5.2. QUALITY CONTROL /QUALITY ASSURANCE
5.2.1. STATISTICS
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2. BACKGROUND

2.1 American industries have defined the Quality Control/Quality Assurance (QC/QA) concept to fit
within their particular application and there is no doubt that the “working” definition differs from industry
to industry. In the highway community those Contractors, suppliers, and Public Agencies (Agency) that
have implemented a QC/QA program probably have their own definition as well. It is important that a
concise and logical definition of QC/QA be adopted and be supported by all members within a single
industry. For the highway community the QC/QA concept must be defined so that Contractors, suppliers
and Agencies can identify with a basic concept and proceed to establish their respective programs. The
American Association of State Highway and Transportation Officials (AASHTO) has defined QC/QA in
AASHTO R-10-92I in the following manner:

2.2. Quality Control: The activities that have to do with making the quality of a product what it should be.

2.3. Quality Assurance: The activities that have to do with making sure that the quality of a product is
what it should be.

3. STANDARD DEFINITIONS FOR QC/QA APPLICATIONS

The following terms are defined in the AASHTO Quality Assurance Guide Specifications (1996) and
AASHTO Implementation Manual for Quality Assurance (1996). All other shall be consistent with
the 1993 AASHTO Guide Specifications For Highway Construction.

3.1. Agency: Follows the definition listed in Section 101.23 Department, Commission or Agency of the
1993 AASHTO Guide Specifications For Highway Construction. The term Agency was chosen for the
purpose of consistency, as this document is intended for use by any governing organization attempting to
prepare specifications for the purpose of highway or transportation work.

3.2. AQL: Acceptable Quality Level is that level of percent within limits (PWL) at or above which the
work will be considered completely acceptable.

3.3. Buyer: That organization or entity ultimately responsible for the purchase of the materials and work
required for the completion of a highway or transportation Contract. May be used interchangeably with
the terms Agency, Purchaser, Consumer, or Owner.

3.4. Buyer’s, Agency’s, Purchaser’s, Consumer’s, or Owner’s Risk: This is the risk of the Buyer
(Agency) erroneously accepting unsatisfactory work. See RQL.

3.5. Certified Technician: Responsible for performing one or all of the actual sampling, testing, and
inspection functions.
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3.6. Disincentive: A pre-established decrease in payment to the Contractor (seller) for a Contract bid-item
in which a poor level of quality and workmanship, determined by statistical means, has been performed.
The disincentive is usually expressed as a percentage of the original Contract bid-price.

3.7. Incentive: A pre-established increase in payment to the Contractor (seller) for a Contract bid-item in
which a superior level of quality and workmanship, determined by statistical means, has been performed.
The incentive is usually expressed as a percentage of the original Contract bid-price.

3.8. LSL: Lower Specification Limit is the lower boundary above which a sample (an average of samples)
may deviate from the target value.

3.9. PWL: Percent Within Limit is that amount of material or workmanship that has been determined, by
statistical method, to be within the pre-established characteristic boundary(ies). Is commonly used to
determine acceptability.

3.10. Quality Assurance: The activities that have to do with making sure that the quality of a product is
what it should be.

3.11. Quality Control: The activities that have to do with making the quality of a product what it should
be.

3.12. Quality Control Plan: A detailed description of the type and frequency of inspection, sampling, and
testing deemed necessary to measure and control the various properties governed by Agency. This
document is submitted to the Agency for approval by the Contractor during the preconstruction
conference.

3.13. Quality Level Analysis: A statistical procedure that provides a method for estimating the percentage
of each lot or sublot of material, product, item of construction, or completed construction that may be
expected within specified tolerances.

3.14. RQL: Rejectable Quality Level is that level of percent within limits (PWL) at or below which the
work is considered to be sufficiently unacceptable that repair or replacement is warranted.

3.15. Seller(s): Those entities providing materials and work required for the completion of highway or
transportation work. This includes the Contractor and all subcontractors. Term may be used
interchangeably with_producer or supplier.

3.16. Seller’s, Contractor’s, Producer’s, or Supplier’s Risk: This is the risk of the Seller (Contractor)
having satisfactory work erroneously rejected. See AQL.

3.17. Target Value: An acceptable value for a controlling characteristic of a product.

3.18. USL: Upper Specification Limit is the upper boundary below which a sample (an average of
samples) may deviate from the target value.
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4. MISCELLANEOUS DEFINITIONS RELATED TO QC/QA

4.1. Lot: An isolated quantity of material which is produced from a single source under similar
conditions. A lot is a measured amount of construction assumed to be produced by the same process. For
example, the placement of 4,000 tons of hot-mix asphalt (HMA) or one days production for concrete
paving. Also referred to as population in statistical analysis.

4.2. Sublot: Sublots are equal divisions (i.e. portions) of a lot. A lot is divided into sublots for sampling
purposes. For example, if a lot is considered to be 4,000 tons of HMA and the specification requires that
the lot be divided into four sublots, the size of each sublot would be 1,000 tons (4,000 /4). For concrete
paving, a lot is considered to be one days production and the specification requires that the lot be
subdivided into five sublots as shown in Figure 1.

4.3. Sample: Each individual quantity of material collected for test. A portion of lot.

-

> LOT g

Sublot | Sublot | Sublot| Sublot| Sublot
1 2 3 4 5

Sta Sta Sta Sta Sta Sta
100 110 120 130 140 150
|

Figure 1. Lot and sublots in a highway construction setting

5. INTRODUCTORY STATISTICAL TERMS

5.1. Average or Mean (x)_: Arithmetic mean or average determined for a number of variables (x;) as

below:
XK ZXa

n n

X =

)

5.1.1. Example: Find the arithmetic mean or average for the asphalt content of six Superpave mix sublots
given as: 5.4, 5.8, 6.2, 5.4, 5.4 and 6.0%.

54+58+6.2+54+54+6.0 342
6 6

X = 5.7
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5.1.2. Example: Find the arithmetic mean or average for the percent air in the concrete mix of six sublots
given as: 6.6, 6.2, 5.5, 7.8, 6.9 and 6.6%.

6.6+6.2+55+7.8+6.9+6.6 39.6
6 6

X = 6.6

5.2. Moving Average: Average computed based on a fixed set of continuous data points. For KDOT, the
w represents the number of tests within a lot:

_Ks TRt X
- W @

Xna

5.2.1. Example: Find the 4-point moving average for the above asphalt content data:

Asphalt content (%) 4-point moving average
5.4 -
5.8 -
6.2 -
5.4 5.7
5.4 5.7
6.0 5.8

5.2.2. Example: Find the 4-point moving average for the above percent air content data:

Air content (%) 4-point moving average
6.6 -
6.2 -
5.5 -
7.8 6.5
6.9 6.6
6.6 6.7

5.3. Range (R): Range is the difference between the largest and smallest values. A simple measure of
variability.

R = Xmax - Xmin (3)
5.3.1. Example: Find the Range (R) for the above asphalt content data:

R=6.2-54 = 0.8%
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5.3.2. Example: Find the Range (R) for the above air content data:
R=7.8-55 = 23%

5.4. Sample Standard Deviation (s) : Standard deviation is the root mean square of the deviation from the
mean. This is a better measure of variability than range and is computed as below:

2
s — 2.(Xj —X) @
n-1

where, n is the sample size.

