
National Exams May 2016 
98-Ind-AS, Quality Planning, Control and Assurance 

Notes: 
I. 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 oftt:vo calculators, the Casio or Sharp approved models. 
4. Candidates are permitted to bring into the examination room one aid 

sheet & Yz 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 arc attached. 
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Question 1 (20 marks) 
a) Describe briefly the purpose of a quality plan and discuss the diffe re11ces 

among the strategic, tactical and operational quality planning. 

b) Summarize the key elements of TQM. What is the difference between the 
traditional TQC and modern TQM? \\'hat is a quality circle? 

c) Explain the difference between Taguchi's definition of quality and the 
traditional definition and the corresponding loss functions. How would you 
summarize Taguchi's approach to qual ity improvement? 

d) \Vhat is the purpose of quality certification and prizes in quality? Describe 
hrietly the structure of lSO 9000. 

Question 2 (20 marks) 

a) Explain how the traditional control charl<: can be used to control "trend" 
process such as " tool-wear" processes. Explain the difference between the 
engineering process control and SPC. EWMA chart is frequently used in 
industry for both EPC and SPC. Explain the rationale for us ing EWMA for 
both types of control. 

b) Samples of n=4 units are taken from a process every hour. The.Kand R 
values for a particular quality characteristic are determined. After 30 samples 

have been collected, we calculate X = 20 and R = 4.56 . Find the 3 sigma 
control limits for both x and R charts. Estimate the process mean and 
standard deviation . If the process mean shifts to 25, what is the probability of 
not detecting this shift on the two subscquenl samples following the shift? 

c) Consider the data in 2b). To control future production, find the minimum 
sample s ize n for the X chart such that when the process mean shifts .from the 
in-control value to 23, the average run length is less than or equal to 4. 

Question 3 (20 marks) 

a) Draw a typical product life cycle curve and explain the three phases in the 
evolution of a product failure rate. 
Describe the probability distributions nsed to model the three phases. 

b) Provide the definitions of the reliability function, density function, failure 
rate and the mean time to failure and show the formulas for the exponential 
distribution. Explain the meaning of the memoryless property of the 
exponential. 

IO c) The specimens of a new electric insulation are life tested. The fai lure times 
in hours are as follows: 
303,46~ 96 1, 1153, 175,521,61~ 713, 665,685 
Plot the data on the attached Weibull paper and estimate the shape parameter, 
the characteristic life, and the mean time to fu ilure. 
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Question 4 (20 marks) 
5 a) Explain why two control charts are used for variable data and only one chart 

for attribu.le data. What is the difference between p chart and np chart, c chart 
and u chart? 
Explain why in a real situation, an inspection unit is frequently defined as 
several physical units, for example l inspection unit may consist of 4 pmts. 

6 b) Assume that for a p chart, the lower control limit is zero and the proportion 
of defectives in a sample is zero. When would you stop the process and 
search for an assignable cause and when you would not? Explain. 

9 c) The number of workmanship nonconformities observed in the final 
inspection of disk-drive assemblies has been tabulated as shown below. Set 
up the appropriate control chart with 3 sigma limits. Revise, if necessary. 
Estimate the in-control mean number of nonconformities per assembly. 

Day I. 2 3 4 5 6 7 8 9 10 
No. of 1 3 2 4 2 1 3 4 2 4 

assemblies 
inspected 

Total No. of 8 21 10 30 18 10 20 24 15 26 
nonconfonnitie.s 

Question 5 (20 marks) 
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 stage is it applied? 

b) .Provide n brief description and usage of the Taguchi Methods. Exp lain the 
following: signal-to-noise ratio; inner and outer array, linear graph, graph of. 
marginal 1Lverage.s. Discuss the limitations of the Taguchi Methods. 
Give examples of robust design for a product and a manufacturing process. 

c) An automobile engineer wishes to study the effect of speed on the quantity of 
10 carbon monoxide emissions. Although attention will be fixed upon a single 

make of automobile travelling at different speeds, it is known that the 
cxtcmal temperature has an effect The tests are run at 15, 20 and 25 mph, lhe 
blocks being determined by the external temperatures of 20 ·F , 40 · F and 
60 ·F . The table below contains the emission test data (in grams per vehicle 
mile). 

