
National Exams December 2015

98-Ind-A5, Quality Planning, Control and Assurance

Notes: 
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 1
2

II

x 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) Describe briefly Deming's quality philosophy and summarize his points for
management.

5 b) Explain the relation between productivity and quality, quality and profit.
Describe the costs of quality categories.

5 c) Explain the key steps in quality planning and the role of the quality function
deployment.

5 d) Explain the role of designed experiments in process improvement. What is
EVOP? Summarize Taguchi's three steps in the product design.

Question 2 (20 marks) 

4 a) Explain the difference between the engineering and statistical process control
and the difference between the off-line and on-line quality control. Describe
briefly at least two basic SPC problem solving tools. What is FMEA and
FTA?

3 b) What is a control chart and what is it used for? What is the difference
between the R chart and S chart? Which one is preferable and why?

6 c) Consider an X chart. Explain the effect of using several zone rules
(sensitizing rules) simultaneously on the average run length when the process
is in control and also out of control.

7 d) Each half an hour a 3-ft length is cut from a continuous extruded sheet of
plastic. The weights of these cross sections are used to monitor the
uniformity of the extrusion process. The weights (in pounds) of the last 20
cross sections are:

Sample number Weight
1 169
2 164
3 169
4 178
5 179
6 183
7 181
8 195
9 184
10 179
11 202
12 170
13 168
14 182
15 177
16 164
17 182
18 148
19 176
20 162

Set-up control charts to control the process mean and standard deviation. If
necessary, revise the trial control limits. Estimate the in-control process
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parameters.

Question 3 (20 marks) 

Consider the data in Question 2 and assume that the specification limits are

175 ± 35 .
6 a) Estimate the proportion nonconforming when the process is in control and

also when the process mean shifts to p i = 185 .

6 b) Calculate the estimates of the capability indexes Cp and Cp/,

Find the natural tolerance limits for the process if the percentage between
limits is 99% and the confidence level is 95%. Explain the meaning of the
tolerance limits and comment on the process capability.

8 c) To control future production, find the minimum sample size n for an
chart such that the probability of detecting a shift in the process mean from

the in-control value p 0 estimated in Question 2d) to it , =185 on the first or

second sample following the shift will be greater than 0.7.

Question 4 (20 marks) 

6 a) Define reliability and describe the life cycle failure rate curve of a product.
What probability distributions could be used to model each phase of the
curve?

6 b) An electronic unit has a constant failure rate of 0.00008/h. Calculate the
reliability after 5000 hours of operation and the mean time to failure.

8 c) A sample of 8 items is placed on test with the failure occurring at the
following times (in hours): 430, 400, 460, 435, 460, 530, 520, 490.
It was verified that the data comes from a normal population. Estimate the
mean time to failure and the standard deviation. Calculate the probability
that an item which was in operation for 400 hours would fail before 500
hours of operation.

Question 5 (20 marks) 

4 a) Explain the difference between a p-chart and a u-chart. What are these
charts used for?

8 b) A sample of 100 parts is taken from a production process every hour. The
following data were obtained from 10 consecutive samples:

Sample No. 1 2 3 4 5 6 7 8 9 10

No. of nonconforming parts 2 5 0 6 4 4 2 3 1 3

Set-up a control chart to control the proportion of nonconforming parts.
Estimate the in-control proportion of nonconforming, p 0 . What is the

largest value of p i for which the ARI,,, 100 for this control chart?
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ARL p is the average run length when the proportion of nonconforming is

I) 1-

8 c) Consider the data in Part b). Find the minimum sample size n and calculate

the control limits for an np -chart which would have a positive lower control

limit. Calculate the ARL p for this chart where p is the value determined

in Part b).

Question 6 (20 marks) 

6 a) Discuss the advantages and disadvantages of 100% inspection and
acceptance sampling. Explain the difference between the acceptance
sampling plans for variables and attributes.

