National Exams May 2011

98-Ind-AS5, 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 ts 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 ~2— *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 tabies are attached.
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Question 1 (20 marks)

5 a) 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.

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

5 c) Describe recent trends in the supplier-producer relations and the purpose of
the quality certification. Explain briefly 1SO%000 and ISO/TS16949,

5 d) 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?

Question 2 (20 marks)

5 a) 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?

5 b) Discuss type [ and type 11 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=5, we obtained:

30 _ 30
> %/ =14,050 and ) S, =510
i=1 i=l

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

For the X chart in ¢), find the minimum value of k>0 for which the
probability of detecting the shift in the process mean from Hoto £y ko on

the next sampie following the shift is greater than or equal to 0.6 (/% and ©
are process parameters estimated in c)).

Question 3 (20 marks)

5 a) 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.

6 b) Assume the process is in control, but it still does not meet some desirable
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standard for the proportion of nonconforming 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
nonconformities:

Square meters of | 50 | 120 | 70 110 | 200 | 20 | 300 | 80 | 150 | 180 | 100 : 30 | 350 | 10 | 100
cloth inspecied |
Nonconformities | | 4 a s 510115 71] 4 |[12]6 2 e il 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 i and standard deviation o .

Find the ARL when the process mean shifts to 44 = 14 + 0.5
Question 4 (20 marks)

5 a) Assume that a quality characteristic is normally distributed with mean g .
Explain the difference between a confidence intervai for £/ and statistical
tolerance limits.

5 b) Should the process be in statistical control when performing capability
analysis? Why or why not? Explain the differences between capability

indices C p,C Pk,and,C' What is the relation between C and (i i 1

10 c) Suppose, for a given process, the estimates of C » and C & are 1.33 and

pnt 't

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
T =(USL+LSL)/2 '

if the target value

ot

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 levet {(LQL), average outgoing quality
limit. What 1s the effect of the sample size and the acceptance number on the
OC curve?

) b) Discuss the advantages and disadvantages of variable sampling pians over
those for attributes. Can the LOQL level be stipulated when selecting a
sampling plan using MIL-STD-105E7 When is sequential sampting
recommended?
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8 c) Item are submitted for inspection using MIL-STD-105E in lots of 800. The
required AQL is 1.5%. Consider normal inspection and general inspection
level 11. Find a single sampling plan using MIL-STD-105E. 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 2* factorial design and a 2" 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.

Duectility of an Alloy Based on Process Temperature and Pressure Settings
Pressure (kg/ cnt)

Temperature
50 | 100 150
o 50 44 75
150°C 65 49 80
40 25 86
(4]
250°C 45 30 88
o 72 62 60
0 60 71 62
Test at the 5% significance level to determine whether the factors or
interaction are significant,
4 &) Consider the data in question 6 b)

