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X and R Charts* X and s Charts®
Chart for Chart for
Averages Averages Charts for
(X) Chart for Ranges (R) (X) Standard Deviations (s)
Divisors for Divisors for
Factors for  Estimate of Factors for Factors for Estimate of Factors for
Subgroup  Control Standard Control Control  Standard Control
Size Limits Deviation Limits Limits Dewviation Limits
n A, dz D3 04 A; Cq B—3 B,
2 1.880 1.128 - 3267 2,659 07979 - 3.267
3 1.023 1.693 .- 2574 1.954 0.8862 - 2.568
4 0.729 2.059 - 2282 1.628 09213 - 2.266
5 0.577 2.326 - 2114 1.427 0.9400 - 2089
6 0.483 2.534 - 2.004 1.287 0.9515 0.030 1.970
7 0419 2.704 0.076 1.924 1.182 0.9594 0.118 1.882
8 0.373 2.847 0.136 1.864 1.099 0.9650 0.185 1815
9 0.337 2970 0.184 1.816 1.032 0.9693 0.239 1.761
10 0.308 3.078 0.223 1.777 0975 09727 0.284 1.716
11 0.285 3.173 0.256 1.744 0.927 0.9754 0.321 1679
12 0.266 3.258 0.283 1717 0.886 09776 0.354 1.646
13 0.249 3.336 0.307 1.693 0.850 09794 0.382 1.618
14 0.235 3.407 0.328 1.672 0.817 0.9810 0.406 1.394
15 0.223 3.472 0.347 1.633 0.789 0.9823 0.428 1372
16 0.212 3.532 0.363 1.637 0.763 +* 0.9835 0.448 1.352
17 0.203 3.588 0.378 1.622 0.739 1 9845 0.466 1.534
18 0.194 3.640 0.391 1.608 0.718 0.5854 0.482 1518
19 0.187 3.689 0.403 1.597 0.698 (.9862 0.497 1.303
20 0.180 3.735 0415 1.385 0.680 (3869 0.510 1.490
21 0.173 3.778 0.425 1575 0.663 (19876 0.523 1477
22 0.167 3.819 0.434 1.566 0.647 (.9882 0.534 1.466
23 0.162 3.858 0.443 1.557 0.633 (9887 0.545 1455
24 0.157 3.895 0451 1.548 0.619 09892 0.555 1445
25 0.153 3.931 0439 1541 0.606 9896 0.565 1.435
UCLg, LCLg=X = AR UCLg, LCLg=X = A8
UCLR = D4E LCL, =B§
LCLg = Djﬁ LC]., = B;S-
a=R/d; a=5/c,

* From ASTM publication STP-15D, Manual on the Presentation of Data anz Control Chart Analysts,
1976; pp 134-136. Copyright ASTM. 1916 Race Street. Philadelphia, Penns:-ania 19103, Reprinted,
with permission,
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APPENDIX E - Table of Constants and Formulas for Control Charts (Cont.)

Median Charts, **

Charts for Individuals*

Chart for Chart for
Medians Individuals
(X) Chart for Ranges (R) X) Chart for Ranges (R)
Divisors for Divisors for
Factors for  Estimate of Factors for Factors for Estimate of  Factors for
Control Standard Control Control Standard Control
Limits Deviation Limits Limits Deviation Limits
Subgroup =
Size A, d; D, D, E, d, D, D,
2 . 1.880 1.128 - 3.267 2.660 1.128 - 3.267
3 1,187 1.693 - 2574 1.772 1.693 - 2574
4 0.796 2.059 - 721282 1.457 2.059 - 2282
5 0.691 2.326 - 2114 1.290 2.326 - 2114
6 0.548 2,534 - 2,004 1.184 2.534 - 2.004
7 0.508 2.704 0.076 1924 1.109 2.704 0.076 1.924
8 0.433 2.847 0.136 1.864 1.054 2.847 0.136 1.864
9 0.412 2.970 0.184 1.816 1.010 2.970 0.184 1.816
10 0.362 3.078 0223 1.777 0.975 3.078 0.223 1171