5.4.1. Example: Find the standard deviation for the asphalt content data given below:

Xi X Xi-X (Xi-X)?
54 5.7 -0.3 0.09
5.8 5.7 0.1 0.01
6.2 5.7 0.5 0.25
54 5.7 -0.3 0.09
54 5.7 -0.3 0.09
6.0 5.7 0.3 0.09

n =6 > =0.62

2
. 2 (X —X) _ /062 035
n-1 6-1

5.4.2. Example: Find the standard deviation for the air content data given below:

Xi X Xi-X (Xi-X)?
6.6 6.6 0.0 0.00
6.2 6.6 -0.4 0.16
55 6.6 -1.1 1.21
7.8 6.6 1.2 1.44
6.9 6.6 0.3 0.09
6.6 6.6 0.0 0.00

n =6 >=2.90
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5.5. Population Standard Deviation ( o) : When the sample size n is large (usually greater than 30), the
standard deviation obtained is for the population. The equation is same as in (4) except that the
denominator is replaced by n.

5.6. Variance (s%): Sample variance is simply the square of the sample standard deviation.
5.6.1. Example: Find the variance of the asphalt content data given above:

s =0.35; $?=(0.35)*=0.123
5.6.2. Example: Find the variance of the air content data given above:

s=0.76; s?=(0.76)*=0.578

5.7. Coefficient of Variation (COV) : The coefficient of variation is defined as the standard deviation as a
percentage of the mean. It is an additional measure of variability and is calculated as:

C.OV (%) = > x100 ©)
X

5.7.1. Example: Find the coefficient of variation of the asphalt content data given above:

cov. (o) = %
5.7

x100=16.1%

5.7.2. Example: Find the coefficient of variation of the asphalt content data given above:

0.76

COV.(%)=", > x100=11.5%
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5.8. Normal Distribution Curve : It is a typical "bell-shaped" symmetrical curve which usually will
describe the distribution of engineering measurements, e.g. test results of HMA or concrete mixes.

Figures 2, 3 and 4 show various examples of normal distribution curves and how they vary but are
interrelated.

d-.-Goo,d'.p.reds'wﬁ )
o ‘uniformily. " -

N -
~ .
1 Treel
+3s, 3y

Figure 2. Normal distribution curves

Figure 3. Quite different distributions may have the same average
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Figure 4. Process control related to specification limits

5.9. Control charts: Control charts are horizontal line charts. The horizontal lines (for single test results or
for "average" type charts) generally consist of a central line at the specified average and an upper line at
the specified upper acceptance limit and a lower line at the lower acceptance limit (if both are applicable)
- for an "acceptance" control chart. Figure 5 shows a typical control chart for average 9.5 mm aggregate
size (percent retained). Control charts are very helpful for identifying possible problems. Examples are
provided in Figures 6, 7, 8, and 9. It is to be noted that if these charts are plotted using individual test
results, then the chance causes cannot be distinguished from assignable causes. However, the moving
average tends to smooth out chance variations and a control chart based on moving averages can be used
to indicate significant trends due to variation in materials and processes.

9.5 mm Sieve

22

A A L
C VAR \J

Percent Retained

12
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Sublots

Figure 5. A typical control chart
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Figure 06. A point outside the upper specification limits

Upper Spec Limit
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Figure 7. Two consecutive points near the upper or lower specification limits
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Figure 8. Five consecutive points on one side of the center target value
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‘Upper Spec Limit

Figure 9. A sudden change in the level of results

5.10. Statistical Control charts: It is to be noted that regardless of the shape of the normal curve and
spread (s), 68.26% of the test results will be within £ 1s, 95.44% within + 2 s and 99.74% within £ 3 s.
Thus, it is apparent that a control chart based on the test statistics (x and s) could be easily developed. The
center line could be the mean of k sample means, each based n tests. The Upper Specification Limit
(USL) and the Lower Specification Limit (LSL) can be fixed based on multiples of s resulting in a typical
statistical control chart as shown in Figure 10.

5.11. Random Number: A number selected entirely by chance as from a table of random numbers as
shown in Tables 1 though 5 of the KDOT Construction Manual Section 5.2.2.2. (A scientific
calculator can also generate random number; however, this method needs to be approved by the District
Materials Engineer) .

/ _+3 Upper action limit
| t2 Tpper warning limit
/ |+
z Average
\ P
-2 Lower warning limit
\ _-3 Lower action limit

1 23 4 56 78 9 10 ... N
Test Number

Figure 10. Statistical control chart
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5.12. Moving Average

Within KDOT’s QC/QA specifications, moving averages are to be plotted on the same chart as the
individual test results. This is a simple process to include on the graphs. The number of tests in each
average will be dictated by the specifications for the project. For the following illustration, a 4-point

moving average will be considered.

Table 1: Individual Asphalt Content Test Data

'Sublot [AC% |

1A 547
1B 5.46

1C 545

1D 4.73 1stavg=( 547 + 546 + 545 + 4.73 )4=
2A 553 2ndavg =( 546 + 545 + 473 + 553 )/4=
2B 5.41 3rdavg=( 545 + 473 + 553 + 541 )/4=
2C 555 dthavg=( 4.73 + 553 + 541 + 555 )/4=
2D  5.73 Sthavg=( 553 + 541 + 555 + 573 )4=
3A  5.68 6thavg=( 5.41 + 555 + 573 + 568 )4 =
3B 6.01 7thavg=( 555 + 573 + 5.68 + 6.01 )/4=
3C  5.79 Sthavg=( 5.73 + 568 + 6.01 + 579 )4 =
3D 5.82 othavg=( 5.68 + 6.01 + 579 + 582 )/4=
4A  5.29 10thavg = ( 6.01 + 5.79 + 582 + 5.29 )/4=
4B 501 1lthavg=( 5.79 + 5.82 + 529 + 5.91 )/4=
4C  5.42 12thavg = ( 5.82 + 5.29 + 591 + 542 )/4=
4D 5.78 13thavg = ( 5.29 + 5.91 + 542 + 5.78 )/4=

5.28
5.29
5.28
531
5.56
5.59
5.74
5.80
5.83
5.73
5.70
5.61
5.60

When starting out, the first four tests (1 thru 4) will be used to determine the average. As the fifth test
becomes available for plotting, a second 4-point moving average becomes available by taking the average
of the 2" thru 5™ tests. This process continues as additional tests become available. Using the test data

from Table 1, a clear pattern emerges for calculating the averages.

Asphalt Content

6.4

6.1 Ind.

58 [———0¢—0—0—0—0—0 0> -.'-\,3_7/3_\ e}/ = === Moving Avg

= A+

, 5 —\ _/“ ==t \VARRRS —=—LSL
P AN L & el <l (D SN
X —a— USL

49 A

46 —o— Avg LSL

43 —— Avg USL

4 ‘ ‘ ‘
3 S 3 Q P ® $ Q
Sublot
Page 11/ 26 5.2.1 04/10



MOVING AVERAGE

Notice how the individual test result fails in sublot 1D which exceeded the single lower specification limit
(LSL). There is also a failure of the moving average in 3D. Read the specifications to determine what, if
any, lower and upper specification limits exist for test results and what action is warranted when such an
event occurs.

6. QUALITY LEVEL ANALYSIS

6.1. Quality Level Analysis is a statistical procedure that provides a method of estimating the percentage
of each lot or sublot of material, product item of construction, or completed construction that may be
expected to be within specified tolerance limits. This percent within limits is represented by the unshaded
areas under the normal curves in Figure 11.

