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QUESTION ONE - 20 MARKS

(a) A motorcycle manufacturing company uses 4-sigma in its quality control framework. If a
motorcycle consists of an assembly of 76 independent components or parts and all of these
parts must be non-defective for the product to function satisfactorily. What is the proba-
bility that any specific unit of product is non-defective (3 mks]

(b) A manufacturer of components for automobile transmissions wants to use control charts
to monitor a process producing a shaft. The resulting data from 20 samples of 4 shaft
diameters that have been measured are:

20
Z:zi =10.275
i=1

and

20
> R;=1.012
=1

(i) Find the control limits that should be used on the Z and R control charts.

. [6 mks]

(it) What is the expected number of samples that must betaken before the shif is detected

; [2 mks

(iii) Find the probability of detecting a shift of 0.8c in the first sample if the process is
monitored under 3 sigma. [3 mks]

(c) State 3 advantages and 2 disadvantages of acceptance sampling [6 mks]

QUESTION TWO - 18 MARKS

(a) Select one specific product and one service of your choice, and discuss how the eight dimen-
sions of quality impact its overall acceptance by consumers [8 mks]

(b) Quality and process improvement occurs most effectively on a project-by-project basis.
DMAIC is a structured five-step problem-solving procedure that can be used to success-
fully complete projects by proceeding through and implementing solutions that are designed
to solve root causes of quality and process problems, and to establish best practices to en-
sure that the solutions are permanent and can be replicated in other relevant business
operations. Explain the five steps in DMAIC process (stating clearly the goalandactivities
in each step) [10 mks]

QUESTION THREE - 24 MARKS

A high-voltage power supply should have a nominal output voltage of 350 V. A sample of
four units is selected each day and tested for process-control purposes. The data shown in
Table 1 give the difference between the observed reading on each unit and the nominal voltage
times ten; that is, z; = (observed voltage on unit 7 — 350)10.



Table 1: Voltage Data for Question 3.

Sample No. | z1 z2 z3 x4
116 9 10 15
2110 4 6 11
317 8 10 5
41 8 9 6 13
51 9 10 7 13
612 11 10 10
7116 10 8 9
8| 7 5 10 4
91 9 7 8 12

10|15 16 10 13
11| 8 12 14 16
121 6 13 9 11
13116 9 13 15
141 7 13 10 12
1511 7 10 16
16 (15 10 11 14
171 9 8 12 10
18115 7 10 11
19| 8 6 9 12
2013 14 11 15
(a) Set up Z and R charts on this process. Is the process in statistical control?. [20 mks]

(b) If specifications are at 350V + 0.5V, what can you say about process capability?
. [4 mks|

QUESTION FOUR - 21 MARKS

Frozen orange juice concentrate is packed in 6-oz cardboard cans. These cans are formed
on a machine by spinning them from cardboard stock and attaching a metal bottom panel. By
inspection of a can, we may determine whether, when filled, it could possibly leak either on
the side seamn or around the bottom joint. Such a nonconforming can has an improper seal on
either the side seam or the bottom panel. The data is shown in the table below

(a) Set up a control chart to improve the fraction of nonconforming cans produced by this
machine using the first 30 samples [10 mks]

(b) Assuming the out of control points (15 and 23) are due to new batch of raw materials put
into production and a relatively inexperienced operator had been temporarily assigned to
the machine respectively, Correct the limits of the control charts with this information.

[3 mks]

(c) Using the new set of data, plot the a fraction nonconforming chart using the adjusted limit.
[3 mks]

(d) based on the graph in (c) above perform a statistical test if the process has shifted? (5
mks]



Sample Size n = 50

Number of Number of Number of Number of
Sample Nonconforming Sample Nonconforming Sample Nonconforming Sample Nonconforming
Number Cans, D; Number Cans, D; Number Cans, D; Number Cans, D;
1 12 17 10 31 9 44 6
2 15 18 5 32 6 45 5
3 8 19 13 33 12 46 4
4 10 20 11 34 5 47 8
5 4 21 20 35 6 48 5
6 T 2 18 36 4 49 6
7 16 23 24 37 6 50 ¥
8 9 24 15 38 3 51 5
9 14 25 9 39 7 52 6
10 10 26 12 40 6 53 3
11 5 27 i 41 2 54 5
12 6 28 13 42 4
13 17 29 9 43 3
14 12 30 6
15 22
16 8

Figure 1: Number of Defective products from each sample of 50

QUESTION FIVE - 12 MARKS

(a) Why would a typical automobile company manufacturing particular vehicles with about
100,000 components each use six-sigma instead of five-sigma for assessing their quality
performance?

