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The Production Part Approval Process (PPAP), currently in its 4th edition as defined by the Automotive Industry
Action Group (AIAG), represents the industry standard for ensuring that a supplier can consistently produce parts
that meet the rigorous requirements of original equipment manufacturers (OEMS). In the complex ecosystem of
automotive manufacturing, where safety and reliability are non-negotiable, the PPAP acts as the final gatekeeper in
the Advanced Product Quality Planning (APQP)cycle. This technical guide provides an exhaustive analysis of
the PPAP 4th Edition, its 18 elements, submission levels, and the underlying statistical methodologies required for
successful implementation.

The Strategic Significance of PPAP in Modern Manufacturing

The primary objective of the PPAP is to provide evidence 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. Unlike a prototype phase, the PPAP focuses on the Significant Production Run, typically
consisting of one to eight hours of production and a specific quantity of parts (usually 300) produced from the
actual production tooling, process, and environment.

By mandating a structured documentation package, the PPAP 4th Edition minimizes the risk of product failure,
reduces costs associated with poor quality, and accelerates the time-to-market for new vehicle programs. It ensures
that the transition from design to mass production is seamless and that the supplier's quality management system
is robust enough to handle the demands of global supply chains.

The Core Theoretical Framework: Relationship with APQP and IATF 16949

To understand PPAP, one must view it within the context of the AIAG Quality Core Tools. These include APQP,
FMEA (Failure Mode and Effects Analysis), MSA (Measurement Systems Analysis), and SPC (Statistical Process
Control). PPAP is the output of the APQP process. While IATF 16949 provides the requirements for the Quality
Management System (QMS), the PPAP manual provides the specific procedural steps for part approval.

The Significant Production Run

Technical compliance begins with the Significant Production Run. This run must use the same tooling, gaging,
process, materials, and operators that will be used during full-scale production. The data gathered during this
window forms the basis for the statistical evidence required in the PPAP package. Failure to use the actual
production environment for the PPAP run invalidates the process and can lead to catastrophic quality failures
during mass production.

Detailed Analysis of the 18 PPAP Elements

The PPAP 4th Edition outlines 18 specific elements (requirements) that may be required for a submission. The



extent to which these elements are submitted depends on the assigned Submission Level.

1. Design Records

This includes a copy of the drawing or the electronic data for the part. If the customer is responsible for the design,
the supplier must have the design records on file. This ensures that the supplier is working from the latest revision
of the engineering specifications.

2. Authorized Engineering Change Documents

Any document that shows changes to the part that are not yet recorded in the design records but have been
incorporated into the part. This ensures that the PPAP covers the most current engineering state, even if the formal
drawing hasn't been updated yet.

3. Customer Engineering Approval

Specific approval by the customer's engineering department, often required for parts that have unique performance
specifications or are critical to safety.

4. Design Failure Mode and Effects Analysis (DFMEA)

If the supplier is design-responsible, they must produce a DFMEA to identify potential failure modes in the design
phase. This document must be updated to reflect design changes and is a living document throughout the product
lifecycle.

5. Process Flow Diagram (PFD)

A visual representation of the entire manufacturing process, from receiving to shipping. The PFD must align with
the PFMEA and the Control Plan to ensure consistency in process logic.

6. Process Failure Mode and Effects Analysis (PFMEA)

The PFMEA is a critical risk assessment tool. It identifies potential failures in the manufacturing process and
assigns a Risk Priority Number (RPN) based on Severity, Occurrence, and Detection. Note that with the release

of the AIAG &amp; VDA FMEA Handbook, the industry is shifting toward Action Priorities (AP)instead of RPN,
though the 4th Edition PPAP manual still references the classic FMEA approach.

7. Control Plan

The Control Plan defines the methods used to control the process and the product. It lists the characteristics to be
measured, the sample size, the frequency of measurement, and the reaction plan if a non-conformity is found. It is
categorized into three phases: Prototype, Pre-launch, and Production.

