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Figure 13.9 SIMPL E LINEAR REGRESSION: Case Sudy 2

The s qudy in this Fgure s mwnerred with a nacdining process n the mandacture of aankshatfs, a najor compo-
nent o normal automohile engines; it invdves the dllowing erninology and abreviations:
e journal — a ¢/lindricd beaing a a aankshat;
o miaofinish— the migoscopc smoothness @ the purnal urface (e dsothe p d the first &le of Figure 1L 3);
e nominal — the argetvaue (in this instance for the journal dameer);
e miaon— a wit of lergth, one nillionth of a metre one housanth o a millimetre;

Sdution: @
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Diamete (microng

® USL-— wpper Pecification imit; ® | S - lowerspedfication imit. Incomig |  Fnal
2.8 o7
Example 13.9% In a journal madining process a find lapping step improvesthe microfinish of the gg 82
jourral wurface; the hppng process ghly deaeases the purnal dameer. The pe- 53 06
cifications for final journal dameer gxpesedas aviation from romind) ae 0+3 23 0.8
microns 2.2 07
To ontd final jourral dameer, the dameer d parts wming into the appng pro- 21 09
cess nust ke @ntolled. In an invesigaton © detemine @propriatespedficationsfor 20 o
the incorming pars, P journals ae meassuredbeore k) and ater (y) lappng; the déa 19 0.3
are tabuated (in order d deaeasingincoming sié at the ight. 14 _04
@ Prepare a poperly-labelled scater diagam of thesedaa and $ow on it the 13038
esimaed egesion o ¥ onX. 12 | -06
(b) Give the ANOVA talle, codficiert of deteminaion, correlation ®dficiert and 12 -0.8
esimae d ofor thesedda. 11 -0.4
(©) Assass low wel the egesian model fits the daa; give your reasms canpletdy ég :8-2
but ®ndsdy. 07 ~07
(d) Test the Wipothess the Bppng process emaresa corstantanourt of materal 0.5 -11
regardiess of the ncomng partdiameer. 0.5 -13
© Find a 9% corfidene interval for the average final diameer i the ncomig %-f :Jl-g
diameer is X indicde lriefly wha this inteva suggestsbout the target vaue 03 17
for incoming dameer -0.3 -21
(f) Descibe biefly condtionsunde which it would not be desrable to @nte the -0.4 -19
diameers of the hcoming parts on he fargetvaue. -04 -21
(g9) Find a 9% predction intenal for the find diamder d a journal for the wo _—(1)'1 :g'é
casess whee the hcomihg part iameer is =1 micron and 4 micons indicde 22 33
briefly the hformation hesetwo intevas wmnvey
(h) Indicae where you would place tre ecificationsfor incoming dameer; justfy your ansvet
From the n=30 dbsenations(x;, Journal Diamete Before and After L apping
y)) given in the satenent o the ey Y (Find)
guesion, we find the éllowing: USL— 3
X =28.8 SX =7182
>y = -20, Sy? = 5176,
SXY, = 20.93 ?
X =0.96, y=-0.4
SSy = 4013, 1 o .
S& =44172, Lt
SS = 38.428 . , (e
hence the estimaes of 3, (the -3 -2 -1 0 1, 2 3 (incoming)
slopd and B, (the intercet) of et
the regessian o ¥ onX are: A e
b, = 0.908 494 068, /
b, = -1538 820 973, /
so he eudion of he A2
straght-line modd is:
ey = —1.5388+ 0.9085
= -0.6+0.9085x - 0.96. *lisL~ -3
(cortinued oreled)
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Example 13.91 (3 The scdterdiagram of the dda for the journal dameers before and ater ppng, with the esimaed eges

(continued)

03-05-20

sin o ¥ onX sypeaimposel on t, is siowvn overkeaf o page B.47 at he bwerright.

(b) The ANOVA tale for thesedda is:

©

d

SOURCE SUM of SQUARES Df MEAN SQUARE F-RATIO
Modd b,SSy = 36.467 866 9B 1| MSM = 36.46786698 | MSM _ MSM Osias
Edimaed esdud SSE = 1968799692| 28 | MSE = 0.003425 | MSE ™
Total S, = 38.426 29 €= 135057%) | = -

Also, the odficiert of deteminaion, the ©rrelation @dficiert and the esinae d o are:
rz=0.948 764 754, r=0.974 045 50, o = yMSE = 0.265 58 389 364

Three maters provide an asessient d how wel the egesion model fits the déa:

o Visud ingection of the sater diagam with the esimated egesion o ¥ onX sypeaimposel on it
shavs al the mints lie reesmably dose 0 the ine— the hrgestesimated esdud is for the journal with
an ncomng dameer d 2.1 microns
- the points gpea to be gatered wihout olbviouspatem on oth sides d the ine;

- thele thes not gopea to be ay g/siemdic chame in he nagnfude d the esmaed esduds with
increasingvauesof x, which is mnsstentwith the assumption of @ngant o

e TheF-ratio (5185) is very high and © provides hijhly statisticaly Sgnificantevidenceagairst the lypo-
thess g, = 0, indicding a meanngful regesim.

