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Assignment 4 Outline Solution

From the d#a gven in the satenent d the qies
tion, to prepae for the cngrudion of he equired
histgrans we abuate the elatve frequendes and
bar teights & shown & the iight.

The hstagyrans €havn below the talle) for these
daa both cover the same inteval of values(L 25 to
6.25 tonnes of <rgp per day) and both are rouchly
‘mound-shgped’; however the histggramfor Line 1
is skeved D the right wheeasthe me br Line 2
is skeved b theleft.

In the Bde aove a the ght, we take the sIm of
the produds d each inteval mid-pant times he
coreponding frequency dl divided ty n, the sim
of the fequendesfor the relevantLine; tis gves:
Linet 732.5204 4 3.59 LJ36 tonnes per cay;

Line 2 8450/199 H4.25 tonnes per cay

From (), about 732 bnnes in a \ea for Line 1;
about845 tonnes in a yea for Line 2.

i.., Line 2 poduce nore rgp by ébout 113 bnnes.

Reasnirg as in f), we find averagesof:
Line 1, RartA: about 415.9135 L1308 bnnes per day;
Pat B: abaut 3170/69 K 4.5 tonnes per day;

Line 2, RartA: abaut 162.Q9/55 H2.95 bnnes per day;
Pat B: about 683.0'144 L1474 pnnes per chy

From theseour scrgp tonngge iates, we e that he
two lines have quite similar rates for the wo pars
A and B conddered sepaately (Line 2 is a itle
beterthan Linel for A a fttle worse br B); thus,
the wnfavoudble view of Line 2 from () essentially
disappears unde this draified anaysis of the srg
rates. Amorepredseconpaism requiresacditional

information — he numtler of each part prodiced ly each lineg the catuation alove of the bur appoximate
avaagesassmedthat thesenumbers ae proportonal to the arourt of scrgp, a easnalte assumption in he

circumgancesbut probably not entrely corred.

The hstgramis shovn & the ight; the ntewal
width of 0.05 cm & nore gpropriatein this studion
than the dterreasmable dhaice of 0.06 cm.

From the PO damders  aveage=2.0505 cm
ordeed fom gnalestto medan=2.05 cm
largest we find: mode =2.00 cm.

We dsofind: range= 2.22-183 =039 cm
sd. 0.0764 cm
IQR 211-199 =2cm.
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Linel Line 2
Class fFequency Bar Frequency Bar

Interval No. % Height | No. % Height
[1L25, 179 2 10 196 3 15 302
[175 2.25) 12 59 i3 8 40 804
[2.25279 28 B7 2745 P 60 1206
[275 325) 44 26 4314 ¥ 80 6.08
[3.25, 379 39 b1 B4 7 85 709
[375 4.25) 27 B2 264 29 146 2915
[4.25, 475 20 98 061 P 176 3518
[475 5.25) 19 93 B63 50 251 5.5
[5.25, 575) 8 39 784 | A4 106 21
[575 6.25) 5 25 490 8 40 804
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(d) The xdotsare rovn and dsausse overkaf ; page012b.
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Line 1

a4

T
1% 225 3% 4% 5% 65
Tonnesof scrap per day

Line 2
50

1% 225 3% 4% 5% 65
Tonnesof scrap per day

O-ring Internal Diametes
28

180 190 200 20 220 2.30
Diamete (cm)

USL
1

() The sanpling shauld be dneby caity with eqlal sanple szes fer Gaviy.

