4" Year Prod. Eng.
Quality Control
Final Exam — June 2012

Mansoura University
Faculty of Engineering
Prod. Eng. & Mech. Design Dept.

Time allowed: 3 hours
Question 1:  Give a full discussion for direct quality cost categories.

Question 2:  Give a full discussion for indirect quality cost categories.

Question 3:  Give a full discussion for quality responsibility in a general industrial firm.

Question 4: Give a full discussion for the following:

(a) Control limits and specifications.
(b) Minimizing the effect of variable subgroup size in p charts.
(c) Variation categories and sources.

Question S:  Give a full discussion and comments for the steps required to construct control
charts for variables.

Question 6:

The performance of the first shift is reflected in the inspection results of electric carving
knives. Determine the central line and the trial control limits for each subgroup. Assume that
any out—of—control points have assignable causes and determine the standard value for the
fraction defective for the next production period.

Date Number Number it Number Number
Inspected Defected Inspected Defected

Sept. 6 500 5 Sept. 23 nZo 10

7 550 6 24 650 3

8 700 8 27 675 8

g 625 9 28 450 23

10 700 7 29 500 2

13 550 8 30 375 3

14 450 16 Oct. 1 550 8

15 600 6 4 600 7

16 475 9 5 700 4

17 650 6 6 600 9

20 650 7 7 450 8

21 550 8 8 500 6

22 525 7 11 525 1

P.T.0.



Question 7:

The table below gives the average and range in kilograms for tensile test on an improved
plastic cord. The subgroup size is 4. Determine the trial central line and control limits. If any
points are out of control, assume assignable causes and calculate revised limits and central line.

Subgrouy, = Subgrou, =

Nujgnbef X R Nuizbef 4 e
1 476 32 14 482 22
2 466 24 15 506 23
3 484 32 16 496 23
4 466 26 17 478 25
5 470 24 18 484 24
6 494 24 19 506 23
7 486 28 20 476 25
8 496 23 21 485 29
9 488 24 22 490 25
10 482 26 23 463 22
11 498 25 24 469 27
12 464 24 25 474 22
13 484 24
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TABLE B Factors f_br éfpmputing Central Lines and 30 Control Limits for )—(3_”51 and R Charts

T AT o PR ARSI S M L MM AR R AT
¥

CHART FOR; j\VERAGFS - CHART FOR STANDARD DEVIATIONS CHART FOR RANGES
= : -
FACTORS FOR FACTOR FOR ) FACTOR FOR .
OBSERVATIONS CONTROJ;; LIMITS CENTRAL LINE FACTORS FOR CONTROL LIMITS CENTRAL LINE : FACTORS FOR CONTROL LIMITS
IN s 4 ' )
SAMPLE, n A Az Ag Cs B3 84 Bs Bg . dz d| D; D, D, Dy

2 2.121 1.880 2.659 0.7979 0 3.267 0 2.606 . 1.128 0.853 0 3.686 0 3.267

3 1.732 1023 1.954 0.8862 .0 2.568 0 2.276 1.693 0.888 0 4358 0 2.574

4 1.500 0.729 1.628 0.9213 0 2.266 0 2.088 2.059 0.880 O 4698 O 2.282

5 1.342 0577 1.427 0.9400 0 2.089 O 1.964 2.326 0.864 0O 4918 0 2.114

§ 1.225 0.483 1.287 0.9515 0.030 1.970 0.029 1.874 2.534 0.848 O 5078 0 2.004

7 1.134 0.419 1.182 0.9594 "0.118 1.882 0.113 1.806 2.704 0.833 0.204 5.204 0.076 1.924

8 1.061 0.373 1.099 0.9650 0.185 1.815 0.179 1.751 2.847 0.820 0.388 5.306 0.136 1.864

9 1.000 0.337 1.032 0.9693 0.239 1.761 0.232 1.707 2.970 0.808 0.547 5.393 0.184 1.816
10 0.949 0.308 0.975 0.9727 0.284 1.716 0.276 1.669 3.078 0.797 0.687 5.469 0.223 1.777
11 0.905 0.285 0.927 0.9754 0.321 1.679 0.313 1.637 3.173 0.787 0.811 5.535 0.256 1.744
12 0.866 0.266 0.886 0.9776 0.354 1.646 0.346 1.610 3.258 0.778 0.922 5.594 0.283 1.717
13 0.832 0.249 0.850 0.9794 0.382 1.618 0374 1.585 3.336 0.770 1.025 5.647 0.307 1.693
14 .0.862 0.235 0.817 0.9810 0.406 1.594 0.399 1.563 3.407 0.763 1.118 5.696 0.328 1.672
15 0.775 0.223 0.789 0.9823 0.4‘28 1.572 0.421 1.544 3.472 0.756 1.203 5.741 0.347 1.653
16 0.750 0.212 0.763 0.9835 0.448 1.552 0.440 1.526 3.532 0.750 1.282 5.782 0.363 1.637
17 0.728 0.203 0.739 0.9845 0.466 1.534 0.458 1.511 3.588 0.744 1.356 5.820 0378 1.622
18 0.707 0.194 » 0.718 0.9854 0.482 1.518 0475 1.496 3.640 0.739 1.424 5.856 0.391 1.608
19 0.688 0.187 0.698 0.9862 0.497 1503 0490 1.483 3.689 0.734 1.487 5.891 0.403 1.597
20 0.671 0.180 0.680 0.9869 0.510 1.490 0.504 1.470 3.735 0.729 1.549 5.921 0.415 1.585