6.2. When the specifications require that the percent within limits be established by Quality Level
Analysis, the following procedure shall apply :

Terminology:
6.2.1. x; = the individual values under consideration

6.2.2. n = the number of individual values under consideration

6.2.3. X = the arithmetic mean or average of values under consideration. X may be expressed as Zxi/n,
or the sum of the individual values divided by the number of individual values.

6.2.4. Qu = Upper Quality Index. Found by subtracting the average X from the Upper Specification
Limit (USL) and dividing by the sample standard deviation(s).

6.2.5. Q. = Lower Quality Index. Found by subtracting the Lower Specification Limit (LSL) from the

average X and dividing by the sample standard deviation (s).
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SINGLE-LIMIT SPECIFICATION
DISTRIBUTION OF CHARACTERISTIC OF INTEREST
percent

within
Eomi

percent
il
defective Limits

b e 4

lower Emit upper Emit

Figure 11. Concept of Percent Defective

6.3. Steps in Analysis for a double-limit specification:
6.3.1. Locate “n” sampling positions on the lot or sublot in a random manner.

6.3.2. Make a measurement at each sample position or take a test portion and make the measurement on
the test portion.

6.3.3. Average all measurements to find X.
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6.3.4. Compute the sample standard deviation using :

> (xj —X)*
n-1

S =

6.3.5. Find the Upper Quality Index (Qu) by subtracting the average (X ) from the Upper Specification
Limit (USL) and dividing the result by s.

(USL-%)
s

Q

6.3.6. Find the Lower Quality Index (Q.) by subtracting the Lower Specification Limit (LSL) from the
average ( X) and dividing the result by s.

 (X—LSL)
s

QL

6.3.7. Estimate the percentage that will fall below the Upper Specification limit (PWLy). This is done by
referring to Table 2 with the computed value of Qy and then reading the appropriate PWL value.

6.3.8. Estimate the percentage that will fall above the Lower Specification Limit (PWL,).

6.3.9. Determine the Quality Level stated as percent within limits (PWL).
PWL = (PWLy+PWL,) - 100

6.4. Steps in Analysis for a single-limit specification with lower-limit specified:
6.4.1. Locate “n” sampling positions on the lot or sublot in a random manner.

6.4.2. Make a measurement at each sample position or take a test portion and make the measurement on
the test portion.

6.4.3. Average all measurements to find X.

6.4.4. Compute the sample standard deviation using :
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> (xj —X)*
n-1

S =

6.4.5. Find the Quality Index (Q) by subtracting the Lower Specification Limit (LSL) from the average (
X) and dividing the result by s.

 (R—LSL)
s

Q

6.4.6. Estimate the percentage that will fall above the Specification limit (PWL). This is done by
referring to Table 2 with the computed value of Q and then reading the appropriate PWL value.

6.5. Quality Level Analysis: Example Problem for double-limit specification

A contractor has run air voids tests on five lots of SM-19B. The specification limits for air voids are 4 +
1.25 %. This sets the lower specification limit (LSL) at 2.75 % (4 - 1.25 %) air voids and the upper
specification limit (USL) at 5.25 % (4 + 1.25 %) air voids. Conduct a Quality Level Analysis and
compute the percent within limits.

Lot Sublot Percent Air VVoids
1 1A 4.30
1B 3.77
1C 4.05
1D 4.80
2 2A 4.90
2B 5.07
2C 3.82
2D 3.53
3 3A 2.67
3D 2.09
3C 2.92
3D 2.56
4 4A 2.39
4B 2.87
4C 5.56
4D 474
5 5A 2.36
5B 2.00
5C 5.99
5D 3.73
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Solution:

Lot 1: X = 4.23, s,= 0437, n= 4
Qu = 525- 423 = 233 from Table 2 PWLy = 100 %
0.437
QL= 423 -275 = 339 from Table 2 PWL_ = 100 %
0.437

PWL = (100 + 100) - 100 = 100 %

Lot 2: X = 4.33, s, =0.769, n=4

Qu= 525 - 433 =120 from Table 2 PWLy = 90 %
0.769

QL= 433 - 275 = 205 from Table 2 PWL_ = 100 %
0.769

PWL = (90 + 100) - 100 = 90 %

Lot 3: X =256, s, =0.348, n=4
Qu = 525 - 256 = 7.73 from Table 2 PWLy = 100 %
0.348
QL =25 - 275 = -55 from Table 2 PWLrae = 68.33 %
0.348

If QLis a negative number, the PWL is equal to 100 % - (value looked up in Table 2)
PWL, = (100 - 68.33) =31.67 %

PWL = (100 + 31.67) - 100 = 31.67 %

Lot 4: X =389, s, = 1506, n=4
Qu = 525 -389 =0.90 from Table 2 PWLy = 80.0%
1.506
QL = 389-275 = 0.76 from Table 2 PWL,_ = 75.33%
1.506

PWL = (80.0 + 75.33) - 100 = 55.33 %
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Lot 5: X

352, s, =1.807, n=4

Qu = 525 - 352 =0.96 from Table 2 PWLy = 82.0%
1.807

QL = 352 -275 =043 from Table 2 PWL, = 64.33%
1.807

PWL = (82.0 + 64.33) - 100 = 46.33 %
6.6. Quality Level Analysis: Example Problem for single-limit specification

A contractor has made thickness cores on three lots of concrete pavement. The lower specification limit
(LSL) is 275 mm. Conduct a Quality Level Analysis and compute the percent within limits.

Lot Sublot Thickness (mm)
1 1A 278
1B 274
1C 276
1D 280
1E 280
2 2A 261
2B 284
2C 275
2D 269
2E 281
3 3A 293
3D 288
3C 297
3D 299
3E 290
Solution:
Lot 1: X = 2776, s,= 2.608, n=5
Q = 2776 - 275 = 0.997 from Table 2. PWL = 83.64 %
2.608
Lot 2: X = 274.0, s, = 9.274, n=5
Q = 274 - 275 = -0.11 from Table 2. PWLtae = 53.91 %
9.274

If Qis a negative number, the PWL is equal to 100 % - (value looked up in Table 2.)
PWL = (100.0 - 53.91) = 46.09 %

Lot 3: X = 2934, s, = 4.615 n=5
Q =2934 - 275 = 3.99 from Table 2. PWL = 100.00 %
4.615
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Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5

N=6

N=7

N=8

N=9

N=10

N=15

N=20

N=30

N=50 N=100

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45

50.00
50.28
50.55
50.83
51.10
51.38
51.65
51.93
52.21
52.48
52.76
53.04
53.31
53.59
53.87
54.15
54.42
54.70
54.98
55.26
55.54
55.82
56.10
56.38
56.66
56.95
57.23
57.51
57.80
58.08
58.37
58.65
58.94
59.23
59.51
59.80
60.09
60.38
60.67
60.97
61.26
61.55
61.85
62.15
62.44
62.74

50.00
50.33
50.67
51.00
51.33
51.67
52.00
52.33
52.67
53.00
53.33
53.67
54.00
54.33
54.67
55.00
55.33
55.67
56.00
56.33
56.67
57.00
57.33
57.67
58.00
58.33
58.67
59.00
59.33
59.67
60.00
60.33
60.67
61.00
61.33
61.67
62.00
62.33
62.67
63.00
63.33
63.67
64.00
64.33
64.67
65.00