7 b) Explain the following terms: acceptable quality level (AQL), limiting quality
level (LQL), rectifying inspection, average outgoing quality, average
outgoing quality limit. What is the difference between an LTPD plan such as
the Dodge-Romig sampling plan and a sampling plan obtained using MIL-
STD-105E?

7 c) Parts are submitted for inspection in lots of size 1000 using MIL-STD-105E.
The required AQL is 1.5%. Consider normal inspection, general inspection
lever II. Determine a single sampling plan satisfying the requirements.
Calculate the producer's risk when using this plan.
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A.6 'APPENDIX

Appendix II Cumulative Standard Normal Distribution
.z

-4)(z) = f e u'a du

0

0.00 0.01 0.02 0.03 0.04
0.0 0.50000 0.50399 0.50798 0.51197 0.51595 0.0
0.1 0.53983 0.54379 0.54776 0.55172 0.55567 0.1
0.2 0.57926 0.58317 0.58706 0.59095 0.59483 0.2
0.3 0.61791 0.62172 0,62551 0.62930 0.63307 0.3
0.4 0.65542 0.65910 0.62276 0.66640 0.67003 0.4
0.5 0.69146 0.69497 0.69847 0.70194 0.70540 0.5
0.6 0.72575 0.72907 0.73237 0.73565 0.73891 0.6
0.7 0.75803. 0.76115 0.76424 0.76730 0.77035 0.7
0.8 0.78814 0.79103 0.79389 0.79673 0.79954 0.8
0.9 0.81594 0.81859 0.82121 0.82381 0.82639 0.9
1.0 0.84134 0.84375 0.84613 0.84849 0.85083 1.0
1.1 0.86433 0.86650 0.86864 • 0.87076 0.87285 1.1
1.2 0.88493 0.88686 0.88877 0.89065 0.89251 1.2
1.3 0.90320 0.90490 0.90658 0.90824 0.90988 1.3
1.4 0.91924 0.92073 0.92219 0.92364 0.92506 1.4
1.5 0.93319 0.93448 0.93574 0.93699 0.93822 1.5
1.6 0.94520 0.94630 0.94738 0.94845 0.94950 1.6
1.7 0.95543 .0.95637 0.95728 0.95818 0.95907 1.7
1.8 0.96407 0.96485 0.96562 0.96637 0.96711 1.8
1.9 0.97128 0.97193 0.97257 0.97320 0.97381 1.9
2.0 0.97725 0.97778 0.97831 0.97882 0.97932 2.0
2.1 0.9.8214 0.98257 0.98300 0.98341 0.98382 2.1
2.2 0.98610 0.98645 0.98679 0.98713 0.98745 2.2
2.3 0.98928 0.98956 0.98983 0.99010 0.99036 2.3
2.4 0.99180 0.99202 0.99224 0.99245 0.99266 2.4
2.5 0.9937.9 0.99396 0.99413 0.99430 0.99446 2.5
2.6 0.99534 0.99547 0.99560 0.99573 0.99585 2.6
2.7 0.99653 0.99664 0.99674 0.99683 0.99693 2.7
2.8 0.99744 0.99752 0.99760 0.99767 0.99774 2.8
2.9 0.99813 0.99819 0.99825 0.99831 0.99836 2.9
3.0 0.99865 0.99869 0.99874 0.99878 0.99882 3.0
3.1 0.99903 0.99906 0.99910 0.99913 0.99916 3.1
3.2 0:99931 0.99934 0.99936 0.99938 0.99940 3.2
3.3 0.59952 0.99953 0.99955 0.99957 0.99958 3.3
3.4 0.99966 0.99968 0.99969 0.99970 0.99971 3.4
3.5 0.99977 0.99978 0.99978 0.99979 0.99980 3.5
3.6 0.99984 0.99985 0.99985 0.99986 0.99986 3.6

.3.7 0.99989 0.99590 0.99990 0.99990 0.99991 3.7
3.8 0.99993 0.99993 0.99993 0.99994 0.99994 3.8
3.9 0.99995 0.99995 0.99596 0.99996 0.99996 3.9
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APPENDIX A-7