(b) Consider the Shewhart Z control chart with two-sigma limits

[5 mks]

(i) Find the probability that a single point falls outside the limits when the process is in

control

(ii) what sample number will produce an out-of control signal

(iif) Calculate the standard deviation of the average run length

(c) Describe the following sampling plans

(i) single-sampling plan

(if) Double-sampling plan

(iii) Multiple-sampling plan

— END OF QUESTIONS —

[2 mks]
(2 mks]
(2 mks]

[2 mks]
(2 mks]
(2 mks]



T

Chart for Averages

Chart for §

d Deviations

Chart for R

Observ: Factors for Factors for Factors for
servations
in Control Limits Center Line Factors for Control Limits Center Line Factors for Control Limits
Sample,n A A, A ¢, ey By B BB Ry dy 1, dyy oD Dy Dy D)
2 2021 1880 2,659 0.7979 1.2533 0 3267 0 2.606 1128 0.8865 0.853 0 3.686 0 3.2607
3 1732 1.023 1954 0.8862  1.1284 0 2568 0 2.276 1.693 05907 0.888 0 4.358 0 2574
4 1500 0729 1L.628 09213 1.0854 0 2266 0 2.088 2059 04857 0.880 0 4.698 0 2282
5 1342 0577 1427 0.9400 1.0638 0 2089 0 1.964 2326 0.4299 0864 0 4918 0 2114
6 1.225 0483  1.287 09515 1.0510 0.030 1.970 0029 1874 2534 03946 0.848 0 5078 0 2.004
7 1134 0419 LI182 0.9594  1.0423 0.118 1.882 0.113 1806 2704 0.3698 0.833 0204 5204 0076 1924
8 106l 0373  1.099 0.9650 1.0363 0.185 L1815 0.179 1751 2.847 03512 0.820 0.388 5306 0.136 1.864
9 LOO0 0337 1032 0.9693  1.0317 0.239 1.761 0.232 1.707 2970 0.3367 0.808 0.547 5393 0.184 1816
10 0949 0308 0975 09727 1.0281 0.284 1716 0276 1.66Y 3.078 03249 0.797 0.687 5469 0223 1.777
11 0905 0285 0927 0.9754 1.0252 0.321 1679 0313 1.637 3.173 03152 0.787 0811 5535 0256 1.744
12 0866 0266 (0.886 0.9776 1.0229 0354 L6d6 0346 1.610 3258 0.3069 0778 0922 5594 0283 1717
13 0832 0249 0850 09794 1.0210 0.382 1618 0.374 1.585 3.336 02998 0770 1025 5.647 0307 1693
14 0.802  0.235 0817 09810 1.0194 0406 1394 0399 1.563 3407 0.2935 0.763 1.118 5.696 0328 1.672
15 0775 0223 0789 09823 1.0180 0428 1572 0421 1544 3472 0.2880 0756 1.203 5741 0347 1.653
16 0750  0.212 0.763 09835 1.0168 0448 1552 0440 1526 3532 0.2831 0.750 1.282 5.782 0.363 1.637
17 0728 0203 0.739 0.9845 1.0157 0466 1534 0458 1.511 3.588  0.2787 0.744 1.356 5.820 0378 1.622
18 0707  0.194 0718 0.9854 10148 0482 1518 0475 1.49% 3640 0.2747 0739 1424 5856 0391 1.608
19 0.688 0.187 0.698 09862 1.0140 0497 1503 0490 1483 3.689  0.2711 0.734 1487 5891 0403 1597
20 0671  0.180  0.680 0.9869  1.0133 0510 1490 0504 1470 3735 02677 0.729 1549 5921 0415 1585
21 0.655 0.173  0.663 0.9876 1.0126 0323 1477 0516 1459 3.778  0.2647 0724 1.605 5951 0425 1.575
22 0.640  0.167 0.647 09882 1.0119 0.534 1466 0.528 1448 3.819 0.2618 0720 1.659 5979 0434 1.566
23 0626 0.162 0.633 09887 10114 0.545 1455 0539 1438 3.858 0.2592 0716 1.710 6.006 0443 1557
24 0612 0157 0619 0.9892  1.0109 0.555 1445 0549 1429 3.895  0.2567 0712 1759 6.031 0451 1548
25 0.600 0153 0606 09896 1.0105 0.565 1435 0559 1420 3931 0.2544 0.708 1.806 6.056 0459 1.541
Figure 2: Factors for calculation of control charts
LSL USL
+30
99.73%
! : | L ! I ) !
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Spec. Limit
+1 Sigma
+2 Sigma
+3 Sigma
+4 Sigma
+5 Sigma
+6 Sigma