50.00
50.36
50.71
51.07
51.42
51.78
52.13
52.49
52.85
53.20
53.56
53.91
54.27
54.62
54.98
55.33
55.69
56.04
56.40
56.75
57.10
57.46
57.81
58.16
58.52
58.87
59.22
59.57
59.92
60.28
60.63
60.98
61.33
61.68
62.03
62.38
62.72
63.07
63.42
63.77
64.12
64.46
64.81
65.15
65.50
65.84

50.00
50.37
50.73
51.10
51.47
51.84
52.20
52.57
52.94
53.30
53.67
54.04
54.40
54.77
55.14
55.50
55.87
56.23
56.60
56.96
57.32
57.69
58.05
58.41
58.78
59.14
59.50
59.86
60.22
60.58
60.94
61.30
61.66
62.02
62.38
62.73
63.09
63.45
63.80
64.16
64.51
64.86
65.21
65.57
65.92
66.27

50.00
50.37
50.75
51.12
51.50
51.87
52.24
52.62
52.99
53.37
53.74
5411
54.49
54.86
55.23
55.60
55.97
56.35
56.72
57.09
57.46
57.83
58.20
58.56
58.93
59.30
59.67
60.03
60.40
60.77
61.13
61.50
61.86
62.22
62.58
62.94
63.31
63.67
64.02
64.38
64.74
65.10
65.45
65.81
66.16
66.51

50.00
50.38
50.76
51.14
51.51
51.89
52.27
52.65
53.03
53.41
53.78
54.16
54.54
54.92
55.29
55.67
56.04
56.42
56.79
57.17
57.54
57.92
58.29
58.66
59.03
59.41
59.78
60.15
60.52
60.89
61.25
61.62
61.99
62.35
62.72
63.08
63.45
63.81
64.17
64.53
64.89
65.25
65.61
65.96
66.32
66.67

50.00
50.38
50.76
51.15
51.53
51.91
52.29
52.67
53.05
53.43
53.82
54.20
54.58
54.96
55.34
55.71
56.09
56.47
56.85
57.23
57.60
57.98
58.36
58.73
59.11
59.48
59.85
60.23
60.60
60.97
61.34
61.71
62.08
62.45
62.81
63.18
63.54
63.91
64.27
64.63
65.00
65.36
65.71
66.07
66.43
66.79

50.00
50.38
50.77
51.15
51.54
51.92
52.30
52.69
53.07
53.46
53.84
54.22
54.60
54.99
55.37
55.75
56.13
56.51
56.89
57.27
57.65
58.03
58.40
58.78
59.16
59.53
59.91
60.28
60.66
61.03
61.40
61.77
62.14
62.51
62.88
63.25
63.62
63.98
64.35
64.71
65.07
65.43
65.79
66.15
66.51
66.87

50.00
50.39
50.78
51.17
51.56
51.95
52.34
52.73
53.12
53.51
53.90
54.29
54.67
55.06
55.45
55.84
56.22
56.61
56.99
57.38
57.76
58.15
58.53
58.91
59.29
59.67
60.05
60.43
60.81
61.19
61.56
61.94
62.31
62.69
63.06
63.43
63.80
64.17
64.54
64.90
65.27
65.63
66.00
66.36
66.72
67.08

50.00
50.39
50.79
51.18
51.57
51.96
52.36
52.75
53.14
53.53
53.92
54.31
54.70
55.09
55.48
55.87
56.26
56.65
57.04
57.43
57.81
58.20
58.58
58.97
59.35
59.73
60.11
60.49
60.87
61.25
61.63
62.01
62.38
62.76
63.13
63.51
63.88
64.25
64.62
64.98
65.35
65.72
66.08
66.44
66.80
67.16

50.00
50.40
50.79
51.19
51.58
51.98
52.37
52.76
53.16
53.55
53.95
54.34
54.73
55.12
55.52
55.91
56.30
56.69
57.08
57.47
57.85
58.24
58.63
59.01
59.40
59.78
60.17
60.55
60.93
61.31
61.69
62.07
62.45
62.82
63.20
63.57
63.95
64.32
64.69
65.06
65.42
65.79
66.15
66.52
66.88
67.24

50.00
50.40
50.79
51.19
51.59
51.98
52.38
52.78
53.17
53.57
53.96
54.36
54.75
55.14
55.54
55.93
56.32
56.71
57.11
57.50
57.89
58.27
58.66
59.05
59.44
59.82
60.21
60.59
60.97
61.35
61.73
62.11
62.49
62.87
63.25
63.62
63.99
64.37
64.74
65.11
65.47
65.84
66.21
66.57
66.93
67.29

50.00
50.40
50.80
51.19
51.59
51.99
52.39
52.78
53.18
53.58
53.97
54.37
54.76
55.16
55.55
55.95
56.34
56.73
57.12
57.52
57.91
58.30
58.69
59.07
59.46
59.85
60.23
60.62
61.00
61.38
61.76
62.14
62.52
62.90
63.28
63.65
64.03
64.40
64.77
65.14
65.51
65.88
66.24
66.61
66.97
67.33
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Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=5

N=6

N=7

N=8

N=9

N=10

N=15

N=20

N=30 N=50 N=100

0.46
0.47
0.48
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.80
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.90

63.04
63.34
63.65
63.95
64.25
64.56
64.87
65.18
65.49
65.80
66.12
66.43
66.75
67.07
67.39
67.72
68.04
68.37
68.70
69.03
69.37
69.70
70.04
70.39
70.73
71.08
71.43
71.78
72.14
72.50
72.87
73.24
73.61
73.98
74.36
74.75
75.14
75.53
75.93
76.33
76.74
77.16
77.58
78.01
78.45

65.33
65.67
66.00
66.33
66.67
67.00
67.33
67.67
68.00
68.33
68.67
69.00
69.33
69.67
70.00
70.33
70.67
71.00
71.33
71.67
72.00
72.33
72.67
73.00
73.33
73.67
74.00
74.33
74.67
75.00
75.33
75.67
76.00
76.33
76.67
77.00
77.33
77.67
78.00
78.33
78.67
79.00
79.33
79.67
80.00

66.19
66.53
66.88
67.22
67.56
67.90
68.24
68.58
68.92
69.26
69.60
69.94
70.27
70.61
70.95
71.28
71.61
71.95
72.28
72.61
72.94
73.27
73.60
73.93
74.26
74.59
74.91
75.24
75.56
75.89
76.21
76.53
76.85
77.17
77.49
77.81
78.13
78.44
78.76
79.07
79.38
79.69
80.00
80.31
80.62

66.62
66.96
67.31
67.66
68.00
68.35
68.69
69.04
69.38
69.72
70.06
70.40
70.74
71.07
71.41
71.75
72.08
72.41
72.74
73.08
73.40
73.73
74.06
74.39
74.71
75.04
75.36
75.68
76.00
76.32
76.63
76.95
77.26
77.58
77.89
78.20
78.51
78.82
79.12
79.43
79.73
80.03
80.33
80.63
80.93

