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In the high-stakes environment of automotive manufacturing and aerospace engineering, the cost of failure is
astronomical. To mitigate risk, ensure consistency, and maintain rigorous quality standards, the industry relies on
the Production Part Approval Process (PPAP). Originally developed by the Automotive Industry Action Group
(AIAG), PPAP is a standardized process in the automotive and aerospace industries that helps manufacturers and
suppliers communicate and approve production designs and processes before, during, and after manufacture.

As part of the broader Advanced Product Quality Planning (APQP)framework, PPAP serves as the formal
bridge between product development and full-scale production. This article provides a technical deep-dive into the
18 elements of PPAP, the integration of AIAG Core Tools, and the strategic implementation required for achieving
IATF 16949 compliance.

The Theoretical Framework: PPAP within the APQP Lifecycle

PPAP does not exist in a vacuum. It is the output of the fourth phase of the Advanced Product Quality Planning
(APQP)manual. To understand PPAP, one must understand its placement within the five phases of product
realization:

¢ Phase 1: Plan and Define Program.

* Phase 2: Product Design and Development Verification.

e Phase 3: Process Design and Development Verification.

e Phase 4: Product and Process Validation (This is where PPAP occurs).
* Phase 5: Feedback, Assessment, and Corrective Action.

The primary objective of 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.

Technical Analysis of the 18 PPAP Elements

A standard PPAP submission consists of 18 specific elements or documents. Depending on the Submission Level
requested by the customer, a supplier may need to submit all or only a portion of these documents. Below is a
detailed breakdown of each element:

1. Design Records

A copy of the drawing or the electronic data used to manufacture the part. This includes Geometric Dimensioning
and Tolerancing (GD&T)specifications. If the customer is responsible for the design, this is a copy of the
customer drawing; if the supplier is responsible, it is the supplier's released drawing.

2. Authorized Engineering Change Documents



This element covers any documents that show the specific changes made to the part that are not yet reflected in
the design records but have been incorporated into the product, part, or tooling.

3. Customer Engineering Approval

In cases where a design change is required, the supplier must obtain formal approval from the customer's
engineering department before the PPAP can be finalized.

4. Design Failure Mode and Effects Analysis (DFMEA)

The DFMEA is a cross-functional activity that analyzes the risks associated with a new or modified design. It
identifies potential failure modes, their effects, and causes, assigning a Risk Priority Number (RPN) or, in the
newer AIAG & VDA FMEA Handbook, an Action Priority (AP)level. Note: DFMEA is only applicable if the supplier
is design-responsible.

5. Process Flow Diagram (PFD)

A schematic representation of the entire process flow, from receiving raw materials through to shipping the finished
product. The PFD must align with the PFMEA and the Control Plan.

6. Process Failure Mode and Effects Analysis (PFMEA)

The PFMEAexamines every step in the manufacturing process to identify potential risks to product quality. It
documents the controls currently in place to prevent or detect those failures. Technical precision here is critical; the
PFMEA should be a "living document" updated throughout the product lifecycle.

7. Control Plan

The Control Plan defines the methods used for process control. It is divided into three stages: Prototype, Pre-
launch, and Production. It lists the characteristics to be measured, the sample size, frequency, and the reaction
plan if a process goes out of control.

8. Measurement Systems Analysis (MSA) Studies

To ensure that the data collected during inspection is valid, MSA is performed. This typically involves Gage R&R
(Repeatability and Reproducibility)studies for critical or significant characteristics. A common industry standard
is that the Gage R&R should be less than 10% for critical measurements.

9. Dimensional Results

A complete layout of every dimension listed on the design record. This report validates that the manufacturing
process produces parts that match the physical specifications of the drawing.

10. Records of Material / Performance Test Results

A summary of all tests performed on the part. This includes material certifications (chemical and physical
properties) and performance testing (e.g., durability, environmental exposure) as specified in the design record.

11. Initial Process Studies

This element demonstrates that the process is stable and capable. Statistical metrics such as Cpk (Process
Capability Index) and Ppk (Process Performance Index)are calculated. Generally, a Cpk > 1.33 or 1.67 is
required for customer approval of a new process.

12. Qualified Laboratory Documentation

If the supplier uses an internal or external laboratory for testing, documentation must be provided showing the lab
is qualified (e.g., ISO/IEC 17025 accreditation) to perform the specific tests required.



13. Appearance Approval Report (AAR)

Applicable only for parts where appearance is a critical requirement (e.g., interior trim, exterior paint). This report
covers color, grain, and gloss levels compared to a master standard.

14. Sample Production Parts

Actual parts produced during the significant production run (typically a 300-piece run or as specified by the
customer).

15. Master Sample

A sample part signed off by the customer and supplier, used as a reference standard for the production process.

16. Checking Aids

If specific fixtures, gauges, or templates are used to inspect the part, these must be documented and validated
(linked back to MSA studies).

17. Customer-Specific Requirements

Any additional requirements mandated by the specific OEM (Original Equipment Manufacturer) that are not
covered by the standard 18 elements.

18. Part Submission Warrant (PSW)

The PSWis the summary document that ties the entire PPAP package together. It is the formal declaration by the
supplier that the PPAP is complete and that the parts meet all requirements. Once signed by the customer,
production can begin.

