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In the complex ecosystem of global automotive and aerospace manufacturing, the assurance of quality is not
merely a preference but a foundational requirement. The Production Part Approval Process (PPAP), specifically
the 4th Editionpublished by the Automotive Industry Action Group (AIAG), represents the industry-standard
framework for ensuring that a supplier's manufacturing process is capable of consistently producing parts that meet
all customer requirements. This technical guide provides an exhaustive analysis of the PPAP framework, its 18
essential elements, submission levels, and the rigorous methodologies required to achieve successful part
approval.

The Strategic Significance of PPAP in Modern Manufacturing

The primary objective of the PPAP is to provide the evidence required to show that all customer engineering design
record and specification requirements are properly understood by the organization and that the manufacturing
process has the potential to produce product consistently meeting these requirements during an actual production
run at the quoted production rate. It acts as a bridge between the Advanced Product Quality Planning (APQP)
phase and full-scale mass production.

By mandating a structured approval process, OEMs (Original Equipment Manufacturers) can mitigate the risks
associated with product recalls, manufacturing downtime, and safety failures. For the supplier, PPAP serves as a
validation of their process capability, ensuring that their investment in tooling, machinery, and quality control
systems is aligned with the customer's expectations. The 4th Edition specifically introduced a more process-
oriented approach, emphasizing the importance of alignment with the ISO/TS 16949(now IATF 16949) quality
management system standards.

The 18 Elements of PPAP: A Technical Breakdown

A standard PPAP submission consists of up to 18 distinct elements, each providing a specific layer of
documentation and validation. Depending on the submission level requested by the customer, a subset or the
entirety of these elements must be provided.

1. Design Records

Design records include a copy of the drawing or the electronic data used to manufacture the part. This
documentation must include every detail, including specifications for materials, dimensions, and tolerances. If the
customer is responsible for the design, the supplier must maintain a copy of the customer's design records; if the
supplier is design-responsible, they must provide their own engineering drawings. Crucially, these records must
include Ballooned Drawings, where every dimension and specification is numbered to correspond with the
Dimensional Results report.

2. Engineering Change Documents

Any authorized engineering change documents that have not yet been incorporated into the design record but are
reflected in the part must be documented. This ensures that the "as-built" configuration matches the "as-designed"



configuration, even if formal drawing updates are pending in the customer's system.

3. Customer Engineering Approval

Certain components require specific engineering approvals from the customer before a PPAP can be submitted.
This is often common in cases involving safety-critical components or proprietary technologies where the
customer's engineering team must sign off on prototype performance or design iterations.

4. Design Failure Mode and Effects Analysis (DFMEA)

If the supplier is design-responsible, they must conduct a Design Failure Mode and Effects Analysis (DFMEA).
This analytical technique identifies potential failure modes in the design and assesses their impact. The goal is to
design out failures before the product reaches the manufacturing stage. Key metrics include the Severity (S),
Occurrence (0O), and Detection (D) rankings, which combine to form the Risk Priority Number (RPN).

5. Process Flow Diagram (PFD)

The Process Flow Diagram illustrates the entire manufacturing sequence from raw material receipt through to
shipping. It must accurately reflect the steps taken in the actual production environment, including inspection
points, rework loops, and scrap handling. The PFD serves as the logical foundation for the PFMEA and the Control
Plan.

6. Process Failure Mode and Effects Analysis (PFMEA)

The PFMEAIs perhaps the most critical document in the PPAP package. It examines the manufacturing process to
identify where failures could occur (e.g., machine error, human error, environmental factors). Each potential failure
is ranked by severity, occurrence, and detection. A high RPN indicates a process step that requires additional
controls or preventive measures. The 4th Edition emphasizes that the PFMEA should be a "living document" that is
updated as process knowledge increases.

7. Control Plan (CP)

The Control Plan defines the methods used for quality control at each stage of the process. It includes details on
the parameters to be measured, the equipment used, the sample size, the frequency of measurement, and the
Reaction Plan if a non-conformance is detected. Control Plans are categorized into three phases: Prototype, Pre-
launch, and Production.

8. Measurement Systems Analysis (MSA) Studies

To ensure that the data collected during inspection is reliable, suppliers must perform MSA studies. This typically
involves Gage Repeatability and Reproducibility (Gage R&amp;R)studies for all equipment used in the Control
Plan. For a process to be considered acceptable, the Gage R&amp;R error should ideally be less than 10% of the
total process variation, with 10% to 30% being marginal and over 30% being unacceptable.