1

(z) = 

1 

  e-u'I2 du

r:77

0.05   0.06 0.07 0.08 0.09 z 
0.0 0.51994 0.52392 0.52790 0.53188 0.53586 0.0
0.1 0.55962 0.56356 0.56749 0.57142 0.57534 0.10.2 0.59871 0.60257 0.60642 0.61026 0.61409 0.2
0.3 0.63683 0.64058 0.64431 0.64803 0.65173 0.3
0.4 0.67364 0.67724 0;68082 0.68438 0.68793 0.4
0.5 0.'70884 0.71226 0.71566 0.71904 0.72240 0.5
0.6 0.74215 0.74537 0.74857 0.75175 0.75490 0.6
0.7 0.77337 0.77637 0.77935 0.78230 0.78523 0.7
0.8 0.80234 0.80510 0.80785 0.81057 0.81327 0.8
0.9 0.82894 0.83147 0.83397 0.83646 0.83891 0.9
1.0 0.85314 0.85543 0.85769 0.85993 0.86214 1.0
1.1 0.87493 0.87697 0.87900 0.88100 0,88297 1.1
1.2 0.89435 0.89616 0.89796 0.899:73 0.90147 1.2
1.3 0.91149 0.91308 0.91465 0.91621 0.91773 1.3
1.4 0.92647 0.92785 0.92922 0.93056 0.93189 1.4
1.5 0.93943 0.94062 0.94179 0.94295 0.94408 1.5
1.6 0.95053 0.95154 0.95254 0.95352 ' 0.95448 1.6
1.7 0.95994 0.96080 0.96164 0.96246 0.96327 1.7
1.8 0.96784 0.96856 0.96926 0.96995. 0.97062 1.8
1.9 0.97441 0.97500 0.97558 0.97615 0.97670 1.9
2.0 0.97982 0.98030 0.98077 0.98124 0.98169 2.0
2.1 0.98422 0.98461 0.98500 0.98537 0.98574 2.1
2.2 0.98778 0.98809 0.98840 0.98870 0.98899 2.2
2.3 0.99061 0.99086 0.99111 0.99134 0.99158 2.3
2.4 0.99286 0.99305 0.99324 0.99343 0.99361 2.4
2.5 0.99461 0.99477 0492 0.99506 0.99520 2.5
2.6 0.99598 0.99609 0.99621 0.9-9-632 0.99643 2.6
2.7 0.99702 0.99711 0.99720 0.99728 0.99736 2.7
2.8 0.99781 0.99788 0.99795 0.99801 0.99807 2.8
2.9 0.99841 0.99846 0.99851 0.99856 0.99861 2.9
3.0 0.99886 0.99889 0.99893 0.99897 0.99900 3.0
3.1 0.99918 0.99921 0.99924 0.99926 0.99929 3.1
3.2 0.99942 0.99944 0.99946 0.99948 0.99950 3.2
3.3 0.99960 0.99961 0.99962 0.99964 0.99965 3.3
3.4 0.99972 0.99973 0.99974 0.99975 0.99976 3.4
3.5 0.99981 0.99981 0.99982 0.99983 0.99983 3.5
3.6 0.99987 0.99987 0.99988 0.99988 0.99989 3.6
3.7 0.99991 0.99992 0.99992 0.99992 0.99992 3.7
3.8 0.99994 0.99994 0.99995 0.99995. 0.99995 3.8
3.9 0:99996 0.99996 0.99996 0.99997 0.99997 3.9
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Appendix VII Factors for Two-Sided Normal Tolerance Limits

90% Confidence 95% Confidence 99% Confidence
That Percentage of That Percentage of That Percentage of