8. Measurement Systems Analysis (MSA)

The MSA ensures that the gauges and equipment used to measure parts are accurate and precise. The most
common study is Gage R&amp;R (Repeatability and Reproducibility). For a process to be considered
acceptable, the total Variation (GR&amp;R) should generally be less than 10% of the tolerance (or process
variation), with 10% to 30% being marginally acceptable depending on the application.

9. Dimensional Results

A complete dimensional layout of the part, verifying that every dimension on the design record meets the
specification. This often requires the use of Coordinate Measuring Machines (CMM).

10. Records of Material / Performance Test Results

This includes Material Test Results (verifying chemical and physical properties) and Performance Test Results



(verifying that the part functions as intended, such as heat resistance or durability tests).

11. Initial Process Studies

Suppliers must demonstrate process capability using statistical indices such as Cpk (Process Capability Index) and
Ppk(Process Performance Index). For a stable process, a Cpk or Ppk of 1.33 or 1.67 is typically required for critical
characteristics.

12. Qualified Laboratory Documentation

If the supplier uses an internal or external lab for testing, that lab must be qualified (e.g., ISO/IEC 17025
accreditation) and have a defined scope for the tests being performed.

13. Appearance Approval Report (AAR)

Required for parts that have specific aesthetic requirements, such as color, grain, or surface finish. This is typically
applicable to interior or exterior trim components.

14. Sample Production Parts

The customer usually requires actual samples from the significant production run to verify the physical product
against the documentation.

15. Master Sample

A sample part signed off by the customer and the supplier, used as a reference for future production runs or to train
inspectors on acceptable/unacceptable quality.

16. Checking Aids

If the supplier uses specific fixtures, templates, or gages to check parts, these must be documented and verified
(often including MSA and dimensional checks of the aid itself).

17. Customer-Specific Requirements

Each OEM (e.g., Ford, GM, Stellantis) may have unique requirements that go beyond the standard 18 elements.
These must be documented and adhered to.

18. Part Submission Warrant (PSW)

The PSW is the summary document that accompanies the entire PPAP package. It is the formal declaration by the
supplier that the parts meet all requirements and that the manufacturing process is ready for production.

Technical Analysis of PPAP Submission Levels

The level of submission determines which of the 18 elements must be submitted to the customer. Regardless of the
level, the supplier must complete all 18 elements and keep them on file.



Submission Level

Level 1

Level 2

Level 3

Level 4

Level 5

Requirement Detail

Warrant only (and for designated
appearance items, an Appearance
Approval Report) submitted to the
customer.

Warrant with product samples and
limited supporting data submitted to
the customer.

Warrant with product samples and
complete supporting data submitted
to the customer.

Warrant and other requirements as
defined by the customer.

Warrant with product samples and
complete supporting data reviewed at
the supplier's manufacturing location.

Common Use Case

Minor changes, low-risk parts, or
suppliers with an excellent quality
history.

Product changes or parts with simple
manufacturing processes.

Default Level for new part approvals
and significant process changes.

Special cases where the customer
defines the specific documentation
needed.

High-risk suppliers or critical safety
components where onsite audit is
necessary.

Mathematical Models for Process Capability (Ppk vs. Cpk)

In PPAP element 11, the distinction between Cpk and Ppkis vital for technical accuracy. Both indices measure the
relationship between the process spread and the specification limits, but they use different estimates for standard
deviation.

Process Capability Index (Cpk)

Cpk measures how well the process is performing relative to the specifications, assuming the process is stable and
uses the within-subgroup standard deviation(often estimated using R-bar/d2). It represents the "potential” of the
process if all special causes of variation were removed.

Formula: Cpk = min[ (USL - ;A’ 0 3A, GAO A4A’ 0 3A]

Process Performance Index (Ppk)

Ppk measures how the process actually performed during the significant production run. It uses the total standard
deviation (s) of all the data points, which includes both within-subgroup and between-subgroup variation.

Formula: Ppk = min[ (USL-;A’070, GAOA4A’ 072D

For PPAP 4th Edition, Ppk is generally used for initial process studies because the process is new and long-term
stability has not yet been established. A Ppk &gt; 1.67 is typically required for new processes.

