
National Exams May 2013

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

1. 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.

2. This is a Closed Book Examination.
3. Candidates may use one of two calculators, the Casio or Sharp approved models.
4. Candidates are permitted to bring into the examination room one aid sheet

8 112"* 11" written on both sides.
5. Any five questions constitute a complete paper. Only the first five questions as

they appear in your answer book will be marked.
6. All questions are of equal value.
7. Relevant statistical tables are attached.
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Question 1 (20 marks)

5 a)

5 b)

5 c)

5 d)

Explain briefly the Taguchi' s approach to quality improvement and discuss the
traditional and Taguchi's definition of quality and difference between the
traditional and Taguchi's loss functions. What is the relation between continuous
quality improvement and the Taguchi's philosophy?

Describe the quality cost categories. When applying a successful quality
improvement program, which quality costs should decrease and why? Discuss the
role of management in reducing total quality costs and improving quality.

Explain the difference in objectives of the quality prizes and the quality
certification. Describe recent trends in-supplier-producer relations and discuss the
purpose of vendor certification. Describe typical phases of quality certification.

Explain briefly the philosophy, history and the key principles of Six Sigma.
Describe the five phases of the problem solving methodology DMAIC.

Question 2 (20 marks)

5 a)

7 b)

8 c)

What rules should be followed when taking samples for statistical process
control(SPC) and why? What is a run length, average run length and the average
time to signal? Give examples of the charts for which it is appropriate to use
zone-rules and the charts for which it is not. Explain.

Explain the difference between the engineering process control (EPC) and SPC
and how these two types of control can be applied in a real situation. Why can
EWMA chart be used for both EPC and SPC?

Explain why the traditional X chart is not very effective to detect small shifts in
the process mean and why EWMA or CUSUM charts are better alternatives. Why
is the probability of detecting a shift in process mean on the sample following the
shift very small for EWMA and yet EWMA outperforms X chart when the size
of the shift is small?
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Question 3 (20 marks)

6 a) Describe the two types of variation in production processes. When is the process
in statistical control? Explain the difference between the control limits,
specification limits. and the natural tolerance limits.

7 b) The data below are the tensile strength measurements (in Newtons per square
millimeter) of 20 successive aluminum sheets ( 1 sheet is measured every 30
minutes ):

Sheet 1 2 3 4 5 6 7
Measurement 189.3 183.3 195.1 186.0 195.1 181.2 180.4

Sheet 8 9 10 11 12 13 14
Measurement 214.2 184.8 183.3 187.6 183.9 185.4 185.8

Sheet 15 16 17 18 19 20
Measurement 186.6 183.8 188.5 185.3 192.1 180.7

Determine the control limits for the charts to control the process mean and
standard deviation. If necessary, revise the trial control limits. Do not plot the
points on the charts. Find the estimates of the in control process mean and
standard deviation.

7 c) Consider the 1 chart in b). The production rate is 50 sheets per hour. Assume that
the process mean shifted from /4, to JlQ + 0' at time t (immediately after taking a
measurement), where Jlo and 0' are the in-control estimates of the process mean
and standard deviation.

Estimate the expected number of defectives produced (below LSL+above USL)
from the time the shift occurred to the time the I chart signalled an out-of-control
condition.

Question 4 (20 marks)

5 a) Explain the difference between p-charr and np- chart, and between c-chart and 1I-

chart. What are these charts used for? 'What is the demerit chart?
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7 b) The number of workmanship nonconformities observed in the final inspection of
disk-drive assemblies has been obtained as shown below.

Day 2 3 4 5 6 7 8 9 10·

Number of
assemblies 2 4 2 I 3 4 2 4 3 I
inspected

Total No. of 0 10 8 5 5 5 4 6 6 3
nonconfonni ties

Inspection unit is defmed as 1 assembly. Find the control limits for the u-chm1. Is
the process in control? If necessary, revise the control limits. Estimate the
expected number of nonconformities per assembly.

8 c) To control future production, the inspection unit is redefined as 2 assemblies.
What is the minimum sample size (assume constant sample size for the new
control chart) to detect the shift from A to 1.5A(A is the in-control expected
number of non conformities per assembly estimated in b)) on the first or second
sample following the shift with probability at least 0.7?

Question 5 (20 marks)

5 a) Describe the three stages in the product and process design: system design,
parameter design and the tolerance design. What is the role of the quality function
deployment in the product design and in which state is it applied?

6 b) Provide a brief description and usage of the Taguchi Methods. Explain the
following: signal-to-noise ratio, inner and outer array, linear graph, graph of
marginal averages. Discuss the limitations of the Taguchi Methods.
Give examples of robust design for a product and a manufacturing process.
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9 c) A newly hired engineer has been asked to analyze the experimental results of the
fractional factorial design shown in the table below. The experiment was
designed and performed by an employee who is now working for a competitor of
the company. The response Y is the number of particles per million of a certain
contaminant. The response was available for all the tests but some of the test
settings were not readable. The design matrix is given in the order in which the
tests were performed.

