The value of he odficientof detemingion $ows ta nealy 95% d the vaiation of he ys @aut their
avaage tas ben aoourted for ly the estnated egesian o ¥ onX.

Thesecondderationsall show the staight-line modd is a gpod fi to the dda.

We want to déermine whether tte difference beween the final andricoming dameers is condant,
i.e, we want to chek if: ¥ —X = condant a: ¥ = congant +X;

hence we want to test theypothess: 8, =1, G-p
1 1

so he ekevantdisaepancymeasue is: D= Utn—.
sd(5.)
We have 5=0.265168 389 364, £ =0.908494068 Pr[-2.0484 <ty<2.0484] = 0.95,
so hat: sd(g) =& S( =0 44172 L10.039 897 733;
hence underH: B, =1, the valie of he test sitisticis: % El-2.293512

so heP-valie is: Pi|t,g| < —2.293519 = 2x Prt,; > 2.293513 El2x0.014 %6 £10.029 532510.03.

We tusfind that the dda provide sétisticaly Sgnificantevidenceagairst H: 5,=1 and © condude the bp-
ping process aesnotrema/e a ongant armourt of materal regardless of incomng partdiameer.

NOTE: 1 A95% Clfor g,is: 0908 494+ 0.08.726 45 => (0.826 B7 0.990 221
or sbaut (0.827 0.990 micrans dter/micrans kefore;
in agreanent with the resut of the test bsignifican@, he valie 3,=1 liesoutside tis Q.

We want a 9% confidence intenal (CI) for the means (x; =0.99, repreening the aveage of the egponse
variate ¥ when the sidy popuation, specified by the eplandory varate X, is joumak with an hcomng
diameer d X = 0.96 microns dove farget

We have 0=0.265168 389 364, [ (x;=0.99 = -0.6, Pr[-276326 < t,5< 276324 = 0.99,
_<\2

sohat  o/® X 1 = 5/096-099° | 1 g 048412903;
S& n 44172 30

-0.6+ 0133 777 438 = (~0.800 444-0.532 889
or sbaut (-0.800,-0.533 micrans (bdow targe).

Beaue this A covas aly values appedally bdow zeo, it indicaes tha the pocess & cented bdow target
for final jourral diameer.

hencea 9% A for 14,(x =0.99 is:

NOTE: 2. iy(x=X) =y and thedrmof the A is actudly: y * ,t}—,x s.dY) =y £,t xaf

(continued)
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[llustration 2 (continued 1)

Example 16.3: (f) Conditionsunde whichit would not be desrable to @nte the dameers of the ncoming pars on he aget

(continued)
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value ae when the pocess ha produce the pumak is rot capabé of meding the pecifications. It would
then ke beter © cente the pocess ®mavhat above the tamet beau® joumak abovethe USL can ke
lapped a ®mondtime to nake them dmalker @nd within spedficationg wheeas joumak bdow the LSL can
orly be dscardedas srep. The latteris the greater of thesetwo aostsof poor qudity — the nuch beter
alterrative, of course is to havea process @palle o produdng an acepably high proporton of jourrals
within spedficationsafter onelappirg operdtion.

(9) We want ®% predction intenals (Plg for the rancom vaiables Yx;=-1) and Y(x;=4), repreening the

reponsevariate ¥ for an individual randomy-seleded pumal when the sidy popuations ecified by the
exgandory varate X, are joumak with incoming dameers d -1 micron and d 4 microns

Welave & =0.26558 389 364, J,(x=-1) = —2.447 35 04, Pr[-276326 < t,, < 276324 = 0.99,
so hat: /(XJ ) 4141 = j(‘l 099" , 1.1 00280665 734
44172

—2.447 35 M1 + 075 552 398 = (-3.222 867,-1.67L B3
or ebaut (3.2, -1.67) micrms

[This P, togetrer with tre cne fom overkaf o page 614 and the @ from (g) o the fadng page 612, are
shavn o the dagram below]

hencea 9% A for Y(xj =-1is:

Journal Diamete Before and After L apping
(Afted) Y (Final)
USL— 31

(Before)
X

4 (Incomig)