Percentage Inside Specs

68.27
9545
99.73
99.9937
99.999943
99.9999998

ppm Defective

317300
45500
2700
63

0.57
0.002

Figure 3: Normal distribution centered at the target (T)



dard Normal Distribution Tables

/].\ STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

‘ \\ Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-3.9 | .00005 .00005 .00004 .00004  .00004  .00004 .00004 .00004  .00003 .00003
l \\ -3.8 | .00007 .00007 .00007  .00006  .00006  .00006 .00006 .00005 .00005  .00005
[ T -3.7 | .00011 .00010 .00010  .00010  .00009 .00009 .00008 .00008  .00008  .00008

-3.6 | .00016 .00015 .00015 .00014  .00014 .00013 .00013 .00012  .00012  .00011
-3.5 | .00023 .00022  .00022  .00021 .00020 _ .00019 .00019 .00018 00017  .00017

-3.4 | .00034 .00032 .00031 .00030  .00029 .00028 .00027 .00026  .00025 .00024
-3.3 | .00048 .00047  .00045 .00043 .00042  .00040 .00039 .00038  .00036  .00035
-3.2 | .00069 .00066  .00064  .00062  .00060 .00058 .00056 .00054  .00052  .00050
-3.1 | .00097 .00094 .00090 .00087  .00084 .00082 .00079 .00076 .00074  .00071
-3.0 | .00135 .00131 .00126 00122  .00118 .00114 00111 .00107  .00104  .00100

-2.9 | .00187  .00181 .00175 .00169  .00164  .00159 .00154 .00149  .00144  .00139
-2.8 | .00256 .00248  .00240  .00233 .00226  .00219 00212 .00205 .00199  .00193
<2.7 | .00347  .00336  .00326  .00317  .00307  .00298 .00289 .00280  .00272  .00264
-2.6 | .00466 .00453 .00440  .00427  .00415 .00402  .00391 .00379  .00368 .00357
-2.5 | .00621 .00604 .00587  .00570  .00554  .00539  .00523 .00508 .00494  .00480

-2.4 | .00820 .00798 .00776 .00755 .00734  .00714 .00695 00676  .00657  .00639
-2.3 | .01072 .01044 01017 .00990  .00964 .00939 .00914 .00889  .00866 .00842
-2.2 | .01390 01355 .01321 01287  .01255 01222 01191 01160  .01130  .01101
-2.1 | .01786 01743 .01700 01659  .01618 01578 .01539 01500  .01463 01426
-2.0 | .02275 02222 .02169 02118  .02068  .02018 .01970  .01923 .01876  .01831

-1.9 | .02872 .02807 .02743 .02680 .02619 02559 .02500 .02442 .02385 .02330
-1.8 | .03593 .03515 .03438 .03362 .03288 .03216 .03144 .03074 .03005 .02938
-1.7 | .04457 .04363 .04272 .04182 .04093 .04006 .03920 .03836 .03754 .03673
-1.6 | .05480 .05370 05262 .05155 .05050 .04947 .04846 .04746 .04648 .04551
-1.5 | .06681 .06552 .06426 .06301 .06178 .06057 .05938 .05821 .05705 .05592

-1.4 | .08076 .07927  .07780 .07636 .07493 07353 07215 .07078 06944 06811
-1.3 | .09680 .09510 .09342 09176 .09012 .08851 .08691 .08534 .08379  .08226
-1.2 | .11507 11314 1123 .10935 10749 .10565 .10383 .10204  .10027  .09853
-1.1 | .13567 .13350 13136 12924 JA2714 12507 12302 12100 .11900  .11702
-1.0 | .15866 .15625 .15386 15151 14917 14686 .14457 .14231 14007 .13786

-0.9 | .18406 18141 17879 17619 17361 17106 16853 16602  .16354  .16109
-0.8 | 21186 20897 20611 20327 20045 .19766 .19489 19215 .18943 .18673
-0.7 | 24196 23885 .23576 23270 22965 22663 22363 .22065 21770 21476
-0.6 | 27425 27093 .26763 26435 26109 25785 25463 25143 .24825 24510
-0.5 | .30854 .30503 .30153 .29806 .29460 29116 28774 28434 28096 27760