Population Between Population f B etween Population Between
Limits Is Limits Is Limits Is

tz 90% 95% 99% 90% 95% 99% 90% 95% 99% 
2 • 15.98 18.80 24.17 32.02 37.67 48.43 160.2 188.5 242.3
3 5.847 6.919 8.974 8.380 9.916 12.86 18.93 22.40 29.06
4 4.166 4.943 6.440 5.369 6.370 8.299 9.398 11.15 14.53
5 3.494 4.152 5.423 4.275 5.079 6.634 6.612 7.8.55 10.26
6 3.131 3.723 4.870 3.712 4.414 5.775 5.337 6.345 8.301
7 2.902 3.452 4.521 3.369 4.007 5.248 4.613 5.448 7.1878 2.743 3.264 4.278 3.136 3.732 4.891 4.147 4.936 6.4689 2.626 3.125 4.098 2.967 3.532 4.631 3.822 4.550 5.966

10 2.535 3.018 3.959 2,829 3.379 4.433 3.582 4.265 5.594
11 2.463 2.933 3.849. 2.737 3.259 4.277 3.397 4.045 5.30812 2.404 2.863 3.758 2.655 3.162 4.150 3.250 3.870 5.07913 2.355 2.805 3.682 2.587 3.081 4.044 3.130 3.727 4.89314 2:314 2.756 3.618 2.529 3.012 3.955 3.029 3.608 4.737--15 2.278 2313 3.562 2.480 2.954 3.878 2.945 3.507 4.60516 2.246 2.676 3.514 2.437. 2.903 3.812 2.872 3.421 4.49217 2.219 2.643 3.471 2.400 2.858 3.754 2.808 3345 4.39318 2.194 2.614 3.433 2.366 2.819 3.702 2.753 3.279 4.30719 2.172 2.588 3.399 2.337 2.784 3.656 2.703 3.221 4.230
20 2.152 2.564 .3.368 2.310 2.752 3.615 2.659 3.168 4.16121 2.135 2.543 3.340 2.286 2.723 3.577 2.620 3.121 4.10022 2.118 2.524 3.315 2.264 2.697 3.543 2.584 3.078 4.04423 2.103 2.506 3.292 2.244 2.673 3.512 2.551 3.040 3,99324 2.089 2.489 3.270 2.225 2.651 3.483 2.522 3.004 3.947
25 2.077 2.474 3.251 2.208 2.631 3,457 2.494 2.972 3.90426 2.065 2.460 3.232 2.193 2.612 3.432 2.469 2.941 .3.86527 2.054 2.447 3.215 2.178 2.595 3.409 2.446 2.914 3.82828 2.044 2.435 3.199 2.164 2.579 3.388 2.424 2.888 3.79429 2,034 2.424 3.184 2.152 2.554 3.368 2.404 2.864 3.763
30 2.025 2.413 3.170 '2.140 2.549 3.350 2.385 2.841 3.73335 1.988 2.368 3.112 2.090 2.490 3.272 2.306 2.748 3.61140 1.959 2.334 3.066 2.052 2.445 3.213 2.247 2.677 3.51850 1.916 2.284 3.001 1.996 2.379 3.126 2.162 2,576 3.38560 1.887 2.248 2.955 1.958 2.333 3.066 2.103 2.506 3.29380 1.848 2.202 2.894 1.907 2.272 2.986 2.026 2.414 3.173100 1.822 2.172 2.854 1.874 2.233 2.934 1.977 2.355 3.096200 1.764 2.102 2.762 1.798 2.143 2.816 1.865 2.222 2.921500 1.717 2.046 2.689 1.737 2.070 2.721 1.777 2.117 2.7831000 1.695 2.019 2.654 1.709 2.036 2.676 1.736 2.068 2.718co 1.645 1.960 2.576 1.645 1.960 2.576 1.645 1.960 2.576
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APPENDIX A-3

Appendix I Cumulative Poisson Distribution('

A
0.01 0.05 0.10 0.20 0.30 0.40 ' 0.50 0.60 

0 0.990 0.951 0.904 0.818 0.740 0.670 0.606 0.548
1 0.999 0.998 0.995 0.982 0.963 0.938 0.909 0.878
2 0.999 0.999 0.998 0.996 0.992 0.985 0.976
3 0.999 0.999 0.999 0.998 0.996
4 0.999 0.999 0.999 0.999
5 0.999 0.999

