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Assignment 4

A4 –1. Tw o li nes in a facto ry produ c etwo different par ts A andB. For each lin e, a
daily record was kep tof the number of tonnes of scr ap and the type of par t
involved . At the end of the financia l ye ar, management pre sent e dthe 2 lin e
supervis ors wit h the dat ain the table at the rig ht.
(a) Con str uct a his t ogr amfo r each lin e fr om the data in the Table; com -

ment brief ly on relev a n tsi milarit ies and differenc es.
(b) Calcula te the approxi mat eaver age tonnes of scr ap per day for each lin e.
(c ) Find approxi mat ely how many more tonnes of scr ap were produ c e din a

year on Lin e2 than on Lin e1.

The super vis or of Lin e2 took issue wit h a criti cism base don the differenc e
fo und in (c) becau se she knew that her lin eproduced a hig her pro por tio n
of par tB than did Lin e1 and, his t orically, par tB ha dalways had
the hig her scrap rat e. After searching throu gh the year’s pro -
du ction records, she produ c e dthe lo wer table giv en at the rig ht.
(d) On the basis of the data in the lowe r table at the rig ht, find

the approxi mat e aver age tonnes of scr ap per day for each
part made on each lin e.

(e ) Prep are a concis eca s efo r pres entation to management that
coul d be use dby the super vis or of Lin e 2; inclu de his t o-
gr ams if appro priat e.

Class Frequ ency
Interval Line 1  Line 2

[1. 25, 1.7 5) 2 3
[1.75, 2.25) 12 8
[2. 25, 2.7 5) 28 12
[2.75, 3.25) 44 16
[3. 25, 3.7 5) 39 17

[3.75, 4.25) 27 29
[4. 25, 4.7 5) 20 35
[4.75, 5.25) 19 50
[5. 25, 5.75) 8 21
[5.75, 6.25) 5 8

Fr equ ency
Class Line 1  Line 2

Interval Part A Part B Part A Part B

[1. 25, 1.7 5) 2 3
[1.75, 2.25) 12 8
[2. 25, 2.7 5) 28 12
[2.75, 3.25) 40 4 15 1
[3. 25, 3.7 5) 32 7 8 9

[3.75, 4.25) 16 11 4 25
[4. 25, 4.7 5) 5 15 5 30
[4.75, 5.25) 19 50
[5. 25, 5.75) 8 21
[5.75, 6.25) 5 8
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135 69 55 144A4 – 2. A manufacture rof O-rings was hav ing diffi -
culty maint aining the int e rnal diameter (ID)
of their vit on O-rings to their customer’s speci-
fic ation of 2.05± 0.15 cm. To inv estig a te the
proble m, a sample of 12 O-rings was sele c-
ted equ iprobably from each hou r’s produ c-
tion. The complet e ddata recording she et is
sh own at the rig ht.
(a) Con str uct an appro priat e his t ogr am of

the dat aon the she et.
(b) Fin d the ave r age, media n and modal ID.
(c ) Find the range, standard dev iation and

IQ R fo r the ID.

Af ter looking at the data, R.J. of the Quali ty
As s uranc eDepartment aske dM.Y. if thecavity
ha d been recorded for each O-ring; it had
not but, for tun ately, the samples were stil l on
M.Y.’s desk in a bag for each cav ity, so R.J.
aske dM.Y. to mea s ure them aga inand repor t
the res ult s by cavity number; the rev ise d
data are show n in the lo wer table at the rig ht.
(d) Display the data by cav ity usi ngboxp l ots

(e.g., as in the Tex t 3rd edit ion, pag e47);
co mment briefly on the relev a n t fe ature s
of you rdisplay.

(e ) Describe brief ly how the sampling cou ld
be improve din future.

(f) What infor mation has been los tby the failu r e
to set up a pro per dat are co r ding she et? Indi-
at ebr iefly how ser iou sthis omissio n is.

Part No. 3756 -25 Cu stom er: Hu s tinCorp.
It e m: Vi ton O-ring Specification: ID 2.05± 0.15 cm
Date: Ja n.12, 1989 Co lle c ted by: R. J.
Shif t: 1st Me asure d by: M.Y.