Submission Levels: Determining the Scope of Review

Not every PPAP requires the submission of all 18 elements to the customer. The AIAG PPAP 4th Editiondefines
five levels of submission. The following table outlines the requirements for each level:



Level

Level 1

Level 2

Level 3

Level 4

Level 5

The AIAG & VDA FMEA Integration (2021 Updates)

Requirement Summary

Warrant only (and Appearance
Approval Report, if applicable)
submitted to customer.

Warrant with product samples and
limited supporting data.

Warrant with product samples and
complete supporting data.

Warrant and other requirements as
defined by the customer.

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

Typical Use Case

Minor changes or parts from a
previously approved supplier.

Small design changes or simple
geometries.

Default Level: Used for most new part
approvals.

Tailored submissions for specific risks.

High-risk suppliers or extremely
complex assemblies.

One of the most significant recent shifts in the PPAP ecosystem is the harmonization of AIAG and VDA (Verband
der Automobilindustrie) standards regarding FMEA. The AIAG & VDA FMEA Handbook replaced the traditional

RPN (Risk Priority Number) calculation with a more robust 7-Step Approach:
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This 7-step method ensures that the PPAP elements 4 (DFMEA) and 6 (PFMEA) are significantly more analytical

Planning and Preparation: Defining the scope.
Structure Analysis: Breaking the process/design into system, subsystem, and component.
Function Analysis: Defining what the part/process is supposed to do.
Failure Analysis: Linking failure effects, modes, and causes.

Risk Analysis: Assigning Severity, Occurrence, and Detection ratings.
Optimization: Taking actions to reduce risk.

Results Documentation: Formalizing the FMEA for the PPAP package.

and less subjective than in previous editions.

Service PPAP: Nuances for Spare Parts

The Service Production Part Approval Process (Service PPAP)is a supplement to the PPAP 4th edition. While
the core 18 elements remain relevant, Service PPAP recognizes that volume requirements for service parts
(aftermarket) are significantly lower than for mass production. It provides guidelines on how to handle "low volume"
capability studies and how to maintain tooling for parts that are no longer in active vehicle production but still
require replacement support.

Practical Implementation: A Step-by-Step Field Guide

Implementing a successful PPAP requires a cross-functional team (CFT) approach involving Engineering, Quality,
Production, and Purchasing. Follow these steps for a streamlined submission:

Step 1. Initiation and APQP Kick-off

Identify the submission level required by the customer. Establish a timeline that aligns with the customer's SOP



(Start of Production). Utilize the AIAG APQP Guide to track progress through the development phases.

Step 2: Data Collection and Process Validation

Conduct a significant production run. This must be performed at the production site, using the production tooling,
gaging, process, materials, and operators. This run provides the data for Dimensional Results, MSA, and Initial
Process Capability.

Step 3: Internal Audit and Checklist Review

Before submitting the package, use a PPAP Review Checklist. Check for alignment between documents. For
example: Do the critical characteristics identified in the PFMEA appear in the Control Plan? Does the Process Flow
match the physical layout of the shop floor?

Step 4: Submission and Approval

Submit the package (digitally or physically) to the Customer Quality Engineer (CQE). The customer will return the
PSW with one of three statuses:

e Approved: The part meets all specifications; the supplier is authorized to ship production quantities.

* Interim Approval: Permits shipping for a limited time or quantity. Usually requires a corrective action plan.

¢ Rejected: The PPAP does not meet requirements. Production cannot start until a new PPAP is submitted and
approved.

Troubleshooting Common PPAP Failure Modes

Even experienced suppliers face PPAP rejections. Understanding common pitfalls can save weeks of delays:



Failure Mode

Inconsistent Data

Root Cause

Dimensions in the layout report don't
match the drawing balloon numbers.

Technical Solution

Use automated ballooning software to
sync drawings with inspection reports.

Poor MSA Results Gage R&R > 10% due to operator Standardize measurement SOPs or

variance. invest in high-precision automated
gauging.
Low Process Capability Cpk Perform Design of Experiments (DoE)

to optimize process parameters
before the PPAP run.

Material certs or lab accreditations
are out of date.

Implement a QMS document control
alert system for certification renewals.

Expired Certifications

Mathematical Foundation of Element 11: Ppk vs. Cpk

In technical submissions, the distinction between Cpk and Ppkis vital. Cpk measures how well a process could
perform if all shift-to-shift or batch-to-batch variation were eliminated (within-subgroup variation). Ppk measures
how the process actually performed over the entire run (total variation).

The formula for Cpk is: Cpk = min[ (USL - ;:A’ ¢ 3A, (;A O AWer&ABL/LSL are specification limits, ;A is the mean,
and <2 —2 FtR W7F-O FVB 7F a&F &B FPviation from R-bar/d2.

For PPAP, Ppk is often used for initial samples because it provides a more conservative estimate of process
performance before long-term stability is established.

The Production Part Approval Process is more than a bureaucratic hurdle; it is a rigorous engineering discipline
that ensures the safety and reliability of modern vehicles and machinery. By mastering the 18 elements and
integrating them with the AIAG Core Tools (APQP, FMEA, MSA, SPC), manufacturers can achieve operational
excellence, reduce scrap, and foster long-term partnerships with global OEMs. As the industry moves toward
Electric Vehicles (EVs) and autonomous systems, the principles of PPAP remain the bedrock of quality, ensuring
that every component—no matter how small—performs exactly as designed every single time.
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