Copyright ASTM, 1916 Race Street, Philadelphia, PA, 19103, Reprinted with permission.




TABLE A (cont;nued)
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%E 0.00 001 002 003 004 005 006 007 008 009
400 | 05000 05040 0.5080 0.5120 05160 0519 0.5239 05279 0.5319 0.5359
+01 | 05398 05438 05478 0.5517 0.5557 0559 0.5636 0.5675 0.5714 0.5753
+02 | 05793 05832 05871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
403 | 06179 06217 06255 06293 06331 0.6368 06406 0.6443 06480 0.6517
+04 | 06554 06591 06628 0.6664 06700 0.673% 0.6772 0.6808 0.6844 0.6879
+0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123  0.7157 0.7190 0.7224
106 | 07257 07291 07324 07357 07389 07422 07454 0748 07517  0.7549
+07 | 07580 07611 07642 07673 0.7704 07734 07764 07794 0.7823 0.7852
+0.8 0.7881. 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8079 0.8106 0.8133
+09 | 08159 0818 08212 08238 05264 0.8289 0.8315 08340 0.8365 0.8389
+10 | 08413 08438 08461 08485 08508 0.8531 0.8554 0.8577 08599 0.8621
+11 | 08643 08665 08686 0.8708 08729 08749 08770 08790 0.8810 0.8830
112 | 08849 08369 08888 0.8907 08925 0.8944 0.8962 0.8980 0.8997 0.9015
+1.3 0.9032 0.9049 0.9066 0.9082 0.9099 09115 0.9131 0.9147 0.9162 0.9177
+1a | 09192 09207 09222 09236 09251 09265 09279 0.9292 09306 0.9319
+15 | 09332 09345 09357 09370 09382 09394 09406 09418 09429 0.9441
+16 | 09452 09463 09474 09484 09495 0.9505 09515 09525 0.9535 0.9545
+17 | 00554 09564 009573 09582 09591 0.9599 0.9608 09616 0.9625 0.9633
+1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693  0.9699 0.9706
+19 | 09713 00719 09726 09732 09738 09744 09750 09756 09761 0.9767
+20 | 09773 09778 09783 09788 09793 09798 09803 09808 0.9812 0.9817
+21 | 09821 09826 09830 09834 09838 09842 0.9846 09850 0.9854 0.9857
+22 | 09861 09864 09868 09871 09875 '0.9878 0.9881 09884 0.9887  0.9890
+23 | 09893 09896 00898 0.9901 09904 09906 0.9909 09911 0.9913  0.9916
124 | 09918 09920 09922 09925 09927 09929 09931 09932 09934 09936
125 | 09938 00940 09941 09943 0.9945 09946 09948 09949 09951 0.9952
+2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
+27 | 09965 0996 0997 09968 09969 09970 09971 09972 0.9973 0.9974
+28 | 09974 09975 09976 09977 09977 09978 09979 09979 0.9980 0.9981
+29 | 09981 09982 09983 0.9983 0.9984 09984 09985 09985 0.9986 0.9986
+30 | 0.99865 099869 099874 0.99878 0.99882 0.99886 0.99889 0.99893 0.99896 0.99900
+3.1 0.99903 0.99906 0.99910 0.99913 0.99915 0.99918 0.99921 0.99924 0.99926 0.99929
+32 | 0.09931 099934 099936 0.99938 0.99940 0.99942 0.99944 0.99946 0.99948 0.99950
+33 | 099952 099953 0.99955 0.99957 0.99958 0.99960 0.99961 0.99962 0.99964 0.99965
+34 | 099966 0.99967 0.99969 0.99970 0.99971 0.99972 0.99973 0.99974 0.99975 0.99976
135 | 099977 099978 0.99978 0.99979 0.99980 0.99981 0.99981 0.99982 0.99983 0.99983

TABLE A  Areas Under the Normal Curve
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X, A T 14 X T8 e e S0 L 2 SRR R R YR,
——Ec 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 0.00
=35 0.00017 0.00017 0.00018 0.00019 0.00019 0.00020 0.0002
- 5 i A A 1 0.00022 0.00022 0.