2.03 2.07 2.06 1.95 2.18 2.1 2 2.09 2.10 1.99 2.00 1.89 2.00
2.14 2.1 0 2.03 2.11 2.1 0 1.95 2.11 1.96 2.07 2.16 1.99 2.03
2.08 2.04 1.98 2.00 2.06 2.09 2.10 2.1 7 1.99 2.13 2.00 1.96
2.18 2.1 3 2.13 2.00 2.08 1.99 1.99 2.04 2.1 5 2.05 2.052.05
2.10 2.1 7 2.00 2.04 1.93 1.96 1.95 2.13 1.83 2.08 1.98 2.15

2.14 2.1 4 2.12 2.00 2.18 2.1 5 1.91 1.98 2.05 1.99 2.12 2.1 4
1.93 2.03 2.12 1.94 1.97 2.11 2.00 1.98 2.06 2.00 1.96 2.12
2.0 4 1.96 2.04 2.1 9 2.12 2.1 3 2.12 2.02 2.00 2. 22 2.10 2.01
2.08 1.99 2.01 2.1 0 1.88 1.98 2.13 2.08 2.08 2.10 2.08 2.07
1.97 1.95 2.20 2.04 1.99 2.07 2.03 2.05 1.95 2.08 2.00 2.05

Part No. 3756 -25 Cu stom er: Hu s tinCorp.
It e m: Vi ton O-ring Specification: ID 2.05± 0.15 cm
Date: Ja n.12, 1989 Co lle c ted by: R. J.
Shif t: 1st Me asure d by: M.Y.

Cavity 1 Cavity 2 Cavity 3 Cavity 4 Cavity 5 Cavity 6
2.12 2.1 0 1.96 1.99 2.03 2.12 2.1 7 2.11 2.00 2.00 2.10 1.99
2.08 2.13 1.98 1.95 2.15 2.00 2.13 2.09 2.00 1.96 2.15 1.98
2.12 2.20 1.91 1.99 2.002.00 2.17 2.1 2 1.98 1.99 2.07 2.05
2.08 2.12 2.00 1.95 2.082.08 2.14 2.1 8 1.98 2.04 2.03 2.07
2.13 2.08 2.00 2.00 2.16 2.05 2.10 2.06 1.98 2.12 2.1 0 2.14

2.14 2.1 0 1.93 1.95 1.94 1.83 2.06 2.08 2.00 2.01 1.99 2.03
2.09 2.13 1.97 1.97 2.072.05 2.04 2.1 0 2.05 1.99 1.99 2.18
2.00 2.13 1.88 2.01 2.1 5 2.03 2.06 2.10 1.95 1.99 2.08 1.93
2.12 2.1 8 1.96 1.96 1.95 2.14 2.08 2.11 2.02 2.05 1.96
2.05 2.032.0 4 2.11 2.1 0 2.13 2.22 1.89

2.0 4 2.0 4 2.19 2.07
2.0 4
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A4 – 3. The dat abelow are the output vol tag es of 40 powe r suppli es repre senting a sample, selected equ iprobably from a
large produ ction run of thes eit ems. Con str uct an appro priat ehistogra m of thes edata and com mentbr iefly on its
im por tant feature s.

11 0 100 102 106 96 105 100 95 95 95 100 98 92103 106 97 99 102 98 94
10 4 100 108 96 105 106 108 95 102 104 96 100 91 98 106 91 100 94 102 92.

A4 – 4. A manage rwith no fo rmal backg rou nd in statis ti cs ask syou: What does it mea n to say that a pro ces s is in con trol?
Is bei ng in con trol a guara ntee that the qua lity of the pro duct is goo d? Answe rthes equ estio ns in langu age the mana -
ge rcan unde rst and.

A4 – 5. A maker of automobile air con d ition ers che cks a sample of 5 the rmos tati c cont rol s sele cted eve ry 12 min utes ove r
each hour’s produ ction. The standard for the process ave r age is 25oC, so the the rmos tat sare set at 25oC and then
placed in achamber whe re the tem perature is raise dgr a dually; the tem perature at whi c heach the rmos tat tur nson its
air con d ition er is recorded . Past exper ienc ein d i c ates that the respons etemperature of pro perly adj ust e dther mos tat s
varies wit h a standard dev iation of 0.40oC. The ave r age respons etemperature, y−, for each hou r’s sample is plo tted on
a con trol chart for ave r age swhich is to be use dto help decid e if the manufactur ing process of the the rmos tat sne e ds
adju stment. Calcula te the cent re lin eand con trol lim its for such a chart.