What are the desirable settings of the process temperature and pressure if a
higher ductility is preferred?
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0.0
.1 053983 054379 5477 055172 055567 g1
02 057926 058317 0358706 0.59095  0.59483 g2
03 081791 0672 062551 0eagen _0.63307 g3
04 065542 065910  0.69276 0.66640 067003 (4
0.5 0.69146. 0.69487 0.69847 070194 070540 o5
06 072575 072007 (73039 0.73565 073891 g
0.7 075803 076115 . 076424 076730 077035 g7
0.8 078814 079103 0.79389 . 079673  (.79954 0.8,
0.9 081594 081850 0821% 0.82381 082639 o9
10 084134 084375 084613 0 gagds 085083 10
Ll 086433 086650 086860 0.87076  0.87285 13
12088493 088686 (.ggp7y 0.89065 089251 19
13050320 0.90490 000658  0,00874 . 090088 13
14051924 092073 092210 092364 092506 |4
LS 093310 093448 093574 093699 093822 1.5
16 094520 094630 094738 0,94845 094950 16
L7 095543 095637 095728  (.05815 095907 17
18096407 096485 096562 006637 0.96711 1
L9 097128 097193 097257 097390 097381 19
20097725 09778 0.9783 097882 097032 20
21 098214 098257 098300 v 098341 pogagy 54
Z2 098610 098645 0.98579" 098713 098745 29
23 098928 098956  (.08983 0.99010 099036 2.3
24 099180 099202 099204 0.99245 099266 94
23099379 099396  .9941 099430 099446 7.5
26 099534 099547 099560 (90973 099585 2.4
27 099653  0.99664 V99674 099683 (99693 27
28 099744 099752 99750 099767 099774 =g
29 099813 099819 (99805 0.99831 0099836 29
3.0 099865 099869  g.99g74 099878 099882 3.0
31 099903 ° 099906 095910 099913 (99915 3
32 - 099931 099934 0.99936 C.99938 099940 , 3.2
33099952 099953 (99055 099957 (99958 33
34099966 099958  0.990g0 0.99970 099971 14
35099977 099978 (9997 099979  G99980 35
36 0.99984 099985 (99085 099986 099986 3.6
37 099989 0.99590 " g'a9000 099990 099997 37
3.8 099993 (99993 90903 099994 (99994 1g
3.9 0.99995 099995 (99005 09999 099996 ¢
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z 0,05 0.06 0.07 0.08 (.09 z
00 051994 (52392  0.52790 053188 0.53586 g
0.1 055962 056356 0.56749 0.57142 057534 01
0.2 059871 060257 0.6064 0.61026  0.61409 02
0.3 063683 064058 06443 0.64803  0.45173 03
0.4 067364 067724  0.6808 0.68438 068793 04
0.5 070884 071226 0.71566  “0.71904 072240 .5
06 074215 074537 0.74857  0.75175 075450 g
0.7 077337 077637 (77035 078230 078523 7
0.8 080234 080510  0.8075s 0.81057 081327 08
0.9 082894 083147 083397 033646 -0.83891 0.9
A0 085314 C 085543 . 085769 0.85993 086214 1
LI 0.87493 . 087697  0.87900 0.88100  0.88297 1.1.
12 0.89435 089616 .8070¢ 0.89973 090147 12
13 081149 091308 091485 091621 091773 13
L4 052647 092785 goaom 0:93056 "0.93189 14
15 093943 094062 094179 094295 094408 1.5
L6 * 095053 095154 95254 - 095352 0.95448 16
17095994 096080 096164 096246 096327 17
18 096784 096856  0.96026 0.96995 097062 18
19 097441 097500 097558 0.97615 097670 19
20" 057982 098030 093077 0.98124 098158 29
1. 098422 008461 098500 0.98537 098574 2
2.2 098778 098809  (.93340 0.98870 098899 21
23 099061 = 099086 0.9911 0.99134 099158 23
24 099286 099305 0.99324 0.99343 099361 24
23 059461  0,99477 099492 099506 099520 1935
26 0.99598 099609 (09942 099632 099543 26
L1 099702 059711 (.99720 099728 099736 27
18 099781 099788  0.09705 0.99801 099807 2.3
9 099841 099846 0.99851  0.99856 " 099861 79
30 099886 099889  (.99593 0.99897 099900 19
31 099918 099921 99924 0.99926 099929 3
32099942 009944 o004 0.59948 099950 32
33099960 099961  0.99962 0.99964 (99965 13
34099972 059973 09974 0.99975 099576 34
30 099981 099981 g .g9ggo 0.99983 099983 . 3.5
36 099987 099987 99988 0.99988 099989 3¢
37 099991 099992 (99009 0.99992 099992 37
38099994 099994  ('0ggg5 099995 099995 33
3.9 099996 099996 (99005 0.99997 099997 g