Mph 
Temoerature ( •F 

20· 40' 60• 
15 104 92 78 
20 88 70 62 
25 70 56 so 

Is there ao indication that speed has an effect on the emission? ls there an 
indication of the block effect? Formulate and test the appropriate hypolheses, 
both at a = 0.05 lcvcl of significance. 
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Question 6 (20 marks) 
a) What is the purpose of acceptance sampling? Explain the difference between 

the acceptance sampling by variables and by attributes. Compare 
MIL-STD-l05E and MIL-STD-414. They arc both AQL-based. Explain 
what this means. 

b) Describe brieOy the two types of the Dodge-Romig sampling plans: L T'PD 
and AOQL plans. Compare with the AQL-bascd plans. 

c) Items are submitted for inspection using h1IL-STD-l05E in lots of size 400. 
The required AQL is 1 %. Consider normal inspection and general inspection 
level ll. Find a s ingle sampling plan using MIL-STD-105£. Calcu late the 
producer's and consumer's risk for the selected sampling plan if LQL is 
equal to 5~~. 
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Append.Ix II Cumulative Standald Nonnal Dimibution 

_.::; <t>(z) = f' _l_ e-""' du 
-- ffir 

0 

.i: 0.00 0.01 0.02 . O.D3 0.04 l 

0.0 0.50000 0.50399 0.50'.198 0.51197 0.51595 0.0 
0.1 0 .53983 0.54379 C.54776 0.55172 0.55567 O.J 
0.1 0.57925 0.58317 0.58706 0.59095 0.594&3 0.2 
o.s 0.61791 0.62172 o.62551 0.62930 0.633C7 0.3 
0.4 

~ .. 0.65542 0.65910 O.Gi276 0.66640 0.67003 0.4 
0.5 0.69146 0.69497 0.69847 0.70194 0.70540 0.5 
0.6 0.72575 0:729rJ7 0.73237 0.73565 0.73"891 0.6 
0.7 0.75803 0.76115 0.76424 0.76730 . 0.77035 0.7 
o.s· 0.78814 0.79103 0.79389 0.79673 0.79954 O.R 
0.9. 0.81594 0.81859 0.&2121 0.82381 0.82639 0.9 
1.0· 0.84134 .0,84315 0.84613 . 0.84849 0.85083 1.0 
1.1 0.!16433 0.86650 0.86864 Q,87076 0.87285 1.1 
1.2 0.88493 o.88686 0.88877 0.89065 0.89251 1.2 
l.3 0.90320 0.90490 0.90658 0.90824 0.90988 1.3 
1.4 0.91924 0.92073 O.Y22l9 0.92364 0.92506 1.4 
LS 0.93319 "0:93448 0.93574 0.93699 0.93822 l.S 
1.6 0.94520 0.94630 0.94738 ·o.91845 0.94950 l.6 
1.7 . 0.95Soi.3 0.95637 0.95728 0.95818 0.95907 1.7 
l.8 0.96407 0.96485 0.96562 0.96637 0.96711 1.8 
l.9 0.97128 0.97193 0.97257 0.97320 0.97381 1.9 
2.0 o.nns o.91ns 0.97831 0.97882 0.97932 2.0 
'2.l 0:9B214 0,98257 0.98300 0.9834i 0.98382 2.! 
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 0.99379 0.99396 0.99413 0.99430 0.99446 2.5 
2.6 0.99534 0.99547 0.99560 0.99573 0.9958S 2.6 
2.7 0.99653 0.99664 0.9!>6J4 0.99683 0.99693 2.7 
2.8 0.99744 0.997.52 0.99760 0.99767 0.99774 2.8 
2 .9 0.99813 0.99819 0.99325 0.9983 1 0.99836 2.9 
3.0 .0.99865 0.99869 3.99S74 0.99878 0.99&82 3 .0 
3.1 0.9j;l903 0.999<!6 0.99910 0.99913 0.9~16 3.J 
3.2 - 0.99931 0.99934 0.99936 0 .99938 0.99940 3.2 
3.3 0.99952 . 0.99953 o.99955 0.99957 0.99958 J .3 
3.4 0.99%5 0.99908 0.99959 0.99970 0.99971 3.4 
3.5 0.99977 0.99978 0.99978 0.999'19 0.99980 3.5 
3.6 0.99984 0.99.985 0.99985 0 .99986 0.99986 3.6 
3.7 0.99989 0.999!10 .• 0.99990 0.99990 0.99991 3.7 
3.& 0.99993 0.99993 0.99993 0.99994 0.99994 J.8 
3.9 0.99995 0.99995 0.99996 0.99996 0.99996 3.9 
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Apperu!iJ<: U (Condn=I) 