9. Dimensional Results

Suppliers must provide evidence that dimensional checks have been performed and that results match the design
record. This involves measuring a specified number of parts (typically 1 to 5) and documenting every single
dimension identified in the ballooned drawing. Any out-of-tolerance condition must be resolved or formally waived
by the customer before submission.

10. Records of Material / Performance Test Results

This element includes two main types of data: Material Test Results (confirming that the physical properties of the
material match the specification) and Performance Test Results (proving that the finished part functions as



intended under environmental or mechanical stress). This often includes chemical analysis reports, tensile strength
tests, and durability cycle testing.

11. Initial Process Studies

Before mass production, the supplier must demonstrate process capability using statistical indices. For critical
characteristics, the customer usually requires a minimum Ppk (Preliminary Process Performance Index) or Cpk
(Process Capability Index). The standard requirement is often a Cpk/Ppk of 1.33 or 1.67, depending on the
criticality of the feature.

12. Qualified Laboratory Documentation

If testing is performed in-house, the supplier must provide documentation showing that their laboratory has the
required scope and competency (e.g., ISO/IEC 17025 certification). If an external lab is used, their accreditation
must also be provided.

13. Appearance Approval Report (AAR)

For parts where aesthetics are important (e.g., interior trim, painted surfaces), an AAR is required. This report
documents that the part meets the customer's requirements for color, grain, gloss, and texture. It usually requires a
physical sign-off by the customer's appearance specialist.

14. Sample Production Parts

The supplier provides actual parts from the production run to the customer. These parts are used for fit-and-finish
verification or independent lab testing by the customer.

15. Master Sample

The supplier must retain a master sample for the duration of the part's production life plus one year, or as specified
by the customer. This serves as a physical benchmark for comparison in case of future quality disputes.

16. Checking Aids

If the supplier uses specialized gauges, fixtures, or templates for inspection, they must provide documentation for
these aids. This includes evidence that the aid matches the part's design record and has been calibrated.

17. Customer-Specific Requirements

Every OEM (e.g., Ford, GM, Toyota) has its own set of unique requirements that go beyond the AIAG 4th Edition
manual. These must be documented and addressed within the PPAP package.

18. Part Submission Warrant (PSW)

The PSWis the summary document that concludes the PPAP package. It includes basic information about the part,
the reason for submission, and the supplier's declaration that the parts meet all requirements. Once the customer
signs the PSW, the part is officially approved for production.

PPAP Submission Levels: Comparison Matrix

Not every PPAP submission requires all 18 elements. The customer specifies the "Submission Level," which
dictates which documents must be submitted to the customer and which must be retained by the supplier at their
facility.



Level Requirement Description Submission Content

Level 1 Warrant and Appearance Approval PSW and AAR (if applicable).
Report only.
Level 2 Warrant with product samples and PSW, samples, and subset of data.

limited supporting data.

Level 3 Warrant with product samples and Standard Level: All 18 elements
complete supporting data. submitted.
Level 4 Warrant and other requirements as Customized list per customer request.

defined by the customer.

Level 5 Warrant with product samples and All elements reviewed at supplier
complete data reviewed at site. facility.

Statistical Process Control (SPC) and Capability Indices

Central to Element 11 of the PPAP is the mathematical validation of process capability. In the 4th Edition, the focus
is on two primary indices: Cpk and Ppk. Understanding the difference between these is vital for technical
compliance.

The Cpk Index

The Cpk (Process Capability Index)measures how well the process can produce parts within specification limits,
assuming the process is stable. It is calculated using the formula:

Cpk = min[ (USL - ;A’ 0 f3A), GAO A4A' 0 f3A) ]

Where:USL = Upper Specification LimitLSL = Lower Specification Limit;A Process Mean=<0 Within-subgroup
standard deviation (short-term variation)

The Ppk Index

The Ppk (Process Performance Index)is used for initial process studies where long-term stability hasn't been
established. It uses the total standard deviation (s) rather than the within-subgroup variation. It provides a more
realistic view of the actual performance of the process during the PPAP run.

Interpretation of Results

¢ Index &gt; 1.67: The process currently meets the acceptance criteria.

¢ 1.33"d Index "d 1.67: The process may be acceptable, but requires customer approval.

e Index &lt; 1.33: The process is not capable of meeting the requirements; a modified Control Plan or process
improvement is mandatory.

