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In the high-stakes environment of automotive manufacturing and aerospace engineering, the margin for error is
virtually non-existent. To ensure that suppliers consistently meet the rigorous quality standards required by Original
Equipment Manufacturers (OEMs), the Automotive Industry Action Group (AIAG) developed the Production
Part Approval Process (PPAP). Currently in its 4th Edition, the PPAP manual serves as the industry standard for
defining the production part approval process, ensuring that a supplier can meet the design and specification
requirements at the quoted production rate.

The Evolution and Significance of PPAP 4th Edition

The transition from the 3rd to the 4th Edition represented a significant shift in focus, moving away from a mere
"checklist” mentality toward a more robust, risk-based approach to quality management. While previous iterations
focused heavily on the submission of documents, the 4th Edition emphasizes the process capability and the
sustainability of quality over long-term production cycles.

The primary objective of the PPAP 4th Edition is to provide evidence that all customer engineering design record
and specification requirements are properly understood by the organization. Furthermore, it demonstrates that the
manufacturing process has the potential to produce products consistently meeting these requirements during an
actual production run at the quoted production rate. This process is integral to the IATF 16949quality management
system, acting as a bridge between Advanced Product Quality Planning (APQP) and mass production.

Key Changes in the 4th Edition

The 4th Edition introduced several critical updates designed to align with modern manufacturing techniques and
global supply chain complexities. Below is a structured comparison of the core changes.



Feature / Area 3rd Edition Focus 4th Edition Update/Focus

Customer Notification General requirements for notification. Clarified requirements for when
customer notification and submission
are mandatory.

The 18 Elements of PPAP: A Technical Breakdown

The core of a PPAP submission consists of 18 specific elements or documents. Depending on the Submission
Level(discussed later), not all elements are necessarily submitted to the customer, but all must be maintained by
the organization in the PPAP file.

1. Design Records

This includes a complete copy of the drawing, specifications, and electronic data. If the customer is responsible for
the design, the supplier must have the latest revision of the customer's drawing. If the supplier is design-
responsible, the supplier's own drawings are used.

2. Authorized Engineering Change Documents

Any document that shows changes to the design record that have not yet been recorded in the design record but
have been incorporated into the product, part, or tooling.

3. Customer Engineering Approval

This is evidence of approval by the customer engineering department, typically required for parts with high safety or
functional impact. This is often part of the pre-PPAP validation process.

4. Design Failure Mode and Effects Analysis (DFMEA)

For design-responsible suppliers, the DFMEAIs a systematic group of activities intended to recognize and evaluate
the potential failure of a product and the effects of that failure. It identifies actions that could eliminate or reduce the
chance of the potential failure occurring.

5. Process Flow Diagram (PFD)

A visual representation of the entire process from receiving through shipping. The PFD must align with the PFMEA
and the Control Plan. It outlines every step of the manufacturing process, including inspections, rework, and
storage.

6. Process Failure Mode and Effects Analysis (PFMEA)

The PFMEA is a critical risk assessment tool used to identify potential failure modes in the manufacturing process.
The 4th Edition emphasizes the use of Risk Priority Numbers (RPN)or Action Priorities (AP) to drive process
improvements and mitigate risks before production begins.

7. Control Plan

The Control Plan defines the methods used for control of the process and the product. It includes three distinct
phases: Prototype, Pre-launch, and Production. It specifies the parameters to be measured, the frequency of
measurement, and the reaction plan if a non-conformity is detected.

8. Measurement System Analysis (MSA)

To ensure that the data collected during the process is reliable, suppliers must conduct MSA studies. This typically
includes Gage R&amp;R (Repeatability and Reproducibility), bias, linearity, and stability studies for all



equipment used in the Control Plan. The AIAG standard generally requires a Gage R&amp;R of less than 10% for
critical characteristics.

9. Dimensional Results

A complete layout of the part, ensuring that every dimension on the design record matches the physical part. This
is often referred to as a "ballooned drawing" where each dimension is numbered and cross-referenced to a
measurement report.

10. Records of Material / Performance Test Results

This includes Material Test Results (confirming chemical and physical properties) and Performance Test Results
(functional testing as specified in the design record). All tests must be performed by a qualified laboratory.

11. Initial Process Studies

Suppliers must demonstrate process capability for all critical characteristics. This involves calculating Cpk (Process
Capability Index) and Ppk (Process Performance Index). The standard requirement is typically a Cpk/Ppk greater
than 1.33 or 1.67, depending on customer-specific requirements.

12. Qualified Laboratory Documentation

Evidence that the laboratories used for testing are accredited (e.g., ISO/IEC 17025) and that their scope covers the
tests being performed.

13. Appearance Approval Report (AAR)

Required for parts where appearance (color, texture, grain) is a critical characteristic. This form must be signed by
the customer's appearance representative.

14. Sample Production Parts

Physical parts produced during the PPAP production run. These parts are usually used by the customer for fit-and-
finish validation in the final assembly.

15. Master Sample

A sample part signed off by the supplier and customer, used as a benchmark or "gold standard" for future
production and quality audits.

16. Checking Aids

If specific fixtures, gauges, or templates are used to check parts, these must be documented. This includes proof of
calibration and Gage R&amp;R studies specifically for the checking aid.

17. Customer-Specific Requirements

Each OEM (e.g., Ford, GM, Stellantis) may have additional requirements not explicitly covered in the 18 elements.
These must be documented and included in the PPAP package.