r~ l c;ll(~) :o; ·-·- e -uvi d11 
- .ffTr 

z: o.os '0.06 0.07 0.08 0.09 z: .. 
0.51994 0.52392 0.52790 0.53188 0.53586 0 .0 o.o 

0.1 0 .. 55962 0-~6356 Q.56749 0.57142. 0.575~4 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 
0.4 0.67364 0.67724 0.6&082 0.68438 0.68793 0.4 
o.s 0.70884 0.71226 0.71566 ' -0..71904 0 .72240 0.5 
0.6 0.74215 0.74537 0.74S57 0.75175 0.75490 0.6 
0.7 o.n337 0.77637 0.7793.5 . 0.7623(} 0.78523 0.7 
0.6 0.80234 0.80.510 0.80785 0.81057 0.81327 0.8 
0.9 0 .82694 0.83147 0.83397 0.8364-6 ·0,83891 0.9 

"f . .Jl.0 o.ss314 .. 0.85543 0.85769 0.85993 0.86214 1.0 
1.1 O.S1493 0.87697 O.S7900 0.88100 0.88297 1.1 
1..2 0.8943.S 0.89616 0.89'}% 0.89973 0.90147 1.2 
I.3 0.91149 0.91308 0.91465 0.91621 0.91773 1.3 
1.4 0.91647 0-92785 0.92922 0:93056 0,93189 1.4 

l.S 0.93943 0.94062 0.94179 0.94295 0.94408 LS 
1.6 0.9~053 0.95154 0.9.5254 0.95352 0 .95448 L6 
1.7 0.95994 0.96080 o.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 l.9 
2.0 ' 0 .97982 0.98030 0.98077 0.98l24 0.98169 2.0 
2.1 0.98422 0.98461 0.98500 0_9g,537 0.98574 2.1 
2.2 0.98178 0.98809 0.98840 0.98870 0.98899 2.2 
2.3 0.99061 0.99086 0.99lll 0.99134 0.99158 2.3 
2.4 0.99286 0.99305 0.9~24 0.99343 0.99361 2.4 
2.5 0.99461 0.99477 0~92 0.99506- 0.9952-0 2.5 
2.6 0.99598 0.99609· 0.99621 o.9'§032 0.99643 2.6 
·2.1 0.99702 0.997tl 0.99720 0.99718 0.99736 2.7 
2.8 0.99781 0:99788 0.99195 0.991101 0 .99807 2.8 
2.9 0.99841 0.99&46 0.99851 0.99856 . 0.99861 2.9 
3.0 0.99886 0.99889 0.99893 0.99897 0:99900 3.0 
:u 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 0.9997§.. 3.4 
3.5 0.9991<1 0.99981 0.99982 o.99983 0.99983 - ~-5 
3.6 0 .99987 0.99987 0.99988 0,999~8 0.99989 3.6 
3.7 0 .99991 0.99992 0.99992 0.99992 0.9~992 3.7 
3.8 0.99994 0.99994 0.99995 0.99995 0.99995 3.8 
3.9 0.99996 0.99996 Q.99996 0.99997 -0.99997 3 .9 