A4 – 6. Ceramic ins ula tors are baked in bat ches in a large ove n. After bak ing, 3 ins ula tors are selected equ iprobabky from
each bat ch and test e dfo r break ing strengt h. The ave r age bre a king strengt h fo r thes esamples is then plo tted on a con -
trol chart. The speci fi cation scall for an ave r age bre a king strengt h of at lea st10 pou nds per squ are inch (p.s.i.). Past
ex per ienc ein d i c ates that, if the ceramic is pro perly for med and baked, the standard dev iation in the bre a king strengt h
is abou t1. 2p.s.i. The sample ave r age sfo r the last 15 bat ches are as fol low s :

Bat ch 1 2 3 4 5  6 7 8  9 10 11 12 13 14 15
Av erage 12.94 11.45 11.78 13.11 12.69 11.77 11.66 12.60 11. 23 12.02 10.93 12. 38 7. 59 13.17 12.1 4.

(a) Fin d the cent re lin e and con trol lim its for a con trol chart for ave r age swhich is to be use dfo r the purpose of
process imp rovement. Make a con trol chart wit h thes eli nes drawn on it and plo t the ave r age son the chart.

(b) In this situation, a process ave r age bre a king strengt hgr eater than 10 p.s.i. is accep table, so poi nts out of con trol in
the hig h direction do not call for rem edial actio n. Wit h this in min d, use bot h the "on epoin t ou t" and "run of nin e"
signals to assess the stability of the process. What action woul d you recom mendon the basis of you rfin d ings?

(c ) Approxi mat ely what pro por tio n of insula tors from the process do not me et the speci fi cation for ave r age bre a king
st rengt h. Show you r re asoning cle arly.

NO TE: Fo ryour conv enienc e, the re is a grid in Section 0 of the Cou rse Mat e ria ls fo r the con trol chart in (a) .

A4 –7. A pharmaceuti c a l ma n ufacture rfo rms table ts by compres sing a granular mat e-
rial that con tains the activ e ingredie n t and variou sfil lers. The hardness of a
sample from each lot of table ts is mea s ure din order to monitor the compres sio n
proces s. The table at the rig ht giv es three set sof dat a, each repre senting y− fo r 20
su ccessiv e samples of 4 table ts. One set rem ain s in con trol at the targe t value
of 11. 5 (in suitable units) for the hardn ess; in a secon dset, the process ave r age
shif ts suddenly to a new value; in a thi rd set, the process ave r age drifts gradually.
(a) Show that the aver ages in dat asets A, B andC have respectiv e st andard

devi a t io ns (or ‘st andard erro rs’ ) of abou t0.135, 0.095 and 0.1 65.
(b) Draw a sep arate con trol chart for ave r age sfo r each of the three dat asets.

Ci r cleany poi nts that are bey ond the con trol lim its. Als o, che ck for run sof
9 poi nts above or bel owthe cent re lin eand mark the nint hpoin t of any run
as bei ngou tof con trol.

(c ) Ba s ed on you rwo rk in (b) and the appearanc eof the con trol charts, whi c h
set of dat aco m e sfr om a process that is in con trol? In whi c hca s edoes the
proces sav erage shift suddenly and at about which obs ervation does this
change occur? Fin a l ly, in whi c hca s edoes the ave r age gradually shift?

NO TE: Fo ryour conv enienc e, the re is a pag eof grids in Section 0 of the Cou rse
Ma ter ials for the three con trol charts in (b) .

Samp le DAT A SET
No. A  B C

1 11.602 11.627 11.495
2 11. 547 11.61 3 11 .475
3 11. 312 11.493 11.465
4 11.449 11.602 11.497
5 11.401 11. 360 11. 573

6 11.608 11. 374 11. 563
7 11.471 11. 592 11. 321
8 11.453 11.458 11. 533
9 11.446 11. 552 11.486

10 11. 522 11.463 11. 502

11 11.664 11. 383 11. 534
12 11.823 11.71 5 11 .624
13 11.629 11.485 11.629
14 11.602 11. 509 11. 575
15 11.756 11.429 11.730

16 11.707 11.477 11.680
17 11.61 2 11 .570 11.729
18 11.628 11.623 11.70 4
19 11.603 11.472 12.052
20 11.816 11. 531 11.905
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