
National Exams May 2011

98~Ind-A5, 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.

1
4. Candidates are permitted to bring into the examination room one aid sheet of size 8 - * 11 written

2
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)

Question 2 (20 marks)

5 a)

5 b)

4 c)

6 d)

Question 3 (20 marks)

5 a)

6 b)

Compare the traditional, ASQ, and Taguchi's definitions of quality. Explain
the difference between the quality of design, quality of conformance, the
quality of performance and the relation between them.

Explain the relation between the loss function, definition of quality, the
quality philosophy of Taguchi, and the six sigma quality.

Describe recent trends in the supplier-producer relations and the purpose of
the quality certification. Explain briefly IS09000 and !SOITS 16949.

Describe the concurrent engineering approach to product and process design
and compare with the traditional approach. What is the role of QFD in the
product design stage?

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

Discuss type I and type II errors relative to a control chart. What practical
implications in terms of process operation do these two types of errors have?
What is a run length, average run length and the average time to signal?

X and S control charts are maintained on the tensile strength of a metal
fastener. After analyzing 30 samples of size n=S, we obtained:

30 30I~;=14,050 and IS;==510
;=1 ;=1

Find the control limits for both charts and estimate the process parameters.
What assumptions are you making?

For the X chart in c), find the minimum value ofk>O for which the
probability of detecting the shift in the process mean from flo to f..lo +ka on

the next sample following the shift is greater than or equal to 0.6 (Po and 0'

are process parameters estimated in c)).

Discuss the advantages and disadvantages of control charts for variables over
those for attributes. Explain the differences between p chart, c chart, and u
chart.

Assume the process is in control, but it still does not meet some desirable
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standard for the proportion of non con fanning items. How would you detect
such a condition and what action would you take? Answer the question for the
case the data comes from a normal population and also for the case the
distribution is not normal.

9 c) The following data are the results of inspection of 15 samples of cloth for
nonconform iti es:

Square meters of 50 120 70 110 200 20 300 80 150 180 100 30 350 10 100
cloth insnected
Nonconfonnities I 4 6 3 5 0 15 7 4 12 6 2 12 I 7
found

What type of control chart would you suggest to control this process?
Calculate the control limits and revise them, if necessary. Estimate the in-
control process mean Jlo and standard deviation a .

Find the ARL when the process mean shifts to 14 = J..I.o +O.Sa
Question 4 (20 marks)

5 a) Assume that a quality characteristic is normally distributed with mean Jl .
Explain the difference between a confidence interval for If and statistical
tolerance limits.

10 c)

Should the process be in statistical control when performing capability
analysis? Why or why not? Explain the differences between capability
indices Cp' Cpk ' and, Cpm • What is the relation between Cp and Cph ?

Suppose, for a given process, the estimates of Cp and C pk are 1.33and

1.05,respectively. Assuming that the process follows a normal distribution,
and two-sided specification limits are used (LSL and USL), estimate the
process fraction nonconforming. Estimate C

rIN
, if the target value

T = (USL +LSL) 12

5 b)

How would the process fraction nonconforming change if the process mean
is centered?

Question 5 (20 marks)

6 a) Explain the following terms: producer's risk, consumer's risk, acceptable
quality level (AQL), limiting quality level (LQL), average outgoing quality
limit. What is the effect ofthe sample size and the acceptance number on the
OC curve?

6 b) Discuss the advantages and disadvantages of variable sampling plans over
those for attributes. Can the LQL level be stipulated when selecting a
sampling plan using MIL-STD-IOSE? When is sequential sampling
recommended?
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8 c) Item are submitted for inspection using MIL-STD-J 05E in lots of 800. The
required AQL is 1.5%. Consider normal inspection and general inspection
level II. Find a single sampling plan using MIL-STO-lOSE. If LQL=4%,
what is the producer's and consumer's risk?

Question 6 (20 marks)

7 a) Explain purpose of randomization and blocking when designing an
experiment. Describe features of a 2k factorial design and a 2k

-
p fractional

factorial design. What is confounding?

9 b) Two controllable factors temperature and pressure are each kept at three
levels to determine their impact on the ductility of an alloy being produced.
The ductility of the produced alloy is shown in the table bellowed.

Ductility of an Alloy Based on Process Temperature and Pressure Settinas

Temperature Pressure (~g! em: )
50 100 l50

lS0"C
50 44 75
65 49 80

2S0"C
40 25 86
45 30 88

300"e
72 62 60
60 71 62

Test at the 5% significance level to determine whether the factors or
interaction are significant.

4 c) Consider the data in question 6 b)
What are the desirable settings of the process temperature and pressure if a
higher ductility is preferred?

Page 4 of 10 Pages



.._'---

._------------_. __ ._-_._--_._--------, ....-

A-a APPEND!X

Appendix II Cumulative Standard Normal DiHrlbution
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0.0
0.1
0.2
OJ
0.4

0.:.. •.

0.5
0.6
0.7
0.8
0.9
1.0
l.l
1.2
L3
1.4
1.5
1.6
1.7 .
1.8
1.9
2.0
'2.1.
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2 ..
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.50000
0.53983
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0.99996

Page 5 of 10 Pages

0.51197
0.551}2
0.59095
0.62930
0.66640
0.70t94
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0.76730

. 0.79673
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Appendix II (Conrinued)
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Table H-4 Sample Site Code Letters (MIL STD 105E, Table 1)
••••• -- •••••••••••••• - •••• --- ••• --------~ ••••• -----...-.-.- ••. -,.- ••••• -- •• -- •••••••..••• --- •••••• - ••.••• -----.-.---:--- •• - •• --.-- •• - •• --.--. .•••.• -.·-·-·_···· __ • ____ rr_. ____ •

SpeciBl.Inspedion Levels General Inspection Levels
Lot or B arch Size S-I S-2 S-3 S-4 II nr

2 \08 A A A A A A B
9 \0 15 A A A A A B C

16 to 25 A A B B B C D
261050 A B B C C D E
51 (090 B B C C C E F
91 (0 150' B B C D D F G

15110280 B C D E E G H
281 (0500 B C D E P H J
501 (0 1200

~} C C E F G J K
1201 (03200 C D E G H K L
320J (0 10000 C D F 0 J L M

10001 (035000 C 0 F H K M N
35001 to l50000 D E G J L N P

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

- ••.•••• --- __ ._. __ ••• _""'H-H- •••__ ~._. ___ •__ ._ ••••• ___ •••••••••••• _. ________ • _____ •__ •••••••••••••••• _. __ ....- •••••••• ___ ••.•••••••••••••• __ •
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