{ ' 
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Appe11dix Vl Fae.tors for Consc.ruct;n& V;uiaQlts Control Chafes ---- __ ,.. __ ........ 
Chan for A venge.s Chm for Stand3ld De·~i:ttions Ourt for Ranges 

Obse."YatiDps Factors for Factors for Factors for 

in Control Li1!'..i ts Centc1 Line Factors for Control Lim.its Ccntec Line F=ors fot Control Limits 

Sample,n A Al Al c, 1/C4 B, B,. 85 B6 dt lid: d, D~ D2 D3 D, 
2 2.121 1.880 2.659 0.7979 1.2533 0 3.267 0 2.606 U28 0.8865 O.ll5J 0 3.686 0 3.267 
J l.7'.32 l.01.J 1.954 0.8862 Ll234 0 2.568 0 2.276 1.693 0.5907 0.888 0 4358 0 2.575 
4 1.500 0.729 l.628 0.9213 l.0854 0 2.265 0 2.088 2.059 0.4&57 0.880 0 4.698 0 2.282 
.5 1.342 0:577 J.421 0.9400 1.0638 0 2.08:1 0 1.964- 2.326 0.4299 0.864 0 4.918 0 2115 
6 l.225 OA83 1.287 0.9515 l.0510 0.030 l.97) 0.029 1.S74 2.534 0394<i 0.848 0 5.078 D 2.004 
7 l.134 0.419 J.182 0.9594 1.0423 0. 118 1.88"2 0.133 1.806 2.704 0.3698 0.833 0.204 5.204 0.076 1.924 
8 l.061 0.373 1.()99 0.9650 UJ3~3 O.JSS 1.815 0.1'/9 1.75 1 2.&47 0.3512 0.320 0.368 5.306 0.136 1.864 
9 l.000 0.337 l.032 0:9693" 1.0317 0.239 1-761 0.232 J.'107 2.970 0.3367 0.808 0.547 5.393 0.184 1.816 

10 0.949 0.308 0.975 0.9727 ,' l.021H 0.284 I.716 0.276 l.669 3.07& 0.3249 0.797 0.6&7 5.469 0.223 1.777 
/\ 11 0.905 0.285 0.927 0.9754 l.0252 0.32! L.679 0.313 1.637 3.173 0.3152 0.787 0.&11 5.535 0.256 l.744 
/\ 12 0.866 0.266 0.886 0.9776 1.0229 0.354 1.646 0.346 L61D 3.258 0.3069 0.718 0.922 5..5-94 0.283 1.717 '""e 
::» !3 0.832 0.249 0.1150 0.9794 1.0210 . 0.38l 1.613 0.374 l.585 '.UJ6 0.2998 0.77-0 l.025 5.647 0..307 J.693 

01= 
Ct 14 0.802 0.235 0.817 0.98!(1 J.0194 0.406 l.594 0.399 !.563 3.'107 o.ms 0.763 l.118 5.696 0.328 1.672 
-..J 15 0.775 1).223 0.789 0.9823 1.0180 0.428 1.572 0.421 l.544 3.4?2 0.2.880 0.756 t .203 .5.7~1 0.3~7 l.65'3 
0 

16 0.750 0212 0.763 0.9835 1.0168 0.448 l.552 0.440 1.526 3S32 0.2831 0.750 l.2&2 5.782 0.363 1.637 ....,, 
...... 17 0.728 0.203 0.739 0.9!!45 l .0157 0.466 l.534 0.458 l.511 3.588 O.Z7B7 0.744 1.356 5.821) 0.378 J.622 