3.4 0.00024 0.00025 0.00026 0.00027 0.00028 0.00029 0.00030 0.00031 0.00033 0 %ﬁﬁ
=33 0.00035 0.00036 0.00038 0.00039 0.00040 0.00042 0.00043 0.00045 0.00047 0.00048
=32 0.00050 0.00052 0.00054 0.00056 0.00058 0.00060 0.00062 0.00064 0.00066 0.00069
-3.1 0.00071 0.00074 0.00076 0.00079 0.00082 0.00085 0.00087 0.00090 0.00094 0:00097
-3.0 Q.OOff)O 0.00104 0 0010‘/‘1 0.00111 0.001i14 0.00118 0.00 ’

i . i i ! i .00122 0.00126 0.00131 0.

29 0.0014 0.0014 0.0015 0.0015 0.0016 0.0016 0.0017 0.0017 0.0018 0.88%35
:2.8 0.0019 0.0020 0.0021 0.0021 0.0022 0.0023 0.0023 0.0024 0.0025 0.0026

2.7 0.0026 0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035
-2.6 0.0036 -0.0037 0.0038 0.0039 0.0040 0.0041 0.0043 0.0044 0.0045 0.0047
=235 0.0048 0.0049 0.0051 0.0052 0.0054 0.0055 0.00
i A A H I 0057 0.0059 0.0060 0.0062
_gg 0.0064 0.0066 0.0068 0.0069 0.0071 0.0073 0.0075 0.0078 0.0080 0.0082
_2.2 0.0084 0.0087 0.0089 0.0091 0.0094 0.0096 0.0099 0.0102 0.0104 0.0107
—2. 0.0110 - 0.0113 0.0116 0.0119 0.0122 0.0125° 0.0129 0.0132 0.0136 0.0139

.1 0.0143 0.0146 0.0150 0.0154 0.0158 0.0162 0.0166 0.0170 0.0174 0.0179
-2.0 0.0183 0.0188 0.0192 0.0197 0.0202 0.0207 0.02
= i J 1 g 0212 0.0217 0.0222 0.0228
N } : 0.0233 0.0239 0.0244 0.0250 0.0256 0.0262 0.0268 0.0274 0.0281  0.0287
ks 0.0294 0.0301 0.0307 0.0314 0.0322 0.0329 0.0336 0.0344 0.0351 0.0359
—:Z 0.0367 0.0375 0.0384 0.0392 0.0401 0.0498 0.0418 0.0427 0.0436 0.0446
3 0.0455 0.0465 0.0475 0.0485 0.0495 0.0505 0.0516 0.0526 0.0537 0.0548
=15 0.0559 0.0571 0.0582 0.0594 0.0606 0.0618 0.06:
= / ! 2 i 0630 0.0643 0.0655 0.0668
- :.4 0.0681 0.0694 0.0708 0.0721 0.0735 0.0749 0.0764 0.0778 0.0793 0.0808
> 3 0.0823 0.0838 0.0853 0.0869 0.0885 0.0901 0.0918 0.0934 0.0951 0.0968
_i.Z 0.0895 0.1003 0.1020 0.1038 0.1057 0.1075 0.1093 0.1112 0.1131 0.1151
S | 0.1170 0.1190 0.1210 0.1230 0.1251 0.1271 0.1292 0.1314 0.1335 0.1357
-1.0 0.1379 0.1401 0.1423 0.1446 0.1469 0.1492 0.15
= X X K X (1515 0.1539  0.1562  0.158
_3.9 0.1611 0.1635 0.1660 0.1685 0.1711 0.1736 0.1762 0.1788 0.1814 0.184;7
—0.3 0.1867 0.1894 0.1922 0.1949 0.1977 0.2005 0.2033 0.2061 0.2090 0.2119
-0‘ 0.2148 0.2177 0.2207 0.2236 0.2266 0.2297 0.2327 0.2358 0.2389 0.2420
.6 0.2451 - 0.2483 0.2514 0.2546 0.2578 0.2611 0.2643 0.2676 0.2709 0.2743
-0.5 0.2776  0.2810 0.2843 0.2877 0.2912 0.2946 0.2
- - ’ i i : 2981 0.3015 0.3050
_0.4 0.3121 0.3156 0.3192 0.3228 0.3264 0.3300 0.3336 0.3372 0.3409 gggﬁ:
0.3 0.3483 0.3520 0.3557 0.3594 0.3632 0.3669 0.3707 0.3745 0.3783 0.3821
-0:2 0.3859 0.3897 0.3936 0.3974 0.4013 0.4052 0.4090 0.4129 0.4168 0.4207
-0.1 ‘ 0.4247 0.4286 0.4325 0.4364 0.4404 0.4443 0.4483 0.4522 0.4562 0.4602
-0.0 0.4641 0.4681 0.4721 0.4761 0.4801 0.4840 0.4880 0.4920 0.4960 045000
‘E:pgfmﬁ mea;;z.l under the curve that is under the portion of the curve from ~o to (X; — )/ (X; represents any desired
b
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