® The value of he odficiert of detemingion ows tha nealy 95% d the vaiation of he ys eaout
their aveage tas ben aoourted for by the estaed egesian o ¥ onX.

Thesemdters $how the staight-line modd is a good fi to the dda.

We want to déermine whether tte diffeeence between the fnd and incoming dameters is corstant
i.e, we want to chek if: ¥ —X = congant a: ¥ = congant +X;
hence we want to test theypothess: 5, =1,

c B.—f
so he elevant test sttisticis: =ETCY Otn-»
We have 0=0.265168 389 364, b, =0.908 494 068, Pi-2.0484 <t,5<2.0484] = 0.95,
so hat: s.dB) =& S& =g - 172 £l0.039 897 733;
hence underH: g, =1, the vdue of he test stisticis: % E1-2.293512

so heP-valueis: P |t,g| < —2.293519 = 2x Pt > 2.293514 H2x 0.a14 86 £10.029 53200.03.

We thusfind that the déa povide shtisticaly sgnificantevidence agairst H: 5, =1 aad © condude te
lappirg process abesnotremare a ongant anourt of materal regadless of incoming partdiameer.
NOTE: 1 A95% Cl for g, is: 0.908 494+ 0.08.726 95 => (0.826 B7, 0.990 22)
or ebaut (0.827 0.990 micrans dtermicrons kefore;
in agreement with the resut of the test bsignificane, he vdue B, =1 liesoutside this %% Q.

© We want a 9% corfidene interval (CI) for the meangs, (x; =0.99, repreentirg the average of the eponse

variate ¥ when he stidy popuation, specified by the explandory varate X, is journals with an ncoming
diameer d X = 0.96 nicrons dove aget

We lave  5=0.265158 389 364, [iy(x,=0.99 = -0.6  Pr[-276326< t,3< 276324 = 0.99,

so hat: 5% —%)° +1 = 5[(096-099" | 1 0.048412903;
S5, 44172

hence a 9% CI br p (X =0.99 is: -0.6+ 0133777 438 = (-0.800 444-0.532 889
or ebaut (-0.800,—0.533) microns (bdow targed.

Beaue this Cl oves aly values appedably bdow zero, it indicdes tha the pocess & centedbdow the
target or find journal dameer.

NOTE: 2. fi(x=X) =Y and thedrmof the Q is actudly: Y= ,ti_,xs.dY) =y = atﬁ_zxa/%

(cortinued)
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Figure 13.2 SIMPL E LINEAR REGRESSION: Cas Sudy 2 (continued 1)

Example 13.91: (f)

(continued)
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)

Condtionsunde which i would notbe desrable to @nte the dameers d the ncomng parts on he aget
vaue ae when the pocess ha produces the purnals is rot capabé of meeing the pecifications. It would
then ke beter © cente the pocess ®meavhat abowe the tamget becaus journals abowe the USL acan ke
lapped a ®ondtime to nake them andler @nd wthin spedficationd wheeas journals bdow the LSL can
orly be dscardedas srap, the htteris the greater of thesetwo cstsof poor qudity. The nuch beter
altenaive, of course, 5 © havea process @palle d producing an aceptably high proportion of jourrals
within spedficationsafter one lappirg operation.

We want 9% predction intervals (P19 for the rancbm vaiables Y, =-1) and Y(x;=4), reprentirg the
reponsevariate¥ for anindvidual randomy-sele¢ed purnal when the stidy popuations specified by te
exdandory varate X, are journals with incoming dameers d —1 micron and d 4 microns

We have 0=0.265168 389 364, [(xi=-1)=-2.447 315041, Pr[-276326< t,s< 276324 = 0.99,
: - /(X, X) \/(—1 099 1 N
so hat: + = +1 it 30 +1 0.280665 734;

hence a ®% PI br Y(xj =-1is:  -2.447 35041 + 075 552 398 = (-3.222 867,-1671 763

or ebaut (-3.22, -1.67) microns

[This A, togetrer with the ane fom averkeaf o page B.50 and the @ from €) m the fidng page B.48,
are fiovn o the dagram below]