~ I& 0.707 0.194 0.718 0.9854 !.0148 0.482 l.518 0.475 ).496 3.640 0.274.7 0.739 1.424 5.856 0.391 1.608 
19 (l.688 0.187 0.698 0.9862 1.0140 0.497 1.503 0.490 l.483 3.689 0.27) l 0.734 l.".-87 . 5.&91 0.403 1.597 
20 n.671 0.180 0.6&0 0.9869 1.0133 0.510 l.490 0.504 1.470 3.735 0.2017 o:n9 1.549 5.921 0.415 1585 
2l 0.655 0.173 0.663 0.9876 l.0126 0.523 1.477 0.516 l.459 3.778 o.~; 0.724 l.605 5.951 0.425 l.575 
22 <l .640 0.167 0.647 0.9882 1.01 [9 0.534 1.466 0.528 l.448 3.819 0.2618 0.720 1.659 5.97~ 0.43'1. l.566 
7.3 0.626 0.162 0 .633 0.9887 J.0114 0.545 1.455 0.539 1.438 3.851t 0.259'1 0.716 l.710 6.005 0.443 l.55i 
24 0.612 0.157 G.619 0.9892 1.0\09 0.555 1.445 0.549 1.429 3.895 Q.2S67 0.712 1.759 6.031 0.451 LS4R 
2.5 . 0.600 0.153 0.606 0.9896 l.0105 0.565 1.435 0..559 1.420 3.931 0.2544 o.1oa 1.806 6.056 0.459 1.541 

For 11 > 25 
A ~ 2. 3 4(11 - l) A,--, c:.. ~---. .;-;.· c, ,[;; 4".-'..1 

. 3 s. ~ 1 + 3 
S,= 1- - - --. 

c • ../2~,. - 1)° c.~ 

~ B, = c. - - -
3 

-..=:, 
3 

..... ·B,=c,+~ . 
lJl ./2{n - !} ..,,..(n - l) 
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F.,.,,.,_., 

~ 1 2 3 
De~ C( .!Rc<loni (gr die CUllle(JltO<" (v,) . , l 4 s 6 1 g ' 10. 11 IS ~ 24 30 40 &3 I~ .. 

l 161.4 199.S 215.7 12-4.6 2l0.2 :m.o 236.S 238.9 2<1()..5 141.9 243.9 .'.245.9 2~..0 ;t.49.l· 2.SC.l 2$1.1 252.1 253..'.l 2.$4.3 
2 1g.sl . .IMO 19.16 19.lS 1.9.31) JUJ 19J5 ·19.37 19..:ia !9.44 19.41 19.43 19.4:5 19.45 19.""5 19.47 J,9.4& l!l.49 195} 
')... • I0.13 9..SS 9.18 9.12 9.01 8.9-1 t.29 us UI 8.79 a.74 8.70 M9 8.64 8.64 8.59 6.$7 85:5 8.53 
4 7.71 6.9-C 6.59 6.39 6.2.6 6.16 6.~ 6.0.. 6.00 j,% .5.91 j ,86 5.80 S.TI J.15 5.12 U9 S.6Q 5.63 
5 6.61 ,5.19 .S.4[ . S.19 5.C) J.,95 4.SI 4,32 4.T1 4 .'74 4.68 4.Gl 4.56 4.SJ 4.50 4.-46 4 ,.() -4,40 4.36 
6 .S.99 5.!4 .ol.76 " . 4.53 4.39 4.28 4.1! 4.l.S <..10 4.09 . 4.00 3S4 2.&7 1.r..: 3.8! J.71 3.74 3.70 3.67 
7 5.59 .1..74 .us 4.12 ' 3.'17 3.57 3.79 3.7) 3.68 3.~ 3.57 . :I.SI 3.-<4 ).41 3.38 3.34 J.:?0 3·.17 3.2.3 
8 5.32 4.46 A.ci J..84 '.l.69 3.sg 3.50 H4 3.39 3.35 3.U :3.12 ~.rs 3 .ll J.011 3.04 3.01 2.97 2.93 
9 5.12 4.26 3.86 3.63 l.48 3J7 3.29 3.23 3.IS 3.14 . 3.0l 3.ll l W4 2.S·J 2.86 2.83 2.19 2.15 2.?! 