T / Yy = —0.6+0.90854x — 0.9
-2 [r=0.970; r=0.948§

LSL— -3

(continued wvealed)
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Example 16.3: (g) And: 0=0.265168 389 364, i (x,=4) =2.09555299 Pr[-276326< t,3< 276324 = 0.99,
(continued)

(h

i ~ (% —%)* 5/(@-09¢’ 1 O
so hat: o 5 + = +1 it 30 +1 0.295582 698;

hencea %% A for Y(x; = 4 is: 2095 B5 299+ 0.816 771 847 = (1278 B3 2.911 @7
or ebaut (1.28, 291) micrans

NOTE: 3. o fadors make the Rs in (g) © nuch wide than the Cin (e):
e a Pl is anteval esimae for a radom vaiade repreening the egpomseof an indvidual,
wheeess a Cl is anniteval esimae for ameanrepresening a sudy popuation aveage:

e in this Bxarrple, he A is for x =X in the cerire of the d#a (vhere Ansvers are mos precss,
wheless the two Bs ae for valuesof x; towards a at the ends of the nteval o obsevation
(where Ansvers ae less predse.

The pecificationsfor incoming dameer $auld be sich tha an apropriatdy high percentge of he (indivi-
dud) jourrals after lappirg are within the pecificationsof 0+ 3 microns deviation fom nominal

o at heleft of the sater diagam overkaf ; page 613, this mears we want a P whose lower limit is &
close & posdble to the LSL o -3 microns
e at herightof the dagram, we want a Pwhoseuppe limit is as e as pswble to the LBL d 3 microns

For 9%% within spedficationsfor jourrals with incoming dameers at he bwerand yoper imits, by tial and
eror we find the elevantPls ae those br X =—076 nicrans and X = 4.09 nicrons

lower: 0=0.265168 389 364, [(x;=—-070 = —2.229276 465, Pr[-276326 < t,3< 276324 = 0.99,
. (6 —%)° - j(—om 0.99° 1410
so hat: j + = +1 T +1 +1 0.278149 872;
hencea 9% R for Y(xj =-076) is: —-2.229276 465 + 0768 600 44 => (-2.997 877,-1460 67¢
or ebaut (-3.00, —1.46) micrans
upper: 0=0.265168 389 364, [ (x;=409 =216 A9 B5 Pr[-276326< t,;< 276324 = 0.99,
. (x—%)° - \/(4 09— 0.96° 1 O
so hat: j + = +1 g e +1 0.297074 190;

hencea P% A for Y(XJ 409 is: 217 A9 B5 + 0.820 893 226= (1.36 027 2.997 43
or abaut (136, 300 micrans

NOTE: 4. If we require a probability levé higherthan ®% within spedficationsfor jourrals at he bwerand
upper imits, we could use ®.9% a 99.9%%, for which
Pr[-3.67391< t,; < 367391 = 0.999 Pr[-4.5247 < t,g< 4.53947 = 0.9999.
The restis of trial and eror calcuationsfor the relevant99.9% and 9.99% Pis ae as Bown in
the following talde, whichalso catains he estts for the 9% Hs gven above:

Table 16.3.3: Probability Incoming Diamete L owe Prediction Interval Upper Prediction Interval
Level Lower Upper Difference Endpoints ~ Width End points  Width
99% -076 409 485 (-3.00, -146) 1 (1.3, 300 164
99.9% -0.49 38 430 (-3.00,-0.99 2.03 (0.8, 300 215
9999% -0.24 3% 381 (-3.00,-0.52 2.48 (0.39300 2.4 .

We rotethreemdters from the nformation in he Blde:

e evan thelowestprobability leve (99%) is higherthan he oveall proporton (ca. 967%9 of jour-
nak in the sample within spedfications; [WhyJ

e as he pobability leve incresses, we require a narrower rangeof incoming joumal dameers;

e as he pobaility levé incresses, the s becomewide, reminding s tha, for the fixed infor-
maion onent d a gven st d datg an hcreasedprobabilty (or cnfidene) keve is obtained
only at the ostof awide interval.

NOTE: 5. O paricular inteest n the @niextof this BExanple ae:

e the intepretdion of he slgpe of the egesim lineand the testfasignificane [in (d) an the ®ond
sice (page B12) of the Fgurd;
e the wse d predction intervalsin (h) in managing the bppng process b make it med specifications.
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