Acceptance Sampling
This 4-6 hour overview of acceptance sampling is designed primarily for manufacturing engineers, supervisors, and technicians. It begins with the underlying principles of acceptance sampling, followed by the specifics of attribute (good/bad) and variables (measurements) acceptance sampling plans.
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1. What is acceptance sampling?

· An acceptance sampling plan allows the use of limited data (a sample) to decide, with specific levels of confidence, whether manufacturing lots meet quality requirements.

· Limitations of inspections by humans as opposed to automated systems (self-check systems, error-proofing devices).

· Quality cannot be inspected into the product.

· Origins and costs of acceptance sampling.

· Random sampling requirement

· ISO 9000 considerations and sample audit questions

· Asking these questions about an acceptance sampling plan can be very helpful and can in fact prevent serious trouble.

2. The Operating Characteristic Curve. The OC curve is useful for illustrating the operation of acceptance sampling plans and the following parameters:

· Overview of statistical risks and hypothesis testing

· Sample plan parameters:

· Sample size n: the number of pieces to be inspected

· Acceptance number c: the number of defects that are permitted in a sample of size n. If c or fewer are found, the lot is accepted while if c+1 or more are found, the lot is rejected. A sampling plan is defined completely by n and c.

· Nonconforming fraction p: the fraction of parts in the lot that do not meet quality requirements. p can only be inferred or estimated from a sample.

· Acceptable Quality Level (AQL): the level of quality, as measured by nonconforming fraction p, at which lots should be accepted.

· Producer's risk alpha (): the chance of rejecting a lot when p=AQL

· Rejectable Quality Level (RQL) or Lot Tolerance Percent Defective (LTPD): the level of quality, as measured by nonconforming fraction p, at which lots should be rejected.

· Consumer's or customer's risk beta (): the chance of accepting a lot when p=RQL
· Average Outgoing Quality (AOQ): the average fraction of nonconforming parts that will be shipped to the customer given incoming nonconforming fraction p and sample plan (n,c).

· Average Outgoing Quality Limit (AOQL): the maximum (worst-case) fraction of nonconforming parts that will be shipped to the customer given sample plan (n,c).
· Costs of acceptance sampling plans

· Costs of inspection (appraisal), rework or replacement (internal failure), and failure in the customer's hands (external failure).

· Average total inspection (ATI)

3. Attribute Sampling Plans: ANSI/ASQ Standard Z1.4 (formerly Mil-Std 105E)

· Standards and their basic features

· Defects and nonconformances

· Lots and batches

· Switching rules: normal, tightened, and reduced inspection
· Sample size code letters based on lot or batch size and inspection level

· Single (n,c) sampling plans for normal and tightened inspection

· Determination of (n,c) is from the sample size code letter and the specified AQL

· The indicated sample size and acceptance number must be used. (n=200, c=2) does not perform the same way as (n=100, c=1) and it is not acceptable to substitute the second for the first (or vice versa).

· Multiple sampling plans allow an accept/reject decision with smaller samples than single sampling plans but inspectors must understand how to use them properly. (The same goes for sequential sampling plans.)
· They are designed to reject "very bad" lots very quickly while accepting "very good" lots quickly as well.

· Average sample number (ASN)

· Sequential sampling plans

· Performance of sequential sampling plans

· Continuous sampling plans (CSPs) are useful for continuous processes. They are based on the AOQL and they are defined by the integer set (I,k).

· Start by inspecting 100% of I parts

· When I parts have been inspected with no defects being found, switch to sampling mode and inspect every kth piece.

· When a defect is found on the kth piece, go back to 100% inspection (in which I pieces must pass).

· Zero acceptance number (c=0) plans are very simple because even one defect in the sample requires rejection of the lot. They may not, however, be capable of meeting specific requirements as defined by AQL, , RQL, and .

· Discovery sampling in auditing is one application.

4. Variables Sampling Plans: ANSI/ASQ Standard Z1.9 (formerly Mil-Std 414)

· Since variables data (measurements) contain far more information than attributes (good/bad), sample sizes are much smaller than for attribute plans.

· Assumption of normality is, however, required. That is, the product's quality characteristic must follow a normal or bell-curve distribution for this standard to work properly. This consideration cannot be overemphasized and a good ISO 9001:2000 audit question is, "How does the organization test the data for normality before using ANSI/ASQ Z1.9 or MIL-STD 414?"
· Purpose of sampling by variables. Concepts of variation and accuracy.

· ANSI/ASQ Z1.9 and MIL-STD 414

· Switching rules

· Sample size code letters are again based on the lot size and the inspection level.

· Procedures for when the process variation is unknown and must be estimated from the sample standard deviation or average range:

· Section B plans: sample standard deviation method

· Form 1 (k value) method

· Form 2 (nonconforming fraction) method. Required for two-sided specification limits.

· Section C plans: average range method

· Section D plans: procedure when the process variation is known

· Single and double specifications