/\ . 10 4..96 4. 10 3.71 ~M . 3.33 ).22 l.14 • 3.f11 ) ,02 2.98 2.91 2.!S 2.77 2.14 -i.to 2.GG 2.61 2.5$ ~ 
/\ 
"'O :£ ll 4.H :l.9S 3.59 ) .]6 3.20 3.09 :l.Ol' 2.95 HO 2..8$ 1.19 '2..T.l .2.65 1.61 2.57 2..s:i l.49 2AS '2.-4<) 

ll> 0 12 4.7:S 3.S!) 3.49 3.l6 ).11 3.00 2.91 2.S$ 2.8~ 2.75 2.69 2.62 2.5' lj! 2.47 2.-;'J l..3& 2..34 2.30 
OQ .J 13 '4.67 3.81 3.41 3.18 3.03 2.92 2.33 i:n 2.'1 l :.67 2.~ 2.53 2.4<i 2.42 '2...3£ 2..34 '2.20 2.JS 2.21 (I> 

00 14 4.60 3.N J.34 3.!I .2..96 :U;S 2.'/G . ;i..70 2.6.l 2.60 2.S:l 2..A6 2.39 2.JS 2.J·: 2.27 2.22 2. l& 2 .1) 

0 ~ !S 4~ l.GS i>.29 3-06 lSQ 2.19 2.71 2.~ 2:$9 2.54 . 2.48 2.-40 '2..33 2.19 l.2! uo 2.16 2.11 2.07 
....... 16 4.<9 3.63 3.24 3.01 2.SS 2.7-1 1.<>S 2.59 l.SA 2.<9 1 . ..:2 .2.3l 2.28 U 4 1.15 '2.. l !' 2. ll 2..06 201 e 11 ~AS 3.S9 J.20 2.96 2.81 '2.79 2.~I 2.15 2.49 2.4.S 2.38 ·2Jl 2..2.l 2.:9 2.15 2.10 2.06 2.0l 1.9!> 

~ ! 18 <l.41 3.SS J.J6 '-~) ?.77 2.66 2..58 '2.51 lM 2..41 l~ 227 2,ISI 2.15 2.11 2.06 '2.02 1.97 1.92 

~ 19 4,3 ~ 3..52 3.1' 2.90 1.74 1.6:1 . 2~ 2.~8 :Z.42 2:l8 ' 2.:.l l 2..23 2.IG 2.!I ·un 1.m I .~ l.93 l.89 

"' l'J 4.J.S 3.49 3.10 2.37 2.-;t 2.60 2.51 2 .{S 2.39 2.:1.S 2.28 2.10 2.1:. l.C3 2.C4 1.95 1.95 1.90 1.Sd 
:I .:::: '21 02 3.47 3.07 ;!.3'1 ~~& 2.S7 2.49 2A2 ::Z.~7 2.32 2.25 2.15 1.10 :.os l.01 l.96 1.92 L&1 1,61 

0 :u. 4.30 3.-44 3.0S :LU 2.60 2..15 2.'4<i 2.40 .2.34 .2.l(j 2.2.3 2.l5 un 2.03 l .Jl8 J.94 1.69 i.s~ 1.78 

g 23 ~.28 3.42 3.03 . 2.&I) ?.~ 2.53 2.-44 2..37 :l..J:l 2.27 2.10 l.13 2.os 2.01 1.96 1.91 1.86 1.81 1.7~ 
, 24 06 'AO 3.01 2.7g 2.62 ~.SI 2.42 226 l.'.lO 2.2.5 2.18 :?.II 2.0J 1.98 1.94 l.89 1.84 l.'79 1.73 

Q 25 4 .14 J.J9 ?.99 2 .76 2.60 L.49 2..40 2.H 2.28 2.24 1. ;6 2.09 2.0l \.96 1.92 ( .~7 1.U 1.77 l .71 
26 -'1.23 ·3.:n 1.9& 2.14 'l.59 2!17 1..39 2..32 2.71 222 1.15 z.cn 15'9 l.9S J.90 1.8.S l.M 1.75 l.69 
27 4.21 3.JS 2.96 2.i3 2..57 2.46 2.37 ~I 2.2S 2.10 2.13 2.06 1.11'1 l.9l !.&& 1.&4 {.71) i.n I.GI 
2B 4,W 3.34 2.95 2.il 2.S6 ?.-4S 2.36 1.29 l .24 :2.19 2.12 • 2.04 l.96 1.91 1.57 1.82 1.77 1.71 l,ES 