(f) The da&a recordng sheds $auld ke the daa by cavity and abo refin the dosevationsin the order in which
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the O-rings ae produced this would assst with identfying and redudng souice(§ of variation

(continued avaled)
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Ad—-2 (d) O-ring Internal Diamete's

(cort)

Thesebaxplats $1owv seved indica-
290d — o+ — — |- _ L UsL tionsof poor process ferormance

- cavities 12, 4 and 5 reed 6 be

D adusked b get them on et
ré] 210 - caiities 3 and 6 ra reanally
e well on tamget but dow too
t 1-——1-——=— - - - == = — I Target .
& mud variation
: 2:007 The @m would be b have eath
n . cavity on targetand with a varation
c like tha of caviy 4 a, preferaly,
M- ==—=—4-—-7- - - - - - - === FLa cavity 5.
180 1 2 3 4 5 6
Cavity
A4—3 From the d&a gven in the qieston, Power Supply Voltages We e fom the fhistgramthat he
we abuate the elatie fequendes oy distibuton of output \oltage is

Ad—4,

somevhat unform with raher
abupt edges; a nore normal
distibuton might be epeded. If
voltage is a dtical chaacteistic in
the gperation of he pwersippies,
this hepe br the dstribuion may

and lar heights & gven below;, we
then ongrua the equired histo-
gramshavn & the iight.

Class Fequency Bar
Interval No. % Height

~—0< —“MT ~+3S0O—~MmT
IN
1

[ 90 94) 5 15 3750 2 indicae tha thee is a poblem with
[94 989 | 1 ZI% 6875 the mandacturing pocess & the
[ 98 102) n 2% 6875 11 awerstpplies
[102, 06) 9 2% 5625 o- p Lpplies.
[106, m0) | 3 7% 1875 90 94 98102 106 110

40 100 Output voltage

A process &in contol (or it is astabé poces$ when its ptten of vaiation assessedby meauement & suitable
processchaacteistic(9, is the sameover ime
® We @n a&sas pocess $ability by examiing histayrams of the meauements dthe pocess aitput for succes-
sive ime peaiods; ead period auld be bng enaughto provide aufficientdata © gve a reliable histagram.
- Fora gable process the $igpe centie, and Ppreadof the hstayrans do rot chaige apredably from ane tme
peiod © the rext
- A stable process {.e, a pocess h contd) is predctabk in tha the ggregatechaacteistic(y of its aitput
remai the sameove time

® NO: aprocessthat is singorly a relatvely smdl fraction of its tderancecauld be ait o contral but ill produdng
100% mnforming produd — recll the Japanese @©ntol Chart video desceibed in Fgure 1. 25 of the Gurse
Materials. Rurther a process ha isin contol but well off targetmight be produdng no conforming produd.

A4 -5 When a ontd chat is to be sedfor proeessadusment the @nte ine and ontad limits ae basedon spedfica-

Ad -6

‘tions(or standads).
Hene: @nte ineis 25°C; {UCL = 25.50°C::

control limits ae * 3‘% =3%0.40_ gx370c o LCL =2446°C.

V5

When a ontd chat is to be sedfor process mpoveneni obsevations which ae dealy atypical shailld be
remo/ed before the dataare wsedto catude ontd limits. For the dosevations given [which are awerages of 3
(hopefdly independeny breakng drergth meastementy the 13th value {iz. 7.59 p.s.i) is suffidently different pn
the low sice) from the ohels to be emaed

Hene, lasedon the oherl4 aeraes: y = % = 16%187 =12134 ps.i,

alsg basedon the histaical sandad deviation of1.2p.si. and the sample sze of 3

(continued)
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Assignmert 4 Outline Solution ortinued 2)
A4-6. @) control limits ae 3% = 3?—}2 =208pd. UCL=14.2 ps.i;
(cort) v 3 LCL = 1006 ps.i.

We e fom the ontrd chart below that batd #13 wasout of contral, and © we are correctin excludng it from
the clcuation ofy and the ontrd limits.

NOTE: The sandad deviation of he ¥ averges(excludng #13 is 07067 whichestmates ofv3; thus,the ¥ averajes
give an esimae d o of v3 x 07067 =1.224 p.s.i. in good @reament with the Hstaical valie ofl2p.si.

