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National Exams May 2018

17-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

1 " ) ) )
8A x 11" written on both sides.

Any five questions 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)

5 a)
5 b)
5 c)
5 d)

Describe the traditional, ASQ, and Taguchi’s definitions of quality and
discuss the related loss functions and their role in product and process
design.

Explain the differences among Six Sigma philosophy, TQC, and TQM.

What is the purpose of quality certification for a supplier and a producer?
Describe briefly the original structure of ISO 9000, the major changes made
in 2000, and summarize the steps in ISO 9001 registration.

Discuss the advantages of the concurrent engineering approach to product
and process design over the traditional approach.

Question 2 (20 marks)

6 a)
5 b)
9 c)

Explain which basic SPC tools can be used to identify the assignable causes
of variation and describe in detail two of them. Explain the difference
between the control limits and the natural tolerance limits.

X and S control charts are maintained on the tensile strength of a metal
fastener. After analyzing 40 samples of size n =4, we obtained

40 40
D%, =18,200 and ) s, =380
i=| i=1

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

Consider the problem in b) and assume that the specifications on the tensile
strength are 450+30. BEstimate the process fraction nonconforming below
LSL and above USL (separately). For the X chart in b), find the smallest
value of k>0 for which the out-of-control ARL when the process mean

shifts from p, to p, + ko is less than or equal to 5 (k, and ¢ are the in-
control process parameters estimated in b).

Question 3 (20 marks)

5 a)
7 b)
8 c)

Explain how the process capability can be assessed if the quality
characteristic of interest is not normally distributed.

Should the process be in statistical control when performing capability
analysis? Why or why not? Explain the differences between capability
indexes C ,, C,, and C,,,. What is the relation between C, and C ,?

Suppose that for a given process, the estimates of C, and C,, are 1.20 and

1.15, respectively. Assuming that the process follows a normal distribution,
and two-sided specification limits are used (LSL and USL), estimate the
process fraction nonconforming below LSL and above USL (separately).
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Question 4 (20 marks)

5 a)
7 b)
8 c)

Explain why two control charts are used for variables and only one control
chart for attributes. Describe the difference between p and u control charts.

Explain why in real situations an inspection unit is usually defined for a c
control chart as several physical units, for example 1 inspection unit may
consist of 5 parts. Assume that the lower control limit for a ¢ chart is zero
and, for a particular sample, c, is equal to zero. When should we stop the

process and search for assignable causes and when should we not?

The number of nonconformities observed in the final inspection of some
assemblies has been tabulated as shown below. One inspection unit is
defined as two assemblies. Set-up the appropriate control chart with 3 sigma
limits. Revise, if necessary. Estimate the in-control mean number of
nonconformities per assembly.

Day 1 2 | 3| 4« [ s 6] 7] 8] 9|10

No. of assemblies 2 4 9 4 2 2 4 4 D) 4
inspected

Total No. of

. 8 26 10 30 18 9 20 24 6 28
nonconformities

Question 5 (20 marks)

5 a)

8 b)

Describe the three stages in the product design. Explain the meaning and the
roles of inner and outer arrays in a robust design.

An engineer wishes to test the effects of different levels of nickel,
molybdenum and titanium on the tensile strength of a tool-grade steel. A 2’
factorial experiment with 2 replications has been used. The low and high
levels of nickel, molybdenum, and titanium are 15% and 18%, 4% and 5%,
and 0.55% and 0.65%, respectively. The experimental data are in the table
below.

Treatment Factors Replicates
Combinations Ni Mo Ti I II

1) 15 4 0.55 285 290

a 18 4 0.55 295 282

b 15 5 0.55 306 298
ab 18 5 0.55 313 325

c 15 4 0.65 290 280
ac 18 4 0.65 302 290
be 15 5 0.65 310 326
abc 18 5 0.65 308 302

Find the estimates of the main effects and of the interaction effects. Identify
significant effects by testing the appropriate hypotheses at significance level

o =0.05.
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7 ¢) What combination of factor levels results in the highest mean tensile
strength? Find the estimate of the mean response for the following values of
the factors: nickel 17%, molybdenum 4% and titanium 0.6%.

Question 6 (20 marks)

6 a) Assume that an acceptance sampling plan is AQL-based. Explain what this
means. [s a Dodge-Romig LTPD plan AQL-based? What is AOQL?
6 b) Discuss the advantages and disadvantages of using traditional acceptance

sampling over sequential sampling. In what situations is sequential sampling
preferable? Explain the difference between the sampling plans MIL-STD-
105E and MIL-STD-414.