Run A B C D E F Y
? ? ? ? ? ? 16

ii + + 23
III + + + 15
IV + + 19
V ? ? ? ? ? ? 21
VI + + + 14
vii + + + 27
viii + + 12

Complete the table and analyze the data from this experiment. Plot the effect
estimates on the attached normal paper and identify significant effects.

Question 6 (20 marks)

5 a) Discuss the advantages and disadvantages of acceptance sampling and 100%
inspection. When is sequential sampling recommended?

7· b) Explain briefly the difference between the sampling plans for attributes and for
variables. Summarize the main features of MIL-STD-lOSE.

8 c) Items are submitted for inspection in lots of size 1,500. The required AQL is 1%.
Consider normal inspection and general inspection level II. Find a single
sampling plan using MIL-STD-I05E. Estimate the producer's and consumer's
risks ifLQL=3%.
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Appendix II Cumulative Standard Normal Distribution

z

1; 0.00 0.01 0.02 0.03 0.04 z0.0 00סס0.5 0.50399 0.50798 0.51197 0.52595 0.00.1 0.53983 0.54379 0.54n6 ,0.55172 0.55567 0.10.2 0.57926 0.58317 0.58706 0.59095 0.59483 0.20.3 0.61791 0.621n 0.62551 0.62930 0.63307 0.3OA 0.65542 0.65910 . 0.62176 '0.66640 0.67003 04
.....
0.5 0.69146 0.Ci9497 0.69847 0.70194 0.70540 0.50.6 0.72575 .0.72907 0.13237 0.73565 0.73891 0.60.7 0.75803 0.76115 0.76424 0.76730 0.77035 0.70.8 0,78814 0.79103 0.79389 Q,79673 0.79954 0.80.9 0.81594 0.81&59 0.82121 0.82381 0.82639 0.91.0 0.84134 0.84375 0.84613 0,84849 0,85083 1.0 ..1.1 0.86433 0,86650 0.86864 0.87076 0.87285 1.11.2 0.88493 0.88686 0.88877 0,89065 0.89251 1.21.3 0.90320 0.90490 0,90658 0.90824 0.90988 1.31.4 0.91924 0.92073 0.92219 0.92364 0,92506 1.41.5 0,93319 0.93448 0.93574 0,93699 0.93822 1.51.0 0.94520 094630 0.94738 0.94845 0.94950 1.61.7 0.95543 0.95637 0.95728 0.95818 0,95907 1.71.8 0,96407 0.96485 0.96562 0.96637 0.96711 1.81.9 0.97128 0.97193 0.97257 0,97320 0.97381 1.92,0 0.97725 0,97778 0.97831 0.97882 0.97932 2.02.1. 0:98214 0.98257 0.98300 0.98341 0.98382 2.12~2 0.98610 0,98645 0.98679 0.98713 0.98745 2.22.3 0.98928' 0.98956 0.98983 ().99010 0.99036 2,32.4- 0.99180 0.99202 0,99224 -- 0.99245 0,99266 2.42.5 0,99379 0.99396 0,99413 0.9$1430 0.99446 2.52.6 0,99534 0.99547 0.99560 0.99573 0,99585 2.62.7 0.99653 0.99664 0.99674 0.99683 0,99693 2.72,8 0.99744 0.99752 0,99760 0.99767 0.99774 2,82.9 0.99813 0,99819 0.99825 0.99831 0,99836 2.93.0 .0,99865 0.99869 0.99874 0.99878 0.99882 3.03.1 0.99903 0.99906 0.99910 0,99913 0.99916 3.13.2 0.99931 0.99934 0.99936 0.99938 0.99940 , 3.23.3 0.99952 0.99953 0.99955 0.99957 0,99958 3.33.4 0.99966 0,99968 0.99969 0.99970 0.99971 3.43.5 0.99977 0.99978 0.99978 0,99979 0.999&0 3.53.6 0.99984 0.99985 0.99985 0.99986 0.99986 3,6.3.7 0.99989 0.99990 0.99990 0.99990 0.99991 3.7s.s 0.99993 0.99993 0.99993 0.99994 0.99994 3.83.9 0.99995 0.99995 0.99996 0.99996 0.99996 3.9
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Appendix II (Continu.e:d)
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Table 14-4 Sample Site Code Letters (MIL STD lOSE, Table I)'- ~.~-----~-
Spe~al .Inspection Levels.

General Inspection LevelsLot or Batch Size S-1 S-2 S-3 S-4 I II m2 to 8 A A A A A A B9 to IS A A A. A A B C16 to 25 A A B B B C D26 to SO A B B C C D E51 to 90 B B C C C E F91 to 150 B B C .0 D F GlSI to 280 B C 0 E E G H281 (0500 B C 0 E F H JSOl (0 1200 C C E F G J K.r, ,1201 to 3200 C D E G H K L3201 to 10000 C 0 F G 1 L M10001 to 35000 C 0 P H K M N3500 I to 150000 0 E G J L N P15000) to 500000 0 E 0 1 M p Q5001סס and OI'U D E H K N Q R
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