Notes:

National Exams December 2009

98-Ind-AS, Quality Planning, Control and Assurance

If doubt exists as to the interpretation of any question, the candidate is urged to

submit with the answer paper, a clear statement of any assumption made.

This is a Closed Book examination.

Candidates may use one of two calculators, the Casio or Sharp approved models.

Candidates are permitted to bring into the examination room one aid sheet
8%2"x11" written on both sides.

Any five questlons constitute a complete paper Only the first five questions as

they appear in your answer book will be marked.

All questions are of equal value.

Relevant statistical tables are attached.
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Question 1 (20 marks)

7

D

Discuss the trDiitiRQDD D@l 7Tpuchi’s deliQtiRQ Rl TuDGty, 7Dguchi’s
methods for quality improvement and cRP SDre the 7guchi’s @ss TuQtiRQ
with the traditionial loss function. Explain the relation between quality and
profit and quality and competitiveness of a company.

e ow does benchmarking contribute to the goal of continuous quality
improvement? t hat is the role of the Malcolm Baldrige National Quality -
Award? eow is it different from quality certification? t hat is
ISO/TS16949?

Describe briefly the four quality cost categories. In a successful quality
improvement effort, which quality costs should decrease? Compare the
traditional TQC and modern TQM. Explain DMAIC methodology.

Question 2 (20 marks)

8

2)

b)

Describe the two types of variation in production processes. t hen is a
process in statistical control? t hat is the difference between control limits,
spemﬁcatlon limits, and the natural tolerance limits?

t hat is a run length, average run length and the average time to signal?

Explain the effect of the sample size on the average run length.

X and S control charts are maintained on the tensile strength of a metal

fastener. After analyzing 30 samples of size n =4, we obtained
30

> x,=14,050 and is‘. =510

i=1 i=1

cind the control limits for both charts and estimate the process parameters.

Consider the problem in b) and assume that the specifications on the tensile
strength are 470 +50. Estimate the process fraction nonconforming. cor the

X chart in b), find the minimum value of & > 0 for which the probability of
detecting the shift in the process mean from p, to p,+ko on the next
sample following the shift is greater than or equal to 0.6 (i, and ¢ are the
in-control process parameter estimates obtained in b) ).

Question 3 (20 marks)

6

2)

b)

Explain how the traditional control chDts cIIQ Ee used tR cRQrRO“treQl”
SrRcesses such Iy “tRROweld” SrReesses. Explain the difference between the
engineering process control and SPC. Et MA chart is frequently used in
industry for both EPC and SPC. Explain the rational for using Et MA for
both types of control.

Samples of n = 4 units are taken from a process every hour. The X and R
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values for a particular quality characteristic are determined. After 30
samples have been collected, we calculate X =20and R=4.56. cind the 3

sigma control limits for both X and R charts. Estimate the process mean
and standard deviation. If the process mean shifts to 25, what is the
probability of not detecting this shift on the two subsequent samples
following the shift? '

Consider the data in 3b). To control future production, find the minimum

sample size n for the X chart, such that when the process mean shifts from
the in-control value to 23, the average run length is less than or equal to 4.

Question 4 (20 marks)

5

10

a)

b

Draw a typical product life cycle curve and explain the three phases in the
evolution of a product failure rate.

Describe the probability distributions used to model the three phases.

Provide the definitions of the reliability function, density function, failure
rate and the mean time to failure and show the formulas for the exponential
distribution. Explain the meaning of the memoryless property of the
exponential. =~

The specimens of a new electric insulation are life tested. The failure times
in hours are as follows: - :

303, 467, 961, 1153, 175, 521, 617, 713, 665, 685.

Plot the data on the attached t eibull paper and estimate the shape parameter,
the characteristic life and the mean time to failure.

Question 5 (20 marks)

5

2)

Explain why two control charts are used for variable data and only one chart
for attribute data. t hat is the difference between p chart and np chart,
c chart and u chart?

Explain why in a real situation, an inspection unit is frequently defined as
several physical units, for example 1 inspection unit may consist of 4 parts.

Assume that for a p -chart, the lower control limit is zero and the proportion

of defectives in a sample is zero. t hen would you stop the process and
search for an assignable cause and when you would not? Explain.

The number of workmanship nonconformities observed in the final
inspection of disk-drive assemblies has been tabulated as shown below. Set-
up the appropriate control chart with 3 sigma limits. Revise, if necessary.
Estimate the in-control mean number of nonconformities per assembly.
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Day 1 2 3 4 5 6 7 8 9 10

No. of assemblies

inspected
Total No. of 8 | 21 [ 10 |30 | 18 | 10 | 20 | 24 | 15 | 26
nonconformities

Question 6 (20 marks)

5 a) Explain the role of randomization in experimental design. t hat is the
difference between the fixed and random effects model in terms of objectives
and model assumptions? Discuss the advantages and disadvantages of
design fractionation. t hat is the design resolution?

15 b) To find a lower-pollution synthetic fuel, researchers are experimenting with

three different factors, each controlled at two levels, for the processing of
such a fuel. The measured levels of the undesirable emission of the fuel are
shown in the table below for two replications of each treatment.

Treatment Degree ot: r nde‘sirable Emission
1 evel in ppm

(D 30 26
. a 18 24

b 30 25

c 28 22
ab 43 41
ac 54 46
be ' 58 50
abc 24 22

cind the estimates of the main effects, interaction effects and the variance of
the measurement error.

