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Chapter 4
Variables Sampling Plans

Variables Sampling Plans

* When actual quantitative information can be measured on sampled items,
rather than simply classifying them as conforming or nonconforming.

*» When a lot is rejected, the measurements in relation fo the specification
limits give additional information to the supplier and may help to prevent
rejected lols in the future.

* The disadvantage of variables sampling plans is that they are based on the
assumplion that the measurements are normally distributed
» There are three methods of
— k-method
— M-method
— Gauge R&R



k-Method — LSL Known SD

* To define a variables sampling plan the number of samples n and an
acceptance constant k must be determined.

* A lot would be accepted if

(z —LSL)/o > k

* where X is the sample mean and o is the standard deviation of the
measurements

& The mean and standard deviation are assumed (o be known from past
experience.

k-Method— LSL Known SD

» In terms of the statistical theory of hypothesis testing, accepting the lot
would be equivalent to failing to reject the null hypothesis:

Hy :p > pagr

H,:p<paor
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k-Method— LSL Known SD

* When the measurements are assumed T
to be normally distributed with a
lower specification limit LSL, the
AQL and the RQL in terms of
proportion of items below the LSL
can be visualized as areas under the
normal curve to the left of the LSL as
shown

k-Method— LSL Known SD

* If the producer s risk is a and the consumer s risk is [, then

z— LSL
P ( . = >k|p= .MAQL) =1l-a (3.1)

r— LSL ..
P (L . >k | = #RQL) =8 (3.2)
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k-Method— LSL Known SD

* By mulnplying both sides of the z'nequah‘zy z'mz'de the parenthesis by \n

subrmcrmg from each side, and adding T to each side, it can be seen
that

T — LSL
P(a JS >k,u=,uAQL):1—af

r— LSL LSL —
T S >k:> T — pAQL > kv + S HAQL
o Co/Vn o/vn

k-Method — LSL Known SD

* So
LSL — paor
P(Z>k/n+ — =) =1-q
( i o/vn ) "
(3.4)
LSL — pagr
kvn+ ———=—= ) =c
P(Z< v + o/ ) o
LSL - paqL
k’ —_— = Zu
iy
Zo LSL—p, Lo
p= 2o oL T HAQL _ — ZAQL (3.5)

vn a n
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k-Method — LSL Known SD

* Performing the same manipulations with the inequality in second equation it
can be shown that oz

- ZRQL

» Equating the solution for k in the next to last line in Equation 3.5 with the
solution for k in Equation 3.6 and solving for n, it can be seen that

(3.6)

Zu' Zl—.‘ﬁ
LW N .. N
\/ﬁ AQL \/ﬁ RQL

e (i) (3.7)
ZAQL — ZRQL

k-Method — LSL Known SD

* So, conducting the sampling plan on a lot consists of the following steps:

1. Take a random sample of n items from the lot

2. Measure the critical characteristic x on each sampled item
3. Calculate the mean measurement X

4. Compare L9 1o the acceptance constant k

L = k, accept the lot, otherwise reject the lot
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k-Method — LSL Unknown SD

» When the standard deviation is unknown, conducting the sampling plan on a
lot of material consisis of the following steps:

o~

b

Take a random sample of n items from the lot
Measure the critical characteristic x on each sampled item

Calculate the mean measurement X, and the sample standard deviation s
Z—LSL
s

Compare

If

fo the acceptance constant k

X—LSL

> k, accept the lot, otherwise reject the lot

k-Method — USL Known SD

[19]

oW

When the standard deviation is known, conducting the sampling plan on a
lot of material consists of the following steps:

lake a random sample of n items from the lot
Measure the critical characteristic x on each sampled item

Calculate the mean measurement x

SL—x

U
Compare to the acceptance constant k

Ir

USL-Xx

> k, accept the lot, otherwise reject the lol
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k-Method — USL Unknown SD

» When the standard deviation is unknown, condiicting the sampling plan on a
lot of material consists of the following steps:

1. Take a random sample of n items from the lot

o

Measure the critical characteristic x on each sampled item

3. Calculate the mean measurement X, and the sample standard deviation s
4. Compare U7X to the accepltance constant k

F—LSL ; :
% oA > k, accept the lot, otherwise reject the lot

)

MIL STD 414

* The standard was introduced in 1957.
* MIL STD 414 is a lot-by-lot acceptance-sampling plan for variables.

* The focal point of this standard is the acceptable quality level (AQL), which
ranges from 0.04% to 15%.

» The standard was also adopted by the International Organization for
Standardization as 15O 3951.
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MIL STD 414

* MIL STD 414 is divided into four sections:

—Section A is a general description of the sampling plans, including
definitions, sample-size code letters, and OC curves.