18. Part Submission Warrant (PSW)

The final summary document of the PPAP package. The PSW includes part information, reason for submission,
declaration of results, and the supplier's authorized signature. It is the official "request for approval.”

PPAP Submission Levels

Not every PPAP submission requires the same amount of documentation to be sent to the customer. The AIAG 4th
Edition defines five Submission Levels, which dictate which elements are submitted and which are simply



retained at the supplier's facility.



Level Submission Requirements

Level 1 Part Submission Warrant (PSW) only. Used for minor
changes or standard catalog parts.

Level 2 PSW with product samples and limited supporting data.

Level 3 PSW with product samples and complete supporting data
(The most common default level).

Level 4 PSW and other requirements as defined by the customer.

Level 5 PSW with product samples and complete supporting data
available for review at the supplier's manufacturing location.

Technical Implementation: Calculating Process Capability (Cpk)

In the context of PPAP 4th Edition, Initial Process Studies(Element 11) are the mathematical heart of the
submission. The goal is to prove that the process is statistically stable and capable of producing parts within
specification limits.

The Cpkformula is used to measure how close a process is running to its specification limits, relative to the natural
variability of the process:

Cpk =min[ (USL -;A’ 0 f3A), GA O A4A’ 6 f3A)]

Where:USL: Upper Specification LimitLSL: Lower Specification Limit; rocess Mean<®andard Deviation (within-
group variation)

A Cpk &lt; 1.0 indicates the process is not capable. A Cpk of 1.33 is the typical industry minimum for existing
processes, while 1.67is often required for new parts or safety-critical characteristics. If the process is not capable,
the supplier must implement a 100% inspection plan until the process is improved.

Practical Implementation Field Guide

Executing a successful PPAP 4th Edition submission requires a cross-functional approach involving Engineering,
Quality, Production, and Supply Chain. Below is a step-by-step workflow for implementation:

Step 1: The Significant Production Run

PPAP samples must be taken from a significant production run. The AIAG standard defines this as a minimum of
300 consecutive parts (unless otherwise agreed) produced from one hour to eight hoursof  production.  This
ensures the samples represent the actual mass production environment, including tool wear, heat fluctuations, and
operator variability.

Step 2: Cross-Functional Review

Before submitting the PSW, the organization must conduct an internal audit of the 18 elements. The Quality
Manager must ensure that the PFMEA effectively addresses all high-risk items identified in the DFMEA and that
the Control Plan contains all measurement points identified in the PFMEA.

Step 3: Document Compilation and Validation



Using the AIAG 4th Edition forms, compile the documentation. Pay special attention to Element 9 (Dimensional
Results). If a part has 50 dimensions and one is out of spec, the PPAP cannot be approved without a customer
waiver or a process correction.

Step 4: Submission and Approval Status

Once submitted, the customer will assign one of three statuses:Approved: The part meets all specifications; the
supplier is authorized to ship production quantities.Interim Approval: Authorization to ship parts for a limited time
or quantity. This is usually granted when minor documentation is missing or a non-critical dimension is slightly out

of spec but functionally acceptable.Rejected: The PPAP does not meet requirements. Corrective action is required
before production parts can be shipped.

Common Pitfalls and Troubleshooting

Despite the structured nature of PPAP 4th Edition, many submissions are rejected due to avoidable errors.
Engineering teams should be wary of the following failure modes:

* Misalignment Between Documents: The Process Flow Diagram, PFMEA, and Control Plan must be "twins." If
an inspection step is in the Control Plan but not the Process Flow, the PPAP will likely be rejected.

* Inadequate MSA: Using a gage that has a resolution insufficient for the tolerance (the 10-to-1 rule) or failing a
Gage R&amp;R study.

¢ Non-conforming Capability Studies: Submitting a Ppk of 1.10 when the customer requirement is 1.67 without
an accompanying reaction plan.

¢ Missing Tooling Information: For multi-cavity molds or multi-line processes, the supplier must provide
dimensional results for every cavity or line, not just a representative sample.

Case Study: Resolving a Cpk Failure

In a recent automotive case study, a supplier of brake rotors failed their PPAP submission because the Cpk for the
"Parallelism” characteristic was only 1.05. The engineering team conducted a Root Cause Analysis (RCA) and
discovered that the fixture vibration on the CNC lathe was causing micro-deviations. By redesigning the hydraulic
clamping mechanism and updating the Control Planto include periodic fixture maintenance, the supplier improved
the Cpk to 1.72. The revised PPAP was approved, preventing a costly delay in the vehicle launch.

The Broader Implications of PPAP 4th Edition

The Production Part Approval Process is more than a hurdle for suppliers; it is a fundamental strategy for Lean
Supply Chain Management. By forcing a rigorous examination of the manufacturing process before mass
production starts, PPAP identifies risks when they are least expensive to fix. This "front-loading" of quality efforts
reduces scrap, minimizes warranty claims, and fosters a culture of continuous improvement.

As manufacturing moves toward Industry 4.0, the principles of PPAP 4th Edition are evolving into Digital PPAP.
Real-time data collection, automated MSA, and digital twins are streamlining the 18 elements. However, the
underlying logic of the 4th Edition—that a stable, capable, and well-documented process is the prerequisite for
quality—remains the cornerstone of global manufacturing excellence. Organizations that master these
requirements not only achieve compliance but also gain a significant competitive advantage in the global
marketplace.
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