66.87
67.22
67.57
67.92
68.26
68.61
68.96
69.30
69.64
69.99
70.33
70.67
71.01
71.34
71.68
72.02
72.35
72.68
73.01
73.34
73.67
74.00
74.32
74.65
74.97
75.29
75.61
75.93
76.25
76.56
76.88
77.19
77.50
77.81
78.12
78.42
78.73
79.03
79.33
79.63
79.93
80.22
80.52
80.81
81.10

67.03
67.38
67.73
68.08
68.43
68.78
69.13
69.47
69.82
70.16
70.50
70.84
71.18
71.52
71.85
72.19
72.52
72.85
73.18
73.51
73.84
74.17
74.49
74.81
75.14
75.46
75.77
76.09
76.41
76.72
77.03
77.34
77.65
77.96
78.26
78.56
78.86
79.16
79.46
79.76
80.05
80.34
80.63
80.92
81.21

67.14
67.49
67.85
68.20
68.55
68.90
69.24
69.59
69.93
70.28
70.62
70.96
71.30
71.64
71.97
72.31
72.64
72.97
73.30
73.63
73.96
74.28
74.61
74.93
75.25
75.57
75.89
76.20
76.51
76.83
77.14
77.44
77.75
78.06
78.36
78.66
78.96
79.25
79.55
79.84
80.13
80.42
80.71
81.00
81.28

67.22
67.58
67.93
68.28
68.63
68.98
69.33
69.68
70.02
70.36
70.71
71.05
71.39
71.72
72.06
72.40
72.73
73.06
73.39
73.72
74.04
74.37
74.69
75.01
75.33
75.65
75.97
76.28
76.59
76.90
77.21
77.52
77.82
78.13
78.43
78.73
79.02
79.32
79.61
79.90
80.19
80.48
80.77
81.05
81.33

67.43
67.79
68.15
68.50
68.85
69.20
69.55
69.90
70.24
70.59
70.93
71.27
71.61
71.95
72.28
72.61
72.95
73.28
73.61
73.93
74.26
74.58
74.90
75.22
75.54
75.85
76.17
76.48
76.79
77.10
77.40
77.70
78.01
78.30
78.60
78.90
79.19
79.48
79.77
80.06
80.34
80.62
80.90
81.18
81.46

67.52
67.88
68.23
68.59
68.94
69.29
69.64
69.99
70.33
70.68
71.02
71.36
71.70
72.04
72.37
72.70
73.04
73.37
73.69
74.02
74.34
74.67
74.99
75.30
75.62
75.94
76.25
76.56
76.87
77.17
77.48
77.78
78.08
78.37
78.67
78.96
79.25
79.54
79.83
80.11
80.40
80.68
80.95
81.23
81.50

67.60
67.96
68.31
68.67
69.02
69.37
69.72
70.07
70.41
70.76
71.10
71.44
71.78
7211
72.45
72.78
73.11
73.44
73.77
74.10
74.42
74.74
75.06
75.38
75.69
76.01
76.32
76.63
76.93
77.24
77.54
77.84
78.14
78.43
78.73
79.02
79.31
79.60
79.88
80.16
80.44
80.72
81.00
81.27
81.54

67.65
68.01
68.37
68.72
69.07
69.43
69.77
70.12
70.47
70.81
71.15
71.49
71.83
7217
72.50
72.84
73.17
73.50
73.82
74.15
74.47
74.79
75.11
75.43
75.74
76.05
76.36
76.67
76.98
77.28
77.58
77.88
78.18
78.47
78.77
79.06
79.35
79.63
79.91
80.20
80.47
80.75
81.02
81.30
81.57

67.69
68.05
68.40
68.76
69.11
69.46
69.81
70.16
70.51
70.85
71.19
71.53
71.87
72.21
72.54
72.87
73.20
73.53
73.86
74.18
7451
74.83
75.14
75.46
75.77
76.09
76.40
76.70
77.01
77.31
77.61
7791
78.21
78.50
78.79
79.08
79.37
79.65
79.94
80.22
80.49
80.77
81.04
81.31
81.58
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Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5

N=6

N=7

N=8

N=9

N=10

N=15

N=20

N=30 N=50 N=100

0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1.00
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10
111
1.12
1.13
1.14
115
1.16
1.17
1.18
119
1.20
121
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.30
131
1.32
1.33
1.34
1.35

78.89
79.34
79.81
80.27
80.75
81.25
81.75
82.26
82.79
83.33
83.89
84.47
85.07
85.69
86.34
87.02
87.73
88.49
89.29
90.16
91.11
92.18
93.40
94.92
97.13
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

80.33
80.67
81.00
81.33
81.67
82.00
82.33
82.67
83.00
83.33
83.67
84.00
84.33
84.67
85.00
85.33
85.67
86.00
86.33
86.67
87.00
87.33
87.67
88.00
88.33
88.67
89.00
89.33
89.67
90.00
90.33
90.67
91.00
91.33
91.67
92.00
92.33
92.67
93.00
93.33
93.67
94.00
94.33
94.67
95.00

80.93
81.23
81.54
81.84
82.14
82.45
82.75
83.04
83.34
83.64
83.93
84.22
84.52
84.81
85.09
85.38
85.67
85.95
86.24
86.52
86.80
87.07
87.35
87.63
87.90
88.17
88.44
88.71
88.98
89.24
89.50
89.77
90.03
90.28
90.54
90.79
91.04
91.29
91.54
91.79
92.03
92.27
92.51
92.75
92.98

81.22
81.51
81.81
82.10
82.39
82.67
82.96
83.24
83.52
83.80
84.08
84.36
84.63
84.91
85.18
85.45
85.71
85.98
86.24
86.50
86.76
87.02
87.28
87.53
87.78
88.03
88.28
88.53
88.77
89.01
89.25
89.49
89.72
89.96
90.19
90.42
90.64
90.87
91.09
91.31
91.52
91.74
91.95
92.16
92.37

81.39
81.67
81.96
82.24
82.52
82.80
83.08
83.35
83.63
83.90
84.17
84.44
84.70
84.97
85.23
85.49
85.74
86.00
86.25
86.51
86.75
87.00
87.25
87.49
87.73
87.97
88.21
88.44
88.67
88.90
89.13
89.35
89.58
89.80
90.02
90.23
90.45
90.66
90.87
91.07
91.28
91.48
91.68
91.88
92.08

81.49
81.77
82.05
82.33
82.61
82.88
83.15
83.43
83.69
83.96
84.22
84.49
84.75
85.00
85.26
85.51
85.76
86.01
86.26
86.51
86.75
86.99
87.23
87.46
87.70
87.93
88.16
88.39
88.61
88.83
89.06
89.27
89.49
89.70
89.91
90.12
90.33
90.53
90.74
90.94
91.13
91.33
91.52
91.71
91.90

81.56
81.84
82.12
82.39
82.67
82.94
83.21
83.47
83.74
84.00
84.26
84.52
84.77
85.03
85.28
85.53
85.78
86.02
86.27
86.51
86.74
86.98
87.21
87.45
87.68
87.90
88.13
88.35
88.57
88.79
89.00
89.22
89.43
89.64
89.85
90.05
90.25
90.45
90.65
90.84
91.04
91.23
91.41
91.60
91.78

81.61
81.89
82.16
82.44
82.71
82.97
83.24
83.51
83.77
84.03
84.28
84.54
84.79
85.04
85.29
85.54
85.78
86.03
86.27
86.50
86.74
86.97
87.20
87.43
87.66
87.88
88.10
88.32
88.54
88.76
88.97
89.18
89.39
89.59
89.79
90.00
90.19
90.39
90.58
90.78
90.97
91.15
91.34
91.52
91.70