Identify significant effects. cormulate and test the appropriate hypotheses at
5% significance level. cind the estimates of the standard errors of significant
regression coefficients.” t hat combination of factor levels results in the
lowest mean undesirable emission level?
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A6

"APPENDIX

Appendix Il Cumulative Standard Normal Distribution”

v 1
D)= | —— gy,
( o

T

0.02
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z 0.00 0.01 0.03

00 050000 050399 050798 - 0.51197
01 053983 054379 054776 0.55172
02 057926 058317 058706 - 0.50095
03061791 062172 062551 062030
04 065542 065910 062276 0.66640
05 069146 069497 069847 070194
06 072575 072907 073237 073565
0.7 075803 076115 076424 076730
08 078814 079103 079389 079673
09 081594 081859 082121 0.8238]
10 084134 084375 0384613 (084849
LI 086433 086650 036864 0.8707¢
12088493 088686 0.88877 0.89065
13090320 090490 050658 0.90824
L4 091924 092073 092219 092364
L5 093319 093448 093574  0.93609
L6 094520 094630 094738  0.94845
L7 095543 095637 095728 0.95813 .
18 096407 096485 096562 . 0.96637
L9 097128 097193 097257 0.97320
20097725 097778 097831  0.97382
21 098214 098257 098300 0.9834
22 098610 098645 098679 0.08713
23 098928 098956 098983  (0.99010
24 099180 099202 099224  0.99245
25 1099379 099396 099413  0.99430
26 099534 099547 099560  0.99573
27 099653 099664 099674 (0.99683
28 099744 099752 . 099760 0.99767
25 099813 099819 099825  0.9083]
30 099865 099869 099874 099878
31099903 099906 099910 0.99913
32 099931 099934 099936 099935
33099952 © 099953 099955 * ,99957
34 099966 0.99968 099969  0.99970
35 099977 099978 099978  0.99979
36 099984 099985 099985  0,9998¢
37 099989 099990 " 099990  0.99990
38 099993 099993 099993  0.09904
35 099995 099995 099996  0.99996

0.04

0.51595
0.55567
0.59483
0.63307
0.67003
0.70540
0.73891
0.77035
0.79954

0.82639

0.85083

0.87285 .
0.89251.

0.90088
0.92506
0.93822
0.94950
0.95907
096711
0.97381

097932

0.98382 -

0.98745,
0.95036
0.99266

- 0.99446

0.99585
0.99693
0.99774
0.99836
0.99882
0.99916

0.99940
0.99958

0.99971

0.99980
0.99986

0.99991 -

0.99994
0.99996
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‘ . APPENDIX A7
Appendix IT (. Continued)

e 1
D(z) = —= e 4y
- 211'

2 005 . 005 0.07 0.08 0.09 z

00 051994 0.52392 052790 053188  0.535 86 0.0
0.1 055962  0.56356 056749 057142  0.57534 0.1
02 059871  0.60257 0.60642  0.61026  0.61409 0.2
03 063683 0.64058 064431 0.64803  0.65173 0.3
04 067364 0.67724 0.68082  0.68438 0.68793 04

05 070884 071226 071566 071904 072240 05
06 074215 074537 074857 0.75175 075490 0.6
0.7 077337 077637 077935 078230 078523 07
08 080234 080510 080735 0.31057 081327 038
0.9 082894 083147 (33397 0.83646  -0.83891 09
%-ol0 085314 T 085543 0 gs769 0.85993  0.86214 1,0
L1 087493 . 0.87697 087900 .0.88100 088297 11
12 089435 0389616 039706 0.89573  0.90147 " ‘12
13° 091149 091308 (0.91465 091621 091773 13
14 092647 092785 (92005 0:93056  0.93189 1.4 .
15 093943 094062 094179 ' 0.04205 0.94408 1.5
L6 095053 095154 (95054 - 095352 0.95448 = 16
L7 095994 096080 0.96164 0.96246 . 0.96327 17
1.8
1.9

L8 . 0.96784  0.96856 0.96926  0.96995 0.97062
L9 097441 097500 097558  0.97615 0.97670

2.0 " 097982  0.93030 0.98077 0.98124 098169 20
21. 098422 098461 0.98500  0.98537 0.98574 2.1
22 098778  0.98809 0.98840 - 0,98870 . 0.98899 22
23 099061 . 099086 099111  0.99134 0.99158° 23
24 0099286  0.99305 099324  0.99343 099361 24

25 099461  0.99477 099492 . 0.99506:  0.99520 2.5
26 099598 0.99609° 099621 0.99632 099643 256
27 099702  0.99711 0.99720  0.99728 099736 2.7
2.8 099781  0.99738 0.99795  0.99801 0.99807 = 2.8
29 099841  0.99846 0.99851  0.99856 099861 2.9
3.0 099886  0.99889 0.99893  0,99897 099900 3.0
3.1 099918  0.9992] 0.99924  0,99926 0.99929 3
3.2 099942  0.99944 0.99946 0.59948 099950 33
3.3 099960  0.99961 0.99962 099964 099965 33
34 099972 0.99973 0.99974. .0.99975 0.99976 34

3 0.99981  0.99981 0.99982  0.99983 0.99983 . 35
3.6 099987 0.99987 - 0.99988  0,99988 099989 3¢
3.7 099991  0.99992 0.99992  0.99997 099992 37
3.8 099994  0.99994 0.99995  0.99995 099995 338
3.9 0.99996 0.99996  0.99995 0.99997 099997 39

f\
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Q@ EstimaUon Point

Avallable from: Campus Bookatora, Queen‘s Unlversity, Kingston, Ontarlo, Canada, K7L 3N6
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7 Estimator

CUMULATIVE PER CENT. FAILURE
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WEIBULL PROBABILITY CHART
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Date Typo of Test
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