Page 6 of 10 Pages

————

A-7

98-Ind-A5 - May 2011




) — oy
L . 2
£ £ <
(1 —ugph — Wzt
.IIIIIL +1="9 A= ~-1=%
5 £
— I upT u &=
3 ’ =2 .L> = iy H\,l =V
- (1~ £ £ :
ST < ¥y
I#ST  65F°0  9S8'0 . S08'L 8040 S0 IE6E Oyl 6650 SEFl €960 COTOT 96860 9090 E51°0 0090 5T
PSSP0 TE0G  6SLL TILO0  [95ZD C6%EF ST 6¥CO  SvRT SEC0 6010°T THBEQ 6190 ISI°0 Zi90 ¥z
LSS €0 9009 QOFL1 SIL0 TESTO 8S8E BEYT  GESO SE¥L SvE0 $LIOT  LBRGO ££9C 2910 9290 a7
95T VEPO  6L6'C 6591  OZL°0  819T0Q SI%E EMPL 8IS0 9%l $ESD GII0T  TBES0  Lv90 910 0¥90 44
CLS'L  ST¥0 ESES SO9T1  YILO  LPSTO  8LLT 6SPT SIS0 LivD £25°0 STIOT  9L860 £9%0 £L1°0 3590 Iz
CHGT ST QO o 126C  &6p5°t 6CL°0 LI9T0  SELE. OLFY POSO 06Y1 OISO £510°1 69860 0850 O8I0 1490 0z
L6S'T  COv0  T168°¢  L8F1  FELG TVLTO  689°€  £8F1 060 £0STT  L&PO OFIQTE 79860 8650  LBL'G  BEID 61
8091 ter'd  9S8°C  +vip |l 6L LELT0 0P 96¥1 SLYO 8ISt T8PO BrI101 $S86°0  BIL0 w0 LOLG 81
TZ91  BLEO  OTES  SSET  BRLO  LBLTO . 83C%  TIST  BEYO  WEST  99F0 LSIGT  SPBEO  6EL0 £0TO  8TLO LE
£€9°1  £9€°0  TELE  T/TL OSLa TESTO TESE 9ISL OFVO  TSSTE PO 89107  §EBE'O° £9L°0  ZITC 06470 9l
£59°1  LPEO 1RLS €0Z1 9560 OBBTO  TLEPE  FPET ITPO ZLSTT BTFD 0RI0OT  EEB6Q  68L0 £TT0O SLL0 cl
TLST §TE0 96%¢  SIIT £9L0  SEGTO  LOPE €951 66€0  #EST  90P0 P6IOT  0186'C LI8Q <SgTd  TOSO il
£691 LOS0  L¥SS STOT 0LL0 86670 9EEE  §BSH ¥LEG  BI9 Z8€°0° OIZOd +6/6°0 0§80 6FC0 ZEBO £l
(LT £8T0 +65S  ZZ6G  BLLD  &90E0  8STE  OIVY 9yE0 9Pl FEED [y 9LL6'Q 988G  S9T0 9380 cl
POl 96Z0  SESS IR0 LBLO TEIEQ  €LUE  LE9T €£1£0 6491 TTE0 TS0V vSL60  LTE0 S8TO SD6C 11
LLLT  EZZ0  69FC (890 L6LG  GYEED  8L0E 6991 9LTO0  91LT  ¥8TO 1820°F ' LTL60 £L60  B0£0  6F60 ol
9181 - #3[°0  £6£C (bSO 8080 (9ECO  QLET  LOL1  ZETO I9LT  GETO LTEODT ,.€696°0 TEQL LES0 QOO [+
F98°1  9EI0 Q0SS §3T0G  O0E80 TISEQ Lip8T  ISLT 6LTG SIfL -SBIO £9€0°T 0960 6601  ELE0  iSO'E 3
FIET  9L00  #OTS  HOTO ££3°0 84980  POLT 9081 €II0 738l BLLO fTRYL  P6SE0 Z81'L &ivD  PELL L
PO0T 0 8L0€ 0 SPE0  OPEED  YEST  VL8T  6ZG0 0461 0E00 QIS0 L GIS6'0 L8T1  eBv0  SETI g
SI¥T 0. BI&d 0 980 66CF0 9TET  ¥96'1 0 680%¢ 0 8E00°1  00k&0 L1 LLSO  TEE <
8T 0 B69P 0 0880 LSBFC 6SOT 8R0T 0 99T¢ 0 +680°T  EIZE0  8IHT  SZL0 005 ¥
SLST 0 85¢¥ G 8880 L0650 691 SLTT 0 895C 0 PSTIl 9880 Sl 61 ZELE £
{19T°¢ G 989t O ESR0O  S988°0 8TIl T 909T 0 L97¢ 0 CECTY  HL6L0 6597 0881 HTIT @
u.Q. ﬂQ HQ _Q JG Hﬁk.ﬁ NNH om nm wm nm qu\m 5] mf\ n«u v u .uﬂagm
SIALIY [ONuU0D) JOJ Si0)e g U 121U37) S (00T JOY S10108Y QUIT IAUA) SN [0RUO]) "y
SUONHEBATISD)
103 30108 30] $10}08, 10} S10198. d
s38eI5aY 10] LEYD)

sa8uey L0] HeyD).