UCLz,LCLg=X £
UCLz =D,R

LCLy = D;R

&= R/ds

A, R

UCLx LCLx =X £ EoR
UCLg=D,R "
LCLy = DR

¢ =R/d,

* From ASTM publication STP-15D, Manual on the Presentation of Data and Control ChartAanysis.
19'6; pp 134-136. Copyright ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103. Reprinted,

with permission.

i 'K_; Factors Derived from ASTM-STP-15D Data and Efficiency Tables Contained in W. J. Dixon aqd
F.J. Massey, Jr., Introduction to Statistical Analysis, Third Edition, 1969; Page 488; McGraw-Hill

Book Company, New York.
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P, = the proportion of process output beyond a particular value of interest (such as a specification limit
that is z standard deviation units away from the process average (for a process that is in statistical contro
and is normally distributed). For example, if z = 2.17, P, = .0150 or 1.5%. In any actual situation, this pro

portion is only approximate.

1
SL

N .
P | \ | .

.—-—.._g_

— T

lz| xx0  xx1  xx2  xx3 x.x4 xx5  xx6  xx7 xx8  xx9
4.0 .00003

3.9 .00005 .00005 .00004 .00004 .00004 .00004 .00004 .00004 .00003 .00003
3.8 .00007 .00007 .00007 .00006 .00006 .00006 .00006 .00005 .00005 .00005
3.1 .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
34 .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 .0019 .0018 .0018 0017 .0016 .0016 .0015 .0015 .0014 .0014
2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
2.1 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
2.6 0047 .0045 .0044 .0043 0041 .0040 .0039 .0038 .0037 .0036
2.5 0062 .0060 .0059  .0057 .0055 .0054 .0052 .0051 .0049 .0048
2.4 .0082 .0080 .0078 .0075 0073 .0071 .0069 .0068- .0066 .0064
2:3 0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
2.2 .0139 .0136 0132 .0129 .0125 0122 .0119 .0116 .0113 .0110
2.1 0179 0174 .0170 .0166 0162 .0158 .0154 0150 .0146 .0143
2.0 .0228 0222 0217 .0212 0207 .0202 .0197 0192 .0188 .0183
1.9 0287 .0281 .0274 .0268 0262 0256 .0250 .0244 .0239 .0233
1.8 0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
1.4 .0446 .0436 .0427 .0418 0409 .0401 .0392 .0384 .0375 .0367
1.6 .0548 .0637 .0526 .0516 .0505 0495 .0485 .0475 .0465 .0455
1.5 .0668 .0655 .0643 .0630 0618 - 0606 .0594 .0582 .0571 .0559
1.4 .0808 .0793 .0778 .0764 .0749 0735 .0721 0708 .0694 .0681
1.3 .0968 .0951 .0934 .0918 0901 .0885 .0869 .0853 .0838 .0823
1.2 L1151 .1131 1112 .1093 .1075 .1056 .1038 .1020 .1003 .0985
1.1 .13567 .1335 L1314 .1292 1271 .1251 .1230 1210 .1190 1170
1.0 L1587  .1562 .1539 .1515 .1492 L1469  .1446 .1423  .1401 L1379
0.9 .1841 .1814 L1788 L1762 .1736 711 1685 1660 .1635 1611
0.8 2119 .2090 .2061 .2033 .2005 1977 (1949 .1922  .1894  .1867
0.7 .2420 .2389 .2358 2327 2297 2266  .2236 2206 2177 .2148
0.6 2743 2709 .2676  .2643 2611 2578  .2546 .2514 2483  .2451
0.5 3085 .3050 .3015 .2981 .2946 2912 2877  .2843 .2810 .2776
0.4 3446  .3409 .3372 .3336 .3300 3264 .3228 .3192 3156 .3121
0.3 3821 .3783 .3745 .3707 .3669 3632 .3594 .3557 .3520 .3483
0.2 4207 4168 4129  .4090 .4052 4013 .3974 .3936 .3897  .3859
0.1 4602 4562 4522 4483 4443 4404  .4364 4325  .4286  .4247
0.0 .5000 .4960 4920  .4880 4840 4801 .4761 4721 4681 .4641
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