81.73
82.00
82.27
82.54
82.80
83.06
83.32
83.58
83.84
84.09
84.34
84.59
84.83
85.08
85.32
85.56
85.80
86.03
86.26
86.49
86.72
86.95
87.17
87.39
87.61
87.82
88.04
88.25
88.46
88.66
88.87
89.07
89.27
89.47
89.66
89.85
90.04
90.23
90.42
90.60
90.78
90.96
91.14
91.31
91.48

81.77
82.04
82.31
82.57
82.84
83.10
83.35
83.61
83.86
84.11
84.36
84.60
84.85
85.09
85.33
85.56
85.80
86.03
86.26
86.48
86.71
86.93
87.15
87.37
87.58
87.79
88.00
88.21
88.42
88.62
88.82
89.02
89.22
89.41
89.60
89.79
89.98
90.16
90.34
90.52
90.70
90.88
91.05
91.22
91.39

81.81
82.08
82.34
82.60
82.86
83.12
83.37
83.63
83.88
84.12
84.37
84.61
84.85
85.09
85.33
85.56
85.79
86.02
86.25
86.47
86.69
86.91
87.13
87.34
87.55
87.76
87.97
88.18
88.38
88.58
88.78
88.97
89.16
89.36
89.54
89.73
89.91
90.10
90.28
90.45
90.63
90.80
90.97
91.14
91.31

81.83
82.10
82.36
82.62
82.88
83.13
83.39
83.64
83.88
84.13
84.37
84.62
84.85
85.09
85.32
85.55
85.78
86.01
86.23
86.46
86.68
86.89
87.11
87.32
87.53
87.74
87.94
88.15
88.35
88.54
88.74
88.93
89.12
89.31
89.50
89.68
89.87
90.05
90.22
90.40
90.57
90.74
90.91
91.08
91.24

81.85
82.11
82.37
82.63
82.89
83.14
83.39
83.64
83.89
84.13
84.38
84.62
84.85
85.09
85.32
85.55
85.78
86.00
86.23
86.45
86.66
86.88
87.09
87.30
87.51
87.72
87.92
88.12
88.32
88.52
88.71
88.91
89.09
89.28
89.47
89.65
89.83
90.01
90.18
90.36
90.53
90.70
90.87
91.03
91.19
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Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method

Quality
Index

QuorQ.

Percent Within Limits for Selected Sample Sizes

N=4

N=5

N=6

N=7

N=8

N=9

N=10

N=15

N=20 N=30 N=50 N=100

1.36
1.37
1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
151
1.52
1.53
1.54
1.55
1.56
1.57
1.58
1.59
1.60
1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.71
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

95.33
95.67
96.00
96.33
96.67
97.00
97.33
97.67
98.00
98.33
98.67
99.00
99.33
99.67
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

93.21
93.44
93.67
93.90
94.12
94.34
94.56
94.77
94.98
95.19
95.40
95.61
95.81
96.01
96.20
96.39
96.58
96.77
96.95
97.13
97.31
97.48
97.65
97.81
97.97
98.13
98.28
98.43
98.58
98.72
98.85
98.98
99.11
99.23
99.34
99.45
99.55
99.64
99.73
99.81
99.88
99.94
99.98
100.00

92.58
92.78
92.98
93.18
93.37
93.57
93.76
93.95
94.13
94.32
94.50
94.67
94.85
95.02
95.19
95.36
95.53
95.69
95.85
96.00
96.16
96.31
96.46
96.60
96.75
96.89
97.03
97.16
97.29
97.42
97.55
97.67
97.79
97.91
98.02
98.13
98.24
98.34
98.45
98.55
98.64
98.73
98.82
98.91

92.27
92.46
92.65
92.83
93.02
93.20
93.38
93.55
93.73
93.90
94.07
94.23
94.40
94.56
94.72
94.87
95.03
95.18
95.33
95.48
95.62
95.76
95.90
96.04
96.17
96.31
96.43
96.56
96.69
96.81
96.93
97.05
97.16
97.27
97.38
97.49
97.59
97.70
97.80
97.89
97.99
98.08
98.17
98.26

92.09
92.27
92.45
92.63
92.81
92.98
93.15
93.32
93.49
93.65
93.81
93.97
94.13
94.29
94.44
94.59
94.74
94.88
95.03
95.17
95.31
95.44
95.58
95.71
95.84
95.97
96.09
96.21
96.33
96.45
96.57
96.68
96.79
96.90
97.01
97.11
97.21
97.31
97.41
97.51
97.60
97.69
97.78
97.87

91.96
92.14
92.32
92.49
92.67
92.83
93.00
93.17
93.33
93.49
93.65
93.80
93.96
94.11
94.26
94.40
94.55
94.69
94.83
94.97
95.10
95.23
95.36
95.49
95.62
95.74
95.86
95.98
96.10
96.22
96.33
96.44
96.55
96.66
96.76
96.86
96.97
97.06
97.16
97.25
97.35
97.44
97.53
97.61

91.88
92.05
92.23
92.40
92.56
92.73
92.90
93.06
93.22
93.37
93.53
93.68
93.83
93.98
94.13
94.27
94.41
94.55
94.69
94.82
94.95
95.08
95.21
95.34
95.46
95.59
95.70
95.82
95.94
96.05
96.16
96.27
96.38
96.48
96.59
96.69
96.79
96.89
96.98
97.07
97.17
97.26
97.34
97.43

91.65
91.82
91.99
92.15
92.31
92.47
92.63
92.78
92.93
93.08
93.23
93.37
93.52
93.66
93.80
93.94
94.07
94.20
94.33
94.46
94.59
94.71
94.84
94.96
95.08
95.19
95.31
95.42
95.53
95.64
95.75
95.85
95.95
96.06
96.16
96.25
96.35
96.44
96.54
96.63
96.72
96.80
96.89
96.97

91.56
91.72
91.88
92.04
92.20
92.36
9251
92.66
92.81
92.96
93.10
93.25
93.39
93.52
93.66
93.80
93.93
94.06
94.19
94.31
94.44
94.56
94.68
94.80
94.92
95.03
95.14
95.25
95.36
95.47
95.57
95.68
95.78
95.88
95.98
96.07
96.17
96.26
96.35
96.44
96.53
96.62
96.70
96.79

91.47
91.63
91.79
91.95
92.10
92.26
92.41
92.56
92.70
92.85
92.99
93.13
93.27
93.40
93.54
93.67
93.80
93.93
94.05
94.18
94.30
94.42
94.54
94.66
94.77
94.88
94.99
95.10
95.21
95.32
95.42
95.52
95.62
95.72
95.82
95.91
96.01
96.10
96.19
96.28
96.37
96.45
96.53
96.62

91.40
91.56
91.72
91.88
92.03
92.18
92.33
92.48
92.62
92.76
92.90
93.04
93.18
93.31
93.45
93.58
93.71
93.83
93.96
94.08
94.20
94.32
94.44
94.55
94.67
94.78
94.89
94.99
95.10
95.21
95.31
95.41
95.51
95.61
95.70
95.80
95.89
95.98
96.07
96.16
96.24
96.33
96.41
96.49