8 ¢) [Items are submitted for inspection using MIL-STD-105E. Find the single
sampling plan for the following conditions: normal inspection, general
inspection level II, lot size=2,500 and the AQL=0.25% nonconforming.
Estimate the producer’s and consumer’s risks for this plan if the LQL=2%.
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APPENDIX

Appendix [l Cumulative Standard Normal Distribution

Pz) = f_: \/Zl_w e~ dy ¢

z 0.00 0.01 0.02 0.03 0.04 z

00 050000 050399 0.50798 0.51197 0.51595 0.0
0.1 0.53983 054379  0.54776  0.55(72 0.55567 0.1
02 057926 058317 0.58706  0.59095 0.59483 0.2
03 061791  0.62172  0.62551 0.62930  0.63307 0.3
04 065542  0.65910  0.62276 0.66640 0.67003 0.4
05 069146 069497  0.69847  0.70194 0.70540 0.5
06 072575 072907 073237  0.73565 0.73891 0.6
0.7 075803 076115  0.76424  0.76730 0.77035 0.7
08 078814 079103  0.79389 0.79673 0.79954 0.8
09 081594 081859 0.82121 0.82381 0.82639 0.9
L0 084134  0.84375 ' 0.84613 0.84849 0.85083 1.0
1.1 0.86433  0.86650  0.86864 . 0.87076 0.87285 1.1
0.88493  0.88686  (0.88877  0.89065 0.89251

0.90320  0.90490  0.90658  0.90824 0.90988

0.91924  0.92073  0.92219  0.92364 0.92506

1.2

1.3

1.4

0.93319 093448  0.93574  (.93699 0.93822 1.5
1.6

1.7

1.8

0.94520  0.94630  0.94738 0.94845 0.94950
0.95543  0.95637  0.95728 095818 0.95%907
0.96407  0.96485  0.96562  0.96637 0.96711 .
097128 097193 0.97257  0.97320 0.97381 1.9
0.97725 097778  0.97831 0.97882 097932 20
2.1 098214 098257  0.98300  0.9834] 0.98382 2.1
22 098610  0.98645  0.98679  0.98713 0.98745 2.2
23 0.98928  0.98956  0.98983  0.99010 0.99036 2.3
2.4 099180  0.99202  0.99224  0.99245 099266 24

2.5 099379 099396 099413  0.99430 0.99446 2.5
2.6 0.99534  0.99547 099560  0.99573 099585 2.6
2.7 099653 099664  0.99674  0.99683 0.99693 2.7
2.8 0.99744 099752 099760  0.99767 0.99774 2.8
29 099813  0.99819  0.99825  0.9983] 0.99836 2.9
3.0 0.99865  0.99869  0.99874  0.99878 0.99882 3.0
3.10.99903 099906  0.99910  0.99913 - : 0.99916 3.1
3.2 099931 099934 099936  0.99938 099940 32
33 099952 099953 099955  0.99957 0.99958 33
3.4 099966 099968  0.99969  0.99970 0.99971 34
3.5 099977 099978  0.99978  0.99979 0.99980 3.5
3.6 099984 099985  0.99985  0.99986 0.99986 3.6
3.7 099989  0.99990  0.99990  0.99990 0.99991 3.7
3.8 099993 0.99993  0.99993  0.99994 0.99994 3.8
39 099995 099995  0.99996  0.9999¢ 0.99996 3.9

N = b= e
[=REN-Tr I e N Y R
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APPENDIX A-7

Appendix Il (Continued)

D) = f; ;&L.;-r e~ dy
z 0.05 0.06 0.07 0.08 0.09 Z

0.0 051994 052392  0.52790  0.53188 0.53586 0.0
0.1 055962  0.56356  0.56749  0.57142 0.57534 0.1
0.2 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
04 067364 067724  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 077637 077935  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
L2 0.89435  0.89616 0.89796  0.89973 0.90147 12
1.3 091149 091308  0.91465 0.91621 0.91773 1.3
1.4 0.92647  0.92785  0.92922 0.93056  0.93189 1.4

L5 0.93%43  0.94062  0.94179  0.94295 0.94408 L5
L6 095053 095154 095254 0.95352 - 0.95448 Le
1.7 095994 0.96080  0.96164  0.96246 0.96327 1.7
1.8 096784  0.96856  0.96926  0.96995 . 0.97062 1.8
1.9 0.97441 0.97500 097558  0.97615  0.97670 1.9
20 097982 0.98030  0.98077  0.98124 0.98169 2.0
2.1 098422 098461  0.98500  0.98537 0.98574 2.1
22098778 098809  0.98840 0.98870  0.98899 2.2
2.3 0.99061 0.99086  0.99111  0.99134  0.99158 2.3
24 099286  0.99305  0.99324  0.99343 0.99361 24

