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Assignment 3 Out line Solut ion

A3 –1. We can tab ula te the number and percent age of each type of defect in the relev a n ttime per iods as fol low s :

Defe c t Ja n. 5, am Jan. 5, pm Jan. 5  Jan. 6
Ty pe No. % No. %  No. % No. %

A 14 19 1 1 15 10 5 5
B 10 14 1 1 11 7 10 10
C 27 38 3 4 30 20 19 20
D 8 11 13 17 21 14 4 4
E 13 18 59 77 72 48 55 57
F 0 -- 0 -- 0 -- 4 4

72 100 77 100 149 99 97 100

A unfil l on outer sur face
B unfil l on inne rsurface
C vis u al defect on outer sur face
D col our out of speci fi cation
E sur face scr atch
F other

(a) Paret odiag rams (with defect number s give nat the tops of the bars) are then:
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Ja n. 5, pm
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Ja n. 6
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(b) Comparing the thi rd and fou rth Paret odiag rams, we see that the percent age sof each type of defect are rou ghly
co mparable ove r the two days – E is most co mmon and repre sents a somewhat higher percent age of all defe cts
on Janu ary 6 than on Janu ary 5; F is le ast co mmon and occurs on ly on Janu ary 6. Defects A and D are als o
perhaps somewhat higher on Janu ary 5.

(c ) Comp aring the first and secon ddiag rams, we see that the re is a marke ddifferenc ein the dist rib u tio n of defects
after the reg ular operato r wa sreplaced at aroun d noon on Janu ary 5 – the pre dominant defe ct became E(the
surface scr atch) and three defects impor tant in the mor ning (viz. A, B and C) becamemuch le ss so. Defect E
persis ted on Janu ary 6 when the reg ular operato r retur ned, and so doesnot se em to be an operato r ef fect; the
production set-up shoul d be exa m ine dto try to see if something has change dre c ently to start mak ing the sur face
scratches noticably more frequ ent. The re is some evi denc eof an operato r ef fect in defects A, B and C, whi c h
became appre ciably more com mon aga inon Janu ary 6 when the reg ular operato r retur ned, compare dwith thei r
markeddecrea s ewith the replacement operato r.

A3 – 2. Each group or indivi d ual wil l have their own way of approaching this que s tion, alt hou gh the re shoul d be sig n ific a n t
elem e n t sin com mon among the finish ed diagr ams; compare you r diag ram wit h that of another group or indivi d ual,
and discus sthe sim ilarities and differenc esin the con tex tof how each diagr amwa sar riv ed at.

A3 – 3. (a) The best tim e (fr om a sampling perspective) to che ck the braces is as they are bei ng unpack ed. It wou ld be
in conve n ient in a manufactur ing env ironm e n tto number the braces 1 to −N (e i the rphys ically or con cep tually) and
then take for inspectio n thos ebraces cor responding to 200 random numbers in the int e rval 1 to−N. Ins tea d, one
coul d in spect eve ry kth brace as they are unpacke d, wit h 200k = −N. A possib le disadvant age of this system atic
se lec ting procedure is the requi rement to unpackall the braces, whi c h is inconv enient if it tur nsou t that they
have to be retur ned to the sup pli er.
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Assignment 3 Out line Solut ion (continue d1)

A3 – 3. (b)
(c o nt.)

The numbers and percent age sof obs ervation sin 15 int e rvals are:
[92, 93) [93, 94) [94, 95) [95, 96) [96, 97)

No. 4  10 9  4 8
% 2  5 4½ 2 4

[97, 98) [98, 99) [99,100) [100, 101) [10 1,102)

14 25 21 25 25
7 12½ 10½ 12½ 12½

[102,103) [103, 104) [10 4,105) [105, 106) [106, 107)

15 12 9 9 10
7½ 6 4½ 4½ 5

(c ) The his t ogr am(s how n at the rig ht) rais es
se rious que s tion sabou t the manufactur ing
proces sfo r the braces. The re appears to
be too much variation – it is pos sib le that
we are looking at more than one process
st ream .In addit ion, the cut-off on the rig ht-
hand sid e is rat her abr upt; amo reno rma l
dist rib u tio n of sizes woul d be expected .
This may indicate that ext rem enon-con-
fo rming produ ct at the hig h end has been
in spected out, whi c h woul d us u ally be a
sign of a poorly manage dma n ufactur ing
proces s.
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A3 – 4. To cov er 99.7% of the produ ction, we need the ave r age± 3 standard dev ation s;
this inter val is: 0.239 ± 3× 0.003 =(0. 230, 0.248) cm.
A key assumption he re is that the roto rsh a ft dia m eters can be model led by a normal dist rib u tio n.

A3 – 5. (a) Let the random variable S repre sent the amou nt of swel l (in percent) of a plasti c rod selected equ iprobably from
the rods made by the ext ruder;
we use the model: S ∼ N(13.9, 0.55),
where the value sfo r the mean and standard dev iation of the nor mal model are those of the ave r age and standard
devi a t io nof the swel l obs erved for the rods produ c e dby the process.

Then: pro por tio n ou tof specific ation =1− Pr[12.0 ≤ N(13.9, 0.55) ≤ 15.0]

= 1− Pr[−3.45
. .

≤ N(0, 1) ≤ 2]

= 0.023 025 743;
thus, for 10,000 rods, we expect about 230.3 or aroun d230 to be out of speci fi cation.

(b) Ass umi ng that the standard dev iation of the swel l of the rods
fr om the ext rusio n proces srema ins unchange dby the adj ust-
ment of the process ave r age, and also that the nor mal model
is stil l ap plicable, we hav e:

propor tio n ou tof specific ation
= 1− Pr[12.0 ≤ N(13.5, 0.55) ≤ 15.0]

= 1− Pr[−2.72
. .

≤ N(0, 1) ≤ 2.72
. .

]

= 2× 0.003 193 = 0.006 386−−∼ 0.64%.
We see that ce ntering the process in the tole r anc ein ter val has reduced the pro por tio n of rods whi c hdo not meet
specific ation sby nearly a facto r of 4 (fr om about 2.3% to about 0.64%) . In the diag ram above at the rig ht, thes e
propor tio ns are repre sent e dby the tail are as bel ow12 and above 15 unde rthe appro priat eno rma lcurve.

(c ) Fo r the adj ust e dproces s: Pr[N(13.5, 0.55) ≥ 15.4] = Pr[N(0, 1) ≥ 3.45
. .

] = 0.000 275 611 ;

i.e., this calcula t ion shows that if the process ave r age isre all y 13.5%, then unde rthe nor mal model the re is a pro -
bability of only about 1 in 3,600 of obs erving, by chanc e, a swel l re ading of 15.4% or hig her; this probability
is so low that a more likely exp lanation than mere chanc eis that the process ave r age isnot 13.5%, but is actu-
ally gr eater than this value.
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