—Section B gives variables-sampling plans based on the sample standard
deviation for the case in which the process or lot variability is unknown.

—Section C presents variables sampling plans based on the sample range
method.

—Section D gives variables-sampling plans for the case where the process
standard deviation is known.

Use of the Tables

» Example. Consider there are soft-drink bottler with the lower specification
limit on bursting strength is 225 psi.

* We use inspection level IV

* Suppose that the AQL at this specification limit is 1%.

* Let us suppose that bottles are shipped in lots of size 100,000.
* Find a variables sampling plan that uses MIL STD 414.

» Assume that the lot standard deviation is unknown.
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Use of the Tables

s Answer:

» From Table 16.1, if we use inspection level IV, the sample size code letter is

0.

» From Table 16.2 we find that sample size code letter O implies a sample size
of n = 100.

» For an acceptable quality level of 1%, on normal inspection, the value of k
is 2.00.

* Iftightened inspection is employed, the appropriate value of k is 2.14.

» The AQL values for normal inspection are indexed at the top of the table,
and the AQL values for tightened inspection are indexed from the bottom of
the table.

Sample-Size Code Letters (MIL STD 414, Table A.2)

TABLE 16.1 Inspection Levels
Lot Size

308
9to 15
16 to 25
26 to 40
41 to 65
66 to 110
111 to 180
181 to 300
301 o 500
501 to 800
801 to 1,300
1,301 to 3,200
3,201 to 8,000
8,001 to 22,000
22,001 to 110,000
110,001 to 550,000
550.001 and over
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Master Table for Normal and Tightened Inspection for Plans Based on Variability Unknown (Standard Deviation Method) (Single-Specification
Limit—Form 1)(MIL STD 414, Table B.1)

_ o Acceptable Quality Levels (normal inspection)

e ey o4 [ oss [ 10 [ 1s | 25 [ 40 | 65 100 [ 150 [ 250 [ 400 | 650 [ 1000 [ 15.00
BIIEEE I E R E N EE IR AN

8 3 I I I I I | * VI W | sss| 76| s66| 341

c 4 145 | 134 | 117 [ o1 | 84| 617) 393

D 5 l l l l w |65 | 153 | 140 [ 124 [ 107 | mre| 5] ass

E 7 200 (138 | 175 | 162 | 150 [ 133 | 115 | 9s5| .7s5| 536

F 10 224 {211 [ 198 | 184 [ 172 | 158 [ 141 (123 [ 103 | s8] 61

G 15 264 | 253 242 | 232 (220 | 206 191 | 179 | 1.65 [ 147 | 130 | 109 | .886| 664
H 20 269 | 258 | 247 | 236 [ 224 | 211 [ 196 | 182 | 169 [ 151 | 133 | 12 | 17| 695

1 25 272 | 261 | 250 | 240 | 226 | 234 | 198 | 185 | 172 | 153 [ 135 | 114 | 93| o2

3 30 273 | 261 | 251 | 241 | 228 | 205 | 200 | 136 | 13 | 155 [136 [ 115 | ses| 3

K 35 277 | 265 (254 | 245 | 231 | 218 | 203 | 189 | 176 | 157 | 139 | 118 | 969| 745

L 40 277 | 266 | 255 | 244 | 231 | 218 | 203 | 189 | 176 [ 158 | 139 | 118 | o7 46
M 50 283 | 271 260 | 250 | 235 | 222 [ 208 | 193 | 180 | 161 | 142 | 121 | 100 | 77
N 75 290 | 277 | 266 | 255 | 241 | 227 | 202 | 198 | 184 | 165 | 146 | 124 | 103 | 804
o 100 292 | 280 | 269 | 258 | 243 [ 229 | 214 | 200 | 186 | 167 | 148 | 126 | 105 | 19
P 150 296 | 284 | 273 | 261 | 247 | 233 [ 218 [ 203 | 189 [ 170 | 151 | 129 | 107 | 8@
Q 200 297 | 285 | 273 | 262 | 247 | 233 | 218 | 204 | 189 | 170 | 151 | 129 | 107 | s

06s| 10 | s | 25 | 40 | 65 | 1.00 | 150 | 250 | 400 | 650 1000 [1500

Acceptable Quality Levels (tightened inspection)

All AQL values are in percent defective.
+ Use first sampling plan below arrow —that is, both sample size as well as k value. When sample size equals or exceeds lot size, every item i the Jot must be inspected.

Acceptance Sampling
by Standards

Using predetermined
plan for quality
control

9

(Attributes

l\Variables <

MIL STD 10SE (ISO 2859)

Dodge-Romig Plan
(
MIL STD 414 (ISO 3951)
Known SD
USL
Unknown SD
\ k-method
Known §D
LSL
Unknown SD
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