Step-by-Step PPAP Implementation Workflow

Executing a successful PPAP requires a cross-functional approach involving engineering, quality, production, and
procurement. Follow this procedural workflow to ensure compliance:

1. Kick-off and Requirement Review: Review the customer's Purchase Order and the AIAG 4th Edition manual.
Identify the required Submission Level and any Customer-Specific Requirements (CSRs).
2. Design and Process Planning: Finalize the DFMEA (if design-responsible) and develop the Process Flow



Diagram.

3. Risk Assessment: Complete the PFMEA based on the PFD. Focus on high-RPN items and implement
corrective actions early.

4. Measurement Readiness: Identify all gauges and inspection equipment. Perform MSA (Gage R&amp;R) to
validate that your measurement system is capable.

5. The Production Trial Run: Conduct a production run (typically 300 pieces or as specified) using the actual
production tooling, equipment, environment, and operators. This is the source of all PPAP data.

6. Data Collection: Perform dimensional measurements, material testing, and performance testing on the parts
from the trial run. Conduct Initial Process Studies (Cpk/Ppk).

7. Documentation Compilation: Assemble all 18 elements into a coherent package. Use the 4th Edition forms or
customer-approved software templates.

8. Internal Review: The Quality Manager and Engineering Lead must review the package for accuracy and
completeness.

9. Submission: Submit the PSW and supporting documents to the customer's SQE (Supplier Quality Engineer).

10. Customer Disposition: The customer will return the PSW marked as "Approved," "Interim Approval," or
"Rejected."

Common Failure Modes in PPAP Submissions

Even seasoned suppliers encounter challenges during the PPAP process. Technical writers and quality engineers
should be aware of these frequent pitfalls:

1. Discrepancy Between Documents

A common error is a lack of alignment between the PFD, PFMEA, and Control Plan. For instance, if a process step
is listed in the PFD but missing from the PFMEA, the submission will likely be rejected. Every risk identified in the
PFMEA must have a corresponding control in the Control Plan.

2. Inadequate MSA (Measurement Systems Analysis)

Suppliers often fail to perform MSA on the specific gauges used for the PPAP. Using a general calibration certificate
instead of a full Gage R&amp;R study is a frequent reason for rejection. Furthermore, if the R&amp;R percentage
is too high, the data produced by those gauges is considered suspect.

3. Unsigned or Incomplete Warrants

The Part Submission Warrant (PSW) must be signed by an authorized official of the supplier company. Missing
signatures, incorrect part numbers, or incorrect revision levels on the PSW are basic administrative errors that
cause significant delays.

4. Capability Index Failures

If the Ppk results are below 1.33, suppliers often try to submit without a remedial plan. In such cases, the supplier
must provide a 100% inspection plan or a revised Control Plan to ensure no defective parts reach the customer
until the process is improved.

The Evolution of PPAP in the Digital Era

While the AIAG 4th Edition provides the foundational rules, the industry is moving toward e-PPAP and Digital
Quality Management Systems (QMS). Cloud-based platforms now allow for real-time data sharing between
suppliers and OEMs, reducing the lead time for approval. Integrating PPAP data into a digital thread allows for
better traceability and faster root-cause analysis when field failures occur.



Furthermore, as manufacturing shifts toward Industry 4.0, the use of automated inspection systems (like 3D laser
scanning) is changing Element 9 (Dimensional Results). Instead of measuring five pieces by hand, suppliers can
now generate full-surface heat maps comparing a physical part to its CAD model, providing a much higher level of
confidence in part quality.

The Strategic Path to Quality Excellence

The Production Part Approval Process 4th Edition is not just a bureaucratic hurdle; it is a sophisticated engineering
discipline designed to synchronize the expectations of the buyer and the capabilities of the seller. By rigorously
adhering to the 18 elements and maintaining a focus on statistical stability and risk mitigation, organizations can
ensure the highest levels of product integrity.

Successful PPAP execution requires more than just filling out forms; it requires a deep technical understanding of
how design, process, and measurement interact. When performed effectively, PPAP reduces costs associated with
scrap and rework, builds customer trust, and establishes a robust foundation for long-term manufacturing success.
As the automotive industry continues to evolve toward electric and autonomous vehicles, the core principles of the
PPAP manual remain the bedrock of global quality assurance.
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