2.5 0.99461 0.99477 099492 0.99506  0.99520 2.5
2.6 099598  0.99609  0.99621  0.99532 0.99643 2.6
2.7 099702 099711  0.99720  0.99728 0.99736 2.7
2.8  0.99781 0.99788  0.99795  0.99801  0.99807 2.8
29  0.99841 0.99846 099851  0.99856  0.9986] 2.9
3.0 099886  0.99889  0.99893  0.99897 0.99900 3.0
3.1 099918 099921  0.99924  0.99926 0.99929 3.1
3.2 099942 0.99944  0.99946  0.99948 0.99950 357)
3.3 099960  0.99961  0.99962  0.99964 0.99965 3.3
34 0.99972 0.99973 0.99974 0.99975 0.99976 34
3.5 0.99981 0.99981  0.99982  0.99983  0.99983 35
3.6 099987  0.99987  0.99988  0.99988 0.99989 3.6
3.7 0.99991 0.99992  0.99992  0.99992 0.99992 3.7
38 099994 099994  0.99995  0.99995 0.99995 3.8
3.9 099996  0.99996  0.99996  0.99997 0.99997 3.9
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'I_‘ablt_t_ 14-4  Sample Size Code Letters (MIL STD 105E, Table 1)

Special Inspection Levels General Inspection Levels
S-2 S-3 II1

Lot or Batch Size

2to0 8
9to 15
16 to 25
26 to 50
511090
91to 150
151 to 280
281 to 500
501 to 1200
1201 to 3200
3201 to 10000
10001 to 35000
35001 to 150000
150001 to 500000
500001 and over

[75]
.
7]
1
EN

Sooo0NNuwww>»>>»
DoEmO0U0NONOwWw» » >
.E:I:C)C)-nmmmooooww>>
:qumoommmooow>>
:SZZL'*N-—:I:C)-anOOw>>H
;:O'UZZF"N'—(:I:O'nmUOm>::
TOVZIOCAR<TZTQOTEOOUOQOW

I
|
!
|
|
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Table 13-5 Moaster Table for Normal Inspecrion—Single Sampling (MIL STD 105E, Table 1-A)

Acceptable Quallty Levels (normal Inspection)

Sample

size [ Ssmple

code | size | 0010 |0.015 | 0025 | 0.040 | 0.065 | 010 | 005 | 025 | 040 | 065 | 10 | 15 | 25 | 4o 65 1 10 a5 f2s | a0 | 65 | 100 | 150 | 250 | 400 | 650 | 1000
letter

>nxn>an_?nwn}.uwﬁ.whxn.)an>nwh>nﬁn>nwn>n»n>nhh>n.wn.._rnzn>an>n_ﬂn)an}nFn.-ﬁWn3hﬂn>nxn>hwn>nﬁnhhwn>nxnyhﬁn.»nwn
— e

A 2 TE 17 J Lo s ,@__quuuua“fo::;emau_
B 3 o 1| V202 313 als sl 7 8010 t1f1s 1sfar 22030 31fes a5
c s o_Av‘mV._NNwubumqw_o:z_uﬁﬁuou_ta

> 8 o_¢FJ\~NNuuAumqms__x:u_ﬁsu_na ~
E 13 ‘o_Q,@_NNquMmqw_o:zafnuuu_tak}?

F 20 .o“©.ﬁu-.NNuu;u.mgfo:r:u_Bk »\.ﬂ

G n O_Q@_NNUuAuaqw_o::aENn\)v

H 50 o_..Dr@_NNuusmmqms:za:S

] 30 ﬂ.\fc~AVAU'_MNuu“ua.\m_o:::;_Sh)r

K 125 L(vo_¢@._NuuUkuan_o_k_a_mu_Bn\/j

L | 2 H\ﬂ\wo_Q,@._.nwuuama<ws:zau..ﬁ

M 315 fc—©¢_nuuuAMn’qm_c___u_uquN

N 500 AFO_ﬁv.@_NNuuammqm_o:xazﬁ

P | 800 4(10_$©_~NuuAua<w5:;;N_u

Q | 1250 fo0 1 .@_NNuuAmmqm_o:za:S

b

R | 2000 _NNUUaMJ.\ 8fo ntie isjz 2 F
!
3 L] L g i LU

A Y = Use first sampling plan below arrow. If sample size equals, or cxceeds, fot or batch size, do 100 percent inspection,
Q = Us= first sampling plan above ammow. .
Ac = Acceptance number.

Rz = Rejection number.
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