Practical Implementation: Step-by-Step Procedure

Executing a PPAP requires a cross-functional team (CFT) approach involving engineering, quality, production, and
procurement. The following workflow outlines the standard implementation process:

1. Review Design Records: Ensure the internal team understands all GD&amp;T (Geometric Dimensioning and
Tolerancing) requirements and critical characteristics (SCs/CCs).



2. ldentify Submission Level: Confirm with the customer which level (1-5) is required to ensure resource
allocation is appropriate.

3. Conduct the Significant Production Run: Schedule the run ensuring that all production-intent conditions are
met. Gather data for 300 parts.

4. Perform Dimensional Layout: Measure a sample of parts (usually 3 to 5) for all dimensions listed in the
drawing.

5. Conduct MSA: Perform Gage R&amp;R on the measurement systems used for critical characteristics.

6. Run Capability Studies: Calculate Ppk for all designated special characteristics. If Ppk is below 1.67, a 100%
inspection plan or a process improvement plan must be implemented.

7. Compile the Documentation: Gather the PFMEA, Control Plan, Flow Diagram, and Test Results.

8. Review and Sign the PSW: The Quality Manager or authorized official signs the warrant, certifying
compliance.

9. Submit to Customer: Provide the package via the customer’s preferred portal (e.g., Covisint, Net-Inspect).

Case Study: Failure Modes in PPAP Submissions

Even experienced suppliers face PPAP rejections. Analyzing common failure modes reveals where technical rigor is
often lacking.

Scenario: Insufficient Gage R&amp;R

A supplier submitted a PPAP for a precision-machined engine component. The customer rejected the submission
because the Gage R&amp;Rshowed 35% variation. The root cause was an improper gauging technique where
the operator's influence was too high. The solution involved transitioning from a manual micrometer to an
automated digital gauging system, which reduced variation to 8%, satisfying the 10% requirement for critical
features.

Scenario: Mismatch Between PFD, PFMEA, and Control Plan

During a Level 5 onsite review, an auditor noticed that the Process Flow Diagram listed a deburring step that was
missing from the PFMEA. This indicated a lack of risk assessment for a process that could potentially introduce
scratches or metal shavings into the part. The PPAP was rejected until the risk assessment was updated to include
the deburring process and its associated controls.

Comparison: AIAG PPAP vs. VDA 2 (PPA)

While AIAG is the standard for the North American automotive industry, European OEMs (like BMW, VW, and
Mercedes) often use the VDA 2 standard. Understanding the differences is crucial for global suppliers.



Feature AIAG PPAP (4th Ed) VDA 2 (PPA)

Terminology Elements (18 total) Triggering points and evidence levels

Standard Focus Strict documentation package Process and product release
emphasis

Capability Focuses on Ppk &gt; 1.67 Focuses on Cpk and machine

capability (Cmk)

Software Integration Commonly used with specialized Often integrated with VDA-specific
APQP software QMC tools

With the harmonization of AIAG and VDA standards (as seen in the FMEA handbook), the gap between these two
methodologies is narrowing, focusing more on objective evidence of process stability than on specific form-filling.

The Future of PPAP: Digitization and Real-Time Validation

As Industry 4.0 matures, the traditional paper-heavy PPAP is evolving. Digital PPAP systems allow for real-time
data streaming from CMMs and PLC-controlled production lines directly into the PPAP documentation. This

reduces the manual labor of data entry and minimizes the risk of human error in statistical calculations.
Furthermore, the integration of Digital Twinsallows suppliers to simulate the significant production run before
physical tooling is even completed, providing a predictive look at process capability.

Ultimately, the PPAP 4th Edition remains the definitive benchmark for automotive quality. By adhering to its 18
elements and maintaining high statistical standards for capability and measurement, organizations can ensure that
they not only meet customer expectations but also build a foundation for operational excellence and long-term
profitability in an increasingly competitive global market. The transition from a reactive quality mindset to a
proactive, PPAP-driven preventive mindset is the hallmark of a world-class automotive supplier.
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