:19 ~.18 :l.3} 2.93 2.70 '2.SS 2.~3 1..35 2.28 i:a 2.18 2.IO 2.03 1.94 1.90 L85 I.SJ 1.75 1.70 1.64 

30' 4.17 nl l.92 2.69 2...53 2.42 1.33 2).1 2.21 2.!6 1.09 2.01 1.93 1.89 l.M 1.79 1.74 !.58 l.61 
40 4.0S 3.23 2 .. M 2.61 1.45 ~ us 2.18 2.12 l.08 2.00 . 1.92 1.84 1.79 1.74 l.69 1.64 u s !..SI 
~ Al.00 ). IS l.76 2.Sl 221 Z.25 2.17 2..10 2.04 1.99 1.92 Ul4 L75 J.i O t.65 \.59 1.:l3 L.<7 1.39 

12() 3.92 3.07 2.68 2.<S 2.29 2.17 2.09 2.02 1.96 J.91 l .Sl 1.75 l.66 1.6! J..S~ 1..\5 l.-0 1.3, l.l5 .. J.84 3.00 2.60 2.Ji :u: 2.10 2.01 1.94 l.&8 U:l 1.75 L67 l.57 IS.! 1..46 l.39 1.31 1.22 J.00 

Note: Fo.n :-..,,. - .l!F~.., •• ,. 



Availabl~ lr<>m: Campus 6ool<3:cxe, Ou.,.,n·~ Unlvorslly, Kir19slO'I. Onlar'o. Canada. K7L 3N6 

~ 

CUMUl.All\'f PEFI C'ENT. fAllVJl ~ 
.., 
~ 

Q t .. 
? ? ! .. .. v . 0 

... w "' 0 0 0 0 ~ ., :; .. ; 

I ; I ~ 0 
'I> 

_,_ 
"";:: ... !:' 

" I 
··- 1-- -o:,) ::.: ~ <: ,., 
- -· -·· - ~): ;i . 

~ r ~ i I= 
'- :: I: 

.. .,, 
~ ~ f- n ,.. ,_ .... -c .- g ,, .. ' .... 

"' t- 1: 

~ 
.... .... .. 

t.. 
... 
.... I: 
,.... 

- .... 1-M 
_., 

-<' i I- .... ..... !: ~ :! ~ . 
I- ".:...i ;' ~ m 

~-
l>' ca " 

/\ ~ c 
/\ 

_,. r 
"' ~ --- r 
"' ~ I-

.,, 
\.,:) ::0 
0 -ea 0 ....., 

~ t:O I- ~ 

)> v ~ v tc 
" r 

I ~ 
.. () 

I 
)> 
:0 
~ 

.. ~ ~ "' 3· :; 3 3 "' ; ; ! c =· 3 )'l ~ "' ,... ,. .. 
~ .. c .. 

-- y ~ ~ z 

I 

.~ -• 



Lor or Batch Size S- 1 

2 to 8 A 
9 to 15 A 

16 to 25 A 
26 to 50 A 

51to90 B 
91ro 150 B 

151 ro 280 B 
28l to 500 D 
:>Oi to L200 C 

1201 to 3200 C 
32Ul to 10000 C 

!0001 to 35000 C 
35001 to150000 D 

150001 to 500000 D 
.500001 and over D 

Spedal.lni;pcction Levels 

S-2 S-3 

A 
A 
A 

a 
B 
B 
c 
c 
c 
D 
D 

D 
E 
E 
E 

A 

A 
B 
B 
c 
c 
D 
D 
E 

E 
F 
F 
0 
0 
H 

S-4 

A 
A 
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c 
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D 
E 
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F 
G 
G 
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J 
J 
K 
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General In.<>pection Levels 
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