-0.4 | .34458 .34090 33724 33360 32997 32636 32276 31918 31561 31207
-0.3 | .38209 37828 37448 37070 36693 36317 35942 35569 35197 34827
-0.2 | 42074 41683 41294 40905 40517 40129 39743 39358 38974 38591
-0.1 | 46017 45620 45224 44828 44433 44038 43644 43251 42858 42465
-0.0 | .50000 49601 49202 48803 48405 48006 47608 47210 46812 46414
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STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 [ .50000 .50399 50798 51197 51595 51994 52392 52790 53188  .53586
0.1 | .53983 54380  .54776  .55172  .55567  .55962 56356  .56749 57142 57535

= 02 | .57926 58317 58706  .59095  .59483 59871 60257  .60642  .61026  .61409
0.3 | .61791 62172 62552  .62930  .63307  .63683 .64058 64431 64803  .65173
0.4 | .65542 65910 66276  .66640  .67003 .67364 67724 68082  .68439 68793
0.5 | .69146 69497 69847 70194  .70540  .70884 71226 71566 71904 72240
0.6 | .72575 72907 73237 73565  .73891 74215 74537 74857 75175 75490
0.7 | .75804 76115 76424 76730 77035 77337 77637 77935 78230  .78524
0.8 | .78814 79103 79389 79673  .79955  .80234 .80511 80785  .81057  .81327
0.9 | .81594 .81859 82121 .82381 .82639 82894 .83147 83398  .83646  .83891
1.0 | 84134 .84375 .84614  .84849  .85083 85314 85543 .85769  .85993 .86214
1.1 | .86433 .86650  .86864  .87076  .87286  .87493 .87698 .87900  .88100  .88298
1.2 | .88493 .88686 .88877  .89065  .89251 .89435 .89617 .89796  .89973 90147
1.3 | .90320 90490 90658  .90824 90988  .91149 91309 91466 91621 91774
14 | 91924 92073 92220  .92364  .92507 92647 92785 92922 93056 .93189
1.5 | 93319 .93448 93574 93699 93822  .93943 94062 94179  .94295  .94408
1.6 | .94520 94630 94738 94845 94950  .95053 95154 95254 95352 95449
1.7 | .95543 95637 95728 95818  .95907  .9599%4 .96080 96164 96246  .96327
1.8 | .96407 .96485 96562 96638  .96712 96784 96856  .96926  .96995  .97062
1.9 | 97128 .97193 97257 97320 97381 .97441 97500  .97558 97615 97670
2.0 | 97725 97778 97831 97882 97932 97982 .08030  .98077 98124  .98169
2.1 | .98214 98257  .98300  .98341 98382  .98422 98461 98500  .98537  .98574
2.2 | 98610 98645 98679  .98713 98745 98778 98809 98840  .98870  .98899
2.3 | .98928 98956  .98983 99010  .99036  .99061 99086 99111 99134 99158
2.4 | 99180 .99202 99224 99245 99266 99286 99305 99324 99343 99361
2.5 | .99379 99396  .99413 99430  .99446 99461 99477 99492 99506  .99520
2.6 | .99534 .99547 99560 99573 99585  .99598 .99609 99621 99632  .99643
2.7 | .99653 99664  .99674  .99683  .99693 .99702 99711 99720 99728  .99736
2.8 | .99744 99752  .99760 99767  .99774 99781 99788 99795  .99801 .99807
2.9 | .99813 .99819 .99825 99831 .99836  .99841 .99846 99851 99856 99861
3.0 | .99865 99869  .99874 99878  .99882  .99886 99889  .99893 99896  .99900
3.1 | .99903 99906  .99910  .99913 99916 99918 99921 99924 99926  .99929
3.2 | 99931 99934 99936  .99938  .99940  .99942 99944 99946 99948  .99950
3.3 | .99952 99953 99955 99957  .99958  .99960 .99961 99962 99964  .99965
3.4 | .99966 .99968 99969 99970  .99971 .99972 .99973 99974 99975 99976
3.5 | .99977 .99978 299978 99979 99980  .99981 .99981 99982  .99983  .99983
3.6 | .99984 .99985 99985 99986  .99986  .99987 99987 99988  .99988  .99989
3.7 | .99989 99990  .99990  .99990  .99991 99991 99992 99992 99992  .99992
3.8 | .99993 .99993 .99993 99994 99994  .9999%4 99994 99995 99995  .99995
3.9 | .99995 .99995 99996 99996 99996  .99996 99996 99996 99997 99997