91.35
91.51
91.67
91.82
91.98
92.13
92.27
92.42
92.56
92.70
92.84
92.98
93.12
93.25
93.38
93.51
93.64
93.76
93.89
94.01
94.13
94.25
94.36
94.48
94.59
94.70
94.81
94.92
95.02
95.13
95.23
95.33
95.43
95.53
95.62
95.71
95.81
95.90
95.99
96.07
96.16
96.24
96.33
96.41
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5  N=6 N=7 N=8 N=9 N=10 N=15

N=20 N=30 N=50 N=100

1.80
1.81
1.82
1.83
1.84
1.85
1.86
1.87
1.88
1.89
1.90
1.91
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99
2.00
2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
221
2.22
2.23
2.24

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00 9899 9835 9796 97.70 9751 97.06
100.00 99.07 98.43 98.04 97.78 97.60 97.14
100.00 99.15 9851 9812 97.86 97.68 97.21
100.00 99.22 9859 98.20 97.94 97.75 97.29
100.00 99.29 98.66 98.28 98.02 97.83 97.37
100.00 99.36 98.74 98.35 98.09 9791 97.44
100.00 99.43 98.81 98.42 98.16 97.98 97.52
100.00 99.49 98.88 98.49 9824 98.05 97.59
100.00 9954 98.94 9856 98.30 98.12 97.66
100.00 99.60 99.01 98.63 9837 98.19 97.72
100.00 99.65 99.07 98.69 98.44 98.25 97.79
100.00 99.70 99.13 98.76 9850 98.32 97.86
100.00 99.74 99.19 98.82 9856 98.38 97.92
100.00 99.78 99.24 98.88 98.63 98.44 97.98
100.00 99.82 99.30 98.93 98.68 98.50 98.04
100.00 99.85 99.35 9899 98.74 9856 98.10
100.00 99.88 99.40 99.04 98.80 98.62 98.16
100.00 9991 99.44 99.09 98.85 98.67 98.22
100.00 99.93 99.49 99.14 9890 98.73 98.27
100.00 99.95 99.53 99.19 98.95 98.78 98.33
100.00 99.97 9957 99.24 99.00 98.83 98.38
100.00 99.98 99.61 99.28 99.05 98.88 98.43
100.00 99.99 99.64 99.33 99.10 9893 98.48
100.00 100.00 99.68 99.37 99.14 98.97 98.53
100.00 100.00 99.71 99.41 99.18 99.02 98.58
100.00 100.00 99.74 99.45 99.23 99.06 98.63
100.00 100.00 99.77 99.48 99.27 99.10 98.67
100.00 100.00 99.79 99.52 99.30 99.14 98.72
100.00 100.00 99.82 9955 99.34 99.18 98.76
100.00 100.00 99.84 99.58 99.38 99.22 98.80
100.00 100.00 99.86 99.61 99.41 99.26 98.84
100.00 100.00 99.88 99.64 99.45 99.29 98.88
100.00 100.00 99.90 99.67 99.48 99.33 98.92
100.00 100.00 99.92 99.70 99.51 99.36 98.96
100.00 100.00 99.93 99.72 99.54 99.39 99.00
100.00 100.00 99.94 99.74 99.57 99.42 99.03
100.00 100.00 99.95 99.77 99.59 99.45 99.07
100.00 100.00 99.96 99.79 99.62 99.48 99.10
100.00 100.00 99.97 99.81 99.64 99.51 99.13
100.00 100.00 99.98 99.83 99.67 99.54 99.17
100.00 100.00 99.99 99.84 99.69 99.56 99.20
100.00 100.00 99.99 99.86 99.71 99.59 99.23
100.00 100.00 99.99 99.87 99.73 99.61 99.26
100.00 100.00 100.00 99.89 99.75 99.63 99.29
100.00 100.00 100.00 99.90 99.77 99.66 99.31

96.87
96.95
97.02
97.10
97.18
97.25
97.32
97.39
97.46
97.53
97.60
97.66
97.73
97.79
97.85
97.91
97.97
98.03
98.08
98.14
98.19
98.24
98.29
98.34
98.39
98.44
98.49
98.53
98.58
98.62
98.66
98.70
98.74
98.78
98.82
98.86
98.90
98.93
98.97
99.00
99.03
99.06
99.10
99.13
99.15

96.70
96.78
96.85
96.93
97.01
97.08
97.15
97.22
97.29
97.36
97.43
97.49
97.55
97.62
97.68
97.74
97.80
97.86
97.91
97.97
98.02
98.07
98.13
98.18
98.23
98.27
98.32
98.37
98.41
98.46
98.50
98.54
98.58
98.62
98.66
98.70
98.74
98.78
98.81
98.85
98.88
98.91
98.95
98.98
99.01

96.57
96.65
96.73
96.81
96.88
96.95
97.03
97.10
97.17
97.23
97.30
97.37
97.43
97.49
97.55
97.61
97.67
97.73
97.79
97.84
97.90
97.95
98.00
98.05
98.10
98.15
98.20
98.24
98.29
98.34
98.38
98.42
98.46
98.50
98.54
98.58
98.62
98.66
98.70
98.73
98.77
98.80
98.83
98.87
98.90

96.49
96.57
96.64
96.72
96.79
96.87
96.94
97.01
97.08
97.15
97.21
97.28
97.34
97.40
97.46
97.52
97.58
97.64
97.70
97.75
97.81
97.86
97.91
97.96
98.01
98.06
98.11
98.16
98.21
98.25
98.29
98.34
98.38
98.42
98.46
98.50
98.54
98.58
98.61
98.65
98.69
98.72
98.75
98.79
98.82

Page 22 / 26

5.21

04/10



Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5  N=6 N=7 N=8 N=9 N=10 N=15

N=20 N=30 N=50 N=100

2.25
2.26
2.27
2.28
2.29
2.30
231
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40
241
242
2.43
2.44
2.45
2.46
2.47
2.48
2.49
2.50
2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.68
2.69