Control Chart for Average Beaking Srength of Ceramic Insulators (n=3
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(b Theonepant outsignal dentfies bach #13 & indicaing tha the pocess
is aut o control, as rotedabovein @); theee is no signal br arun of rine
The adion recanmendedis to work with the process & the tme of batdh #13 b try to idenify one @ more
speial cau®s The lorgerthe imethat is dowedto dapse sce the ait-of-control dgnalocaurred, the harder it

usuay is to identfy its caisds.

(© We assune ha insuator breaking grergthin this stuaion, repreeentedoy the random v@ale B, can ke nocelled
by a rormal distibuion; we esimate tre parameers of this nodel by the elevantproesschaacteistics:

i.e, esimate y by y = 12134 psi. and o by the listarical sd. of 12 ps.i.,® that: B EIN(12134, 12).
Then  Pr(B<10 = Pr[N(0,3 <20=128% = pr[N(, ) <-17784
=1-0.962 296 = M37 D4 L38%;

i.e, a lite underd% d the nsuators do rot meet the brealing drergth spedfication
(continued avaled)
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Assignmert 4 Outline Solution ortinued 3)

A4 -7 (@ Wecalcdate the bllowing rumeical simmaresof the tiree ditasds
DsAtIrA A Y2 v Sy 3y LCL uCL
A 231651 2683456 | 13826 01H 3G9 Q406 D7 | U177 11989
B 230328 2,65Z7206 | 1.564 0094943 0.284830| 11232 1801
C 232.072 2,693874 | 116036 Q64905 0494715 | 11® 12.098.

We e(in thefifth cdumn of the lde) tha the sandad deviationsof the hree (lda stsof) averayesdo hae
the valuesgivenin the shtement d the qiestn

NOTE: Beau® the b valuesin eacth datase are dl averagesof n=4 dosevations ther standad ceviation
(Sy) esimates directy o/vn; hencethe @ntrd limits in the tide éove ae @lcdated &y 3s;.

(b The tiree ontrd charts for areraggesare srovn an the fadng page0l12e.

(© Looking & the chats, we e tle following:
® noindvidual paint is aut o contrd in any o the hree ditasds (but see th Notebdow));
@ in A, garting with the 11th dosevation thee is a un of10 points abowve the eente ling indicding lossof contral
by the19th dbsevation the nnth conseutve pant abovethe ente line
® in C, the chat darts with a run of 11 points bdow the eente ling indicding lossof contrdl by the9th dosevation;

= itis likely tha thenex (i.e, the 21sf) obsevation in C will be the seenthpant in a run arrenty comprising
six conseufve pantsabowe the ente ling suggestiy that the pocess nay agin be ging aut o contral but
in the oppgsite diredion from the hitial situation.
In summary. B is in contd,

A shavs a sidden pwad shift (at dosevation 11 or 12);
C shawvs a gadud drift upwads

NOTE: Beaue reither A nor C appeas b be in ontrd, they are not sttable datasds from whichto catu-
late the @nte ineand onta limits or a ontd chart.
The problens with thesetwo dda ®tsar gpaentfrom chargesin thar avergjesandor dandad

deviatiors when the bsevationsare mnsdered sepaately for each haf (i.e, the first 10 vs the lagt 10
obsevationg of each datasd, as follows:

DATA _FIRST HALF SECOND HALF BOTH HALVES
SET y S y S y S
A 114811 Q09 220 16840 0086 B3 1.8 01%
C 114910 Q069 64 nrie 01% 152 160 Q165 .

Thus, br A, eacth half of the daéa st is lessvarialle than the gerdl data t; the Hgher overd stan-
dad deviation is a onequene of the ncreasén averge br the sondhaf of the d#a. For C, the
seondhaf of the dda %t has a lgher averaye and greder \aiation han the first hél
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Cortrol Chart for Average Hardness of Tablets (n=4
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Data Set A
Control Chart for Average Hardness of Tablets (n=4
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Data Set B
Control Chart for Average Hardness of Tablets (h=4
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