A
x 0.70 0480 0.90 1.00 1.10 1.20 1.30 1.40

0 0.496 0.449 0.406 0.367 0,332 0.301 0.272 0.246
1 0.844 8.808 0.772 0.735 0.699 0.662 0.626 0.591
2 0.965 0.952 0.937 0.919 0.900 0.879 0.857 0.833
3 0.994 0.990 0.986 0.981 0.974 0.966 0.956 0.946
4 0.999 0.998 0.997 0.996 0.994 0.992 0.989 0.985
5 0.999 0.999 0.999 0.999 0.999 0.998 0.997 0.996

6 0.999 0.999 0.999 0.999 0.999 0.999 0.999
7 0.999 0.999 0.999 0.999 0.999
8 0.999 0.999

A
x 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20

0 0.223 0.201 0.182 0.165 0.149 0.135 0.122 0.110
1 0.557 0.524 0.493 0.462 0.433 0.406 0.379 0.354
2 .0.808 0.783 0.757 0.730 0.703 0.676 0.649 0.622
3 0.934 0:921 0.906 0.891 0.874 0.857 0.838 0.819
4 0.981 0.976 0.970 0.963 0.955 0.947 0.937 0.927
5 0.995 0.993 0.992 0.989 0.986 0983 0.979 0.975

6 0.999 0.998 0.998 0.997 0.996 0.995 0.994 0.992
7 0.999 0.999 0.999 0.999 0.999 0.998 0.998 0.998

. 8 0.999 0.999. 0.999 0.999 0.999 0.999 0.999 0.999
9 0.999 0.999 0.999 0.999 0.999 0.999

10 0.999 0.999

° Entries in the table are values F(x) = P - x) = Z...0(e-AA1c1). Blank spaces

below the last entry in any column may be reed as 1.0; blank spaces above the first

entry in any column may be read as 0.0.
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A-4 APPENDIX

Appendix I (Continued)

A
x 2.30 2.40 2.50 2.60 2.70 2,80 2.90 3.00 
0 0.100 0.090 0.082 0.074 0.067 0.060 0.055 0.049
1 0.330 0.308 0.287 0.267 0.248 0.231 0.214 0.199
2 0.596 0.569 0.543 0.518 0.493 0.469 0.445 0.423
3 0.799 0.778 0.757 0.736 0.714 0.691 0,669 0.647
4 0.916 0.904 0.891 0.877 0.862 0.847 0.831 0.815
5 0.970 0.964 0.957 0.950 0.943 0.934 0.925 0.916
6 0.990 0.988 0.985 0.982 0.979 0.975 0.971 0,966
7 0.997 0.996 0.995 0.994 0.993 0.991 0.990 0.988
8 0.999 0.999 0.998 0.998 0.998 0.997 0.996 0.996
9 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.998

10 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999
11 0.999 0.999 0.999 0.999 0.999 0.999
12 0.999 0.999

A
x 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
0 0.030 0.018 0.011 0.006 0.004 0.002 0.001 0.000
1 0.135 0.091 0.061 0.040 0.026 0.017 0.011 0.007
2 0.320 0.238 0.173 0.124 0:088 0.061 0.043 0.029
3 0.536 0.433 0.342 0.265 0.201 0.151 0.111 0.081
4 0.725 0.628 0.532 0.440 0.357 0.285 0.223 0.172
5 0.857 0.785 0.702 0.615 0.528 0.445 0.369 0.300
6 0.934 0.889 0.831 0.762 0.686 0.606 0.526 0.449
7 0.973 0.948 0.913 0.866 0.809 0.743 0.672 0.598
8 0.990 0.978 0.959 0.931 0.894 0.847 0.791 0.729
9 0.996 0,991 0.982 0.968 0.946 0.916 0.877 0.83010 0.998 0.997 0.993 0.986 0.974 0.957 0.933 0.901