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00 100.00 100.00 99.91 99.79 99.68 99.34
100.00 100.00 100.00 99.92 99.80 99.70 99.37
100.00 100.00 100.00 99.93 99.82 99.71 99.39
100.00 100.00 100.00 99.94 99.83 99.73 99.42
100.00 100.00 100.00 99.95 99.85 99.75 99.44
100.00 100.00 100.00 99.96 99.86 99.77 99.46
100.00 100.00 100.00 99.96 99.87 99.78 99.48
100.00 100.00 100.00 99.97 99.89 99.80 99.51
100.00 100.00 100.00 99.98 99.90 99.81 99.53
100.00 100.00 100.00 99.98 99.91 99.82 99.55
100.00 100.00 100.00 99.98 99.92 99.84 99.57
100.00 100.00 100.00 99.99 99.92 99.85 99.58
100.00 100.00 100.00 99.99 99.93 99.86 99.60
100.00 100.00 100.00 99.99 99.94 99.87 99.62
100.00 100.00 100.00 100.00 99.95 99.88 99.64
100.00 100.00 100.00 100.00 99.95 99.89 99.65
100.00 100.00 100.00 100.00 99.96 99.90 99.67
100.00 100.00 100.00 100.00 99.96 99.91 99.68
100.00 100.00 100.00 100.00 99.97 99.92 99.70
100.00 100.00 100.00 100.00 99.97 99.92 99.71
100.00 100.00 100.00 100.00 99.98 99.93 99.73
100.00 100.00 100.00 100.00 99.98 99.94 99.74
100.00 100.00 100.00 100.00 99.98 99.94 99.75
100.00 100.00 100.00 100.00 99.99 99.95 99.76
100.00 100.00 100.00 100.00 99.99 99.95 99.77
100.00 100.00 100.00 100.00 99.99 99.96 99.79
100.00 100.00 100.00 100.00 99.99 99.96 99.80
100.00 100.00 100.00 100.00 99.99 99.97 99.81
100.00 100.00 100.00 100.00 100.00 99.97 99.82
100.00 100.00 100.00 100.00 100.00 99.97 99.83
100.00 100.00 100.00 100.00 100.00 99.98 99.83
100.00 100.00 100.00 100.00 100.00 99.98 99.84
100.00 100.00 100.00 100.00 100.00 99.98 99.85
100.00 100.00 100.00 100.00 100.00 99.99 99.86
100.00 100.00 100.00 100.00 100.00 99.99 99.87
100.00 100.00 100.00 100.00 100.00 99.99 99.87
100.00 100.00 100.00 100.00 100.00 99.99 99.88
100.00 100.00 100.00 100.00 100.00 99.99 99.89
100.00 100.00 100.00 100.00 100.00 99.99 99.89
100.00 100.00 100.00 100.00 100.00 99.99 99.90
100.00 100.00 100.00 100.00 100.00 100.00 99.91
100.00 100.00 100.00 100.00 100.00 100.00 99.91
100.00 100.00 100.00 100.00 100.00 100.00 99.92
100.00 100.00 100.00 100.00 100.00 100.00 99.92
100.00 100.00 100.00 100.00 100.00 100.00 99.93

99.18
99.21
99.24
99.26
99.29
99.32
99.34
99.36
99.39
99.41
99.43
99.45
99.47
99.49
99.51
99.53
99.55
99.56
99.58
99.60
99.61
99.63
99.64
99.66
99.67
99.68
99.70
99.71
99.72
99.73
99.74
99.75
99.76
99.77
99.78
99.79
99.80
99.81
99.82
99.83
99.84
99.84
99.85
99.86
99.86

99.04
99.07
99.10
99.12
99.15
99.18
99.20
99.23
99.25
99.28
99.30
99.32
99.34
99.37
99.39
99.41
99.43
99.44
99.46
99.48
99.50
99.52
99.53
99.55
99.56
99.58
99.59
99.61
99.62
99.63
99.65
99.66
99.67
99.68
99.70
99.71
99.72
99.73
99.74
99.75
99.76
99.77
99.78
99.78
99.79

98.93
98.96
98.99
99.02
99.05
99.07
99.10
99.13
99.15
99.18
99.20
99.22
99.25
99.27
99.29
99.31
99.33
99.35
99.37
99.39
99.41
99.43
99.45
99.46
99.48
99.50
99.51
99.53
99.54
99.56
99.57
99.59
99.60
99.61
99.62
99.64
99.65
99.66
99.67
99.68
99.69
99.70
99.71
99.72
99.73

98.85
98.88
98.91
98.94
98.97
99.00
99.03
99.05
99.08
99.10
99.13
99.15
99.18
99.20
99.22
99.25
99.27
99.29
99.31
99.33
99.35
99.37
99.38
99.40
99.42
99.44
99.45
99.47
99.49
99.50
99.52
99.53
99.54
99.56
99.57
99.59
99.60
99.61
99.62
99.63
99.65
99.66
99.67
99.68
99.69
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5  N=6 N=7 N=8 N=9 N=10 N=15

N=20 N=30 N=50 N=100

2.70
2.71
2.72
2.73
2.74
2.75
2.76
2.77
2.78
2.79
2.80
2.81
2.82
2.83
2.84
2.85
2.86
2.87
2.88
2.89
2.90
291
2.92
2.93
2.94
2.95
2.96
2.97
2.98
2.99
3.00
3.01
3.02
3.03
3.04
3.05
3.06
3.07
3.08
3.09
3.10
311
3.12
3.13
3.14

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00 100.00 100.00 100.00 100.00 100.00 99.93
100.00 100.00 100.00 100.00 100.00 100.00 99.94
100.00 100.00 100.00 100.00 100.00 100.00 99.94
100.00 100.00 100.00 100.00 100.00 100.00 99.94
100.00 100.00 100.00 100.00 100.00 100.00 99.95
100.00 100.00 100.00 100.00 100.00 100.00 99.95
100.00 100.00 100.00 100.00 100.00 100.00 99.95
100.00 100.00 100.00 100.00 100.00 100.00 99.96
100.00 100.00 100.00 100.00 100.00 100.00 99.96
100.00 100.00 100.00 100.00 100.00 100.00 99.96
100.00 100.00 100.00 100.00 100.00 100.00 99.97
100.00 100.00 100.00 100.00 100.00 100.00 99.97
100.00 100.00 100.00 100.00 100.00 100.00 99.97
100.00 100.00 100.00 100.00 100.00 100.00 99.97
100.00 100.00 100.00 100.00 100.00 100.00 99.97
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.98
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 99.99
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00

99.87
99.88
99.88
99.89
99.89
99.90
99.90
99.91
99.91
99.92
99.92
99.93
99.93
99.93
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99

99.80
99.81
99.82
99.82
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.88
99.88
99.89
99.89
99.90
99.90
99.91
99.91
99.91
99.92
99.92
99.92
99.93
99.93
99.93
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97

99.74
99.75
99.76
99.77
99.78
99.78
99.79
99.80
99.81
99.81
99.82
99.83
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.88
99.88
99.88
99.89
99.89
99.90
99.90
99.90
99.91
99.91
99.92
99.92
99.92
99.93
99.93
99.93
99.93
99.94
99.94
99.94
99.94
99.95
99.95
99.95
99.95

99.70
99.71
99.72
99.73
99.73
99.74
99.75
99.76
99.77
99.77
99.78
99.79
99.80
99.80
99.81
99.82
99.82
99.83
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.87
99.88
99.88
99.89
99.89
99.89
99.90
99.90
99.91
99.91
99.91
99.92
99.92
99.92
99.92
99.93
99.93
99.93
99.93
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index

Quor Q.

Percent Within Limits for Selected Sample Sizes

N=4

N=5  N=6 N=7 N=8 N=9 N=10 N=15

N=20 N=30 N=50 N=100

3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34
3.35
3.36
3.37
3.38
3.39
3.40
3.41
3.42
3.43
3.44
3.45
3.46
3.47
3.48
3.49
3.50
3.51
3.52
3.53
3.54
3.55
3.56
3.57
3.58
3.59

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00

99.99

99.99

99.99

99.99

99.99

99.99

99.99

99.99

99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.95
99.96
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99

99.94
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQ.| N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100

3.60[ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.99
3.61| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.99
3.62| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.63| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.64| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.65| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.66| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.67| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.68| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.69| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.70| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.71| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.72| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.73| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.74| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.75| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.76| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

The estimates of lot percent within limits (PWL) provided in the tables are obtained by numerically
integrating the beta distribution function corresponding to Quality Index (Q) and Sample Size (N).

To find PWL from the tables, compute Q from the sample mean and sample standard deviation with
unknown population variability, and the lower or upper specification limits.

To find the PWL for a negative Quality Index, first get the PWL for the positive value of the Quality
Index from the tables and subtract the result from 100.
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