Journal Diamete Before and After L apping

(Afted) Y (Find)
USL— 34 B
2 T 7
) Pl
1_
L] L]
.
L] L]
L)
L]
L]
(Before)
0 X
-3 -2 -1 0 2 3 4 (Incomig)

Yy = —0.6+0.9085x — 0.9
[=0.970; 2=0.9488

LSL— -3

(cortinued weled)
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Example 13.;31' (9) And: 0=0.265168 389 364, i (x,=4) =2.09555299 Pr[-276326< t,3< 276324 = 0.99,
(continued

(h

: 5/ =X 1.4 =5/6-099" 1 ,,0 :
so hat: g S +5+l=0a i +%+1 0.295582 698;

hence a ¥% PI br Y(x;= 4 is: 2095 B5 299+ 0.816 771 847 = (1278 383 2.911 @7
or ebaut (1.28, 2.9) microns

NOTE: 3. o fadors make the Rs in (g) 0 nuch wide than the Cin (e):
o a Pl is anmtenvd esimate for a radom vaialde repreentirg an individual, wheeas a Cl b
an ntewvd esimae for ameanrepresentirg a sudy popuation average
e in this Exanple, he A is for x=X in the cente of the d#a (vhere Ansvers ae mos
precsg, wheess the two Bs ae for valuesof x; towards or at he ends of the ntewa of
obsewation (vhere Ansvers ae less predse.

The eecifications for incoming dameer $auld be sich tha an gpropriatdy high percentge of he
(individual) jourrals after lappirg are within the pecificationsof 0+ 3 microns deviation from roming;

e at heleft of the aterdiagam overeaf o page B.49 this mears we vant a Pwhaoselower limit is as
close & posible to he LSL o —3 microns
e at theright of the dagram, we want a Pwhaoseuppe limit is as tose as psdble to he USL o 3 microns

For 99% within spedficationsfor jourrals with incoming dameers at he bwerand yper imits, by tial
and eror we find the elevant Rs ale those br X =-076 microns and andX = 4.09 nicrons

lower: 0=0.265168 389 364, [(x;=-070 = —2.229276 465, Pr[-276326 < t,3< 276324 = 0.99,
. AG=X) 14 "\/(—0.76— 099° . 1,40 .
so hat: ajw +L+1 2 4 L1 H0.2B 149 872;
hence a B% PI br Y(x;=-076) is: —-2.229276 465 + 0768 600 44 => (-2.997 877,-1.460 676
or ebaut (-3.00, —1.46) microns
upper: 0=0.265168 389 364, [ (x;=409 =216 A9 B5 Pr[-276326 < t,,< 276324 = 0.99,
: AI06—%)° 14 = 5[609-099° 1 .. O .
so hat: aj 5 + 5+l L +%+1 0.297074 190;

hence a 9% PI br Y(x; =409 is: 217 A9 B5 + 0.820 893 226=> (1.356 027 2.997 43
or abaut (136, 300 microns

NOTE: 4. If we require a probability levé highe than % within spedficationsfor jourrals at he bwer
and yoper imits, we could use 9% a 99.99% for which:
Pr[-3.67391< t,; < 367391 = 0.999 Pr[-4.5247 < t,g< 4.5947 = 0.9999.
The rests of trial and eror calcuationsfor the relevant ©.9% axd P.99% Pls a& as kown in
the following talde, which dso contains he estts for the 9% Pls gven above:

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 34 4.30 (-3.00,-0.99 2.03 (0.8, 300 215
99.99% -0.24 3.% 381 (-3.00,-0.5) 2.48 (0.39300 2.4

We rotethree méers from the nformation in he abe:

e evan the lowest probability leve (99%) is highe than he oweral proporton (ca. 96799 of
jourrals in he samle within spedfications; [Why?|

e as he pobability leve increases, we require a narrower rangeof incoming journal dameers;

e as he pobaility leve incresses, the s becomewide, reminding s tha, for the fixedinfor-
maion mntentof a gven st d datg an hcreasedprobabilty (or confidene) keve is obtained
only at the ostof awide intenal.

NOTE: 5. O paricular inteest n this as fudy ae:

e the intepretaion of he slgpe of the egesim line and the test fosignificane [in (d) an the
seondsice (page B.48 of the Fgurg;

e the wse d predction intervals in (h) in manaying the Bppng process b make it meet pecifications.
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