11 0.999 0.999 0.997 0.994 0.989 0.979 0.966 0.94612 0.999 0.999 0.999 0.997 0.995 0.991 0.983 0.97313 0.999 0.999 0.999 0.999 0.998 0.996 0.992 0.98714 0.999 0.999 0.999 0.999 0.998 0.997 0.99415 0.999 0.999 0.999 0.999 0.998 0.997
16 0.999 0.999 0.999 0.999 0.99917 0.999 0.999 0.999 0.99918 0.999 0.999 0.99919 0.999 0.99920 0.999

Page 10 of 13 pages

1.‘A



APPENDIX A-5

Appendix I (Continued)

A
x 7.50 8.00 8.50 9.00 9.50 10.0 15.0 20.0 
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000• 0.000
1 0.004 0.003 0.001 0,001 0.000 0.000 0.000 0.000
2 0.020 0.013 0.009 0.006' 0.004 0.002 0.000 0.000
3 0.059 0.042 0.030 0.021 0.014 0.010 0.000 0.000
4 0.132 0.099 0.074 0.054 0.040 0.029 0.000 0.000
5" 0.241 0.191 0.149 0.115 0.088 0.067 0.002 0.000
6 0.378 0.313 0.256 0.206 0.164 0.130 0.007 0.000
7 0.524 0.452 0.385 0.323 0.268 0.220 0.018 0.000
8 0.661 0.592 0.523 0.455 0.391 0.332 0.037 0.002
9 0.776 0.716 0.652 0.587 0.521 0.457 0.069 0.005

10 0.862 0.815 0.763 0.705 0.645 0.583 0.118 0.010
11 0.920 0.888 0.848 0.803 0.751 0.696 0.184 0.021
12 0.957 0.936 0.909 0.875 0.836 0.791 0.267 0.039
13 0.978 0.965 0.948 0.926 0.898 0.864 0.363 0.066
14 0.989 0.982 0.972 0.958 0.940 0.916 0.465 0.104
15 0.995 0.991 0.986 0.977 0.966 0.951 0.568 0.156
16 0.998 0.996 0.993 0.988 0.982 0.972 0.664 0.221
17 0.999 0.998 0.997 0.994 0.991 0.985 0.748 0.297
18 0.999 0.999 0.998 0.997 0.995 0.992 0.819 0.381
19 0.999 0.999 0.999 0.998 0.998 0.996 0.875 0.470
20 0.999 0.999 0.999 0.999 0.999 0.998 0:917 0.559
21 0.999 0.999 0.999 0.999 0.999 0.999 0.946 0.643
22 0.999 0.999 0.999 0.999 0.999 0.967 0.720
23 0.999 0.999 0.999 0.999 0.980 0.787
24 0.999 0.999 0.988 0.843
25 0.999 0.993 0.887
26 0.996 0.922
27 0.998 0.947
28 0.999 0.965
29 0.999 0.978
30 0.999 0.986
31 0.999 0.991
32 0.999 0.995
33 0.999 0.997
34 0.998
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Table 14-4 Sample Size Code Letters (MIL STD 105E, Table 1)

Specialinspection Levels  General Inspection Levels 

Lot or Batch Size S-1 S-2  S-3 S-4 I II  III,
2 to 8 A A A A A A B
9 to 15 A A A A A B C.

16 to 25 A A B B B C D
26 to 50 A B B C C D E
51 to 90 B B C C C E F
91 to 150 B B C D D F G

151 to 280 B C D E E 0 H
281 to 500 B C D E F H 1
501 to 1200 C C E F G J K

1201 to 3200 C D E 0 H K L
3201 to 10000 C D F G J L M

10001 to 35000 C D F H K M N
35001 to 150000 D E G 3 L N P

150001 to 500000 D E 0 3 M P Q
500001 and over D E H K N Q R
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