SUOTEAS(] PREPUEIS f0] 1TRYD)

513ET) OO

.mﬁnﬁ«tﬁ? Sunonnsuony Jo) s1o3ve]  jA Mpuaddy

98-Ind-A5 — May 201 ]

Page 7 of {0 pages




]

equiou uoISHIY - 3y

qune Toauidssy & oy

"Gl waoqr uepd Junduwies 1 o5y - @

“uorpadruy wemued g op .u.u.n HRING 30 20| “Spoia so spenbo s1i S(dures [ aelult mepaq usld Swndiess 1ang s = Q

AT Y
TS vt oty s slv ol Tz oo ooz | u
@ orzfsi vijiparfe Lo sfe clc Tz 1 | C ofasmi | b
N_nnw_:o_mhmn«mmwﬂ_‘oﬁv_ a\/ﬁ 008 a
z 1zist st otle Lo sy £ le oz |z oo 1o 035 I
o T s |
N...._~n_::o_»n.mnwmmmﬂ_.Q.Amwv_os\ﬁ SIE H
ww:n_::n_u...unvnmmn~¢©_o.\ﬁ o | 9
vn_m.ﬂ::ewhumvnmﬂm_LﬂWLrl.rho\Jr T *
F\H::::o:ﬁun~nn«~_.D.Au._o o ‘
xﬁ_mn._:o:nwnnmnﬂmn¢¢_c o5 H
zulstsfaote L9 sfy cfe zlo1 |4 e @ b)
1 i i R U NI G G G Ce I s O oz (4
Af\nvﬂ_ﬁonﬂ::z:o_mhun+nnnH_¢¢_o €1 3
/\h daad i R CUN) LNCE) O O LR IR LR e P O g a
?s_ﬂo:ﬂaﬂ::euh_.en¢MﬂH~_AW@__V s 3
Svowbile oclzrozfst wifat oila Ll sfr £t zlr 1 <Lt o £ B
1€ atfzz s)si s oofs e siroeqe zfz oo [ v o |9 . p Ll:.!ig 1 0 ) b4
Y V(9 Y| 3Y 3wy av uxu<_uxu<u¢u<u~..;.u«.uxu( *d 2V |39 V(Y Ay [y v |3y aylay owioy v vy ovl|ayg ov|sy avisy oy 24 v |2y aviasyg awlay av] oy ov| 2y oy
P
@t asy | 00w ot oost (oot | o9 [ ow | 2 o | o [ s | 0w | e | e a1 [ 590 | or0 | 70 | s10 | 010 | 5900 | owee | sioo | siwa| gl0D u_wm”m_ o
7 ] 3jdureg
(uogpadsup pousion) sasy Lipm »iqndasy

(V-IT 91921 "3601 ALS TIW) UIfHLIeg S[Eutg—UondStsi] (ewlon 30) Sjqe [ 19358)y  S-C[ S[qEL

98-Ind-AS5 —~ May 2011

Page § of 10 Pages



Table 14-4  Sample Size Code Letters (MIL STD 105E, Table 1)

Lot or Batch Size

Special. Inspection Levels

S-1

S5-2 S5-3

(%]
T
i

General Inspection Levels

!

11 11

208
91015
1610 25
26 10 50
511090
91 10 150
151 10 280
287 to 500

501 to 1200

1201 to 320G
3201 to 10000
t0001 to 35000
35001 to 150000
150001 to 500000
500001 and over

Do oO o000 D mWmE D oo

Mmoo oO0O0NT @D > >
TOoOOTTIno oo oD wr> >

e w M OQOTMHMmMmOO0N > >

ZErAR—-IO@DME@BIOOQE> >

OYZZrR=-TnommoOx>
WMOUWZECOR—ILQBEOTOT
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