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In the high-stakes arena of automotive manufacturing, quality is not merely a benchmark; it is a prerequisite for 

survival. The complex global supply chains that define modern vehicle production necessitate a standardized, 

rigorous approach to product development and validation. This is where Advanced Product Quality Planning 

(APQP) and the Production Part Approval Process (PPAP)serve as the foundational pillars. Originally

developed by the Automotive Industry Action Group (AIAG) and major OEMs like Ford, GM, and Chrysler (now

Stellantis), these frameworks ensure that suppliers can consistently meet customer requirements, mitigate risks,

and maintain process stability.

As the industry transitions toward electric vehicles (EVs) and autonomous technologies, the AIAG has updated its 

standards, most notably with the release of the APQP 3rd Edition and the first-ever standalone Control Plan 1st 

Edition in 2024. Understanding these updates, alongside the established PPAP 4th Edition, is critical for quality

engineers, manufacturing leads, and supply chain managers. This technical guide provides an exhaustive analysis

of these core tools, their phase-by-phase execution, and their strategic integration within the IATF 16949 quality

management system.

The Strategic Framework of APQP: Advanced Product Quality Planning

APQP is a structured methodology aimed at ensuring that a product satisfies the customer. It is not a one-time

event but a continuous process that begins in the concept stage and extends through production. The primary

objective is to facilitate communication between the engineering team, the manufacturing floor, and the customer to

ensure that all required steps are completed on time and at a high level of quality.

The Five Phases of APQP

The APQP process is traditionally divided into five distinct phases, each with its own set of inputs and outputs. The 

2024 updates have further emphasized the importance of Gated Management Reviewsto ensure that no phase is

exited until all quality criteria are met.

•  Phase 1: Planning and Program Definition: This phase focuses on the "Voice of the Customer" (VOC). It 

involves defining the product's scope, identifying customer needs, and establishing preliminary goals for quality, 

reliability, and cost. Key outputs include design goals and a preliminary bill of materials (BOM).

•  Phase 2: Product Design and Development: Here, the technical specifications are translated into tangible 

designs. This phase includes the creation of the Design Failure Mode and Effects Analysis (DFMEA), material 

specifications, and drawing releases. Engineers must verify that the design is manufacturable (DFM/DFA).

•  Phase 3: Process Design and Development: While Phase 2 focuses on the product, Phase 3 focuses on the 

environment in which it will be built. This involves creating process flowcharts, Process Failure Mode and Effects 

Analysis (PFMEA), and the Pre-Launch Control Plan.

•  Phase 4: Product and Process Validation: This is the critical juncture where the manufacturing process is 

tested. It requires a Significant Production Run (often 300 pieces or 8 hours of production) to validate the 

effectiveness of the Control Plan and the stability of the process.

•  Phase 5: Feedback, Assessment, and Corrective Action: After production begins, the focus shifts to reducing 

variation. This phase utilizes Statistical Process Control (SPC) and customer feedback to drive continuous 



improvement.

Comparison of APQP 2nd Edition vs. 3rd Edition (2024 Update)

The transition to the 3rd Edition reflects the increasing complexity of automotive systems. The following table

highlights the key changes that organizations must adapt to.



Feature APQP 2nd Edition APQP 3rd Edition (2024)

Control Plan Status Contained within the APQP manual. Moved to a standalone "Control Plan" 
manual (1st Ed).

Risk Management General focus on FMEA. Enhanced focus on supply chain risk 
and mitigation.

Gated Reviews Suggested milestones. Explicit requirements for Management 
Gate Reviews.

Software Integration Limited guidance. Increased emphasis on software 
development (ASPICE).

Change Management Basic requirements. Detailed workflows for change control 
and impact analysis.

The Mechanics of PPAP: Production Part Approval Process

If APQP is the "how-to" guide for planning, PPAP (Production Part Approval Process) is the evidence-based 

proof that the planning worked. PPAP is a standardized requirement in the automotive industry that gives 

customers confidence in their suppliers' manufacturing processes. According to the PPAP 4th Edition, the process

must demonstrate that the supplier understands the design record and that the process has the potential to

produce product consistently meeting these requirements during an actual production run.

The 18 Elements of PPAP

A full PPAP submission involves 18 specific requirements. While not every submission requires all 18 (depending

on the submission level), the supplier must have all of them on file.

1.  Design Documentation: A copy of the customer's drawing and specifications.

2.  Engineering Change Documents: Evidence of any approved changes not yet incorporated into the design.

3.  Customer Engineering Approval: Written approval from the customer's engineering department.

4.  DFMEA: Analysis of potential design risks (if the supplier is design-responsible).

5.  Process Flow Diagram: Visual map of the entire manufacturing process.

6.  PFMEA: Analysis of potential risks within the manufacturing process.

7.  Control Plan: A document detailing the methods used to control the process and product.

8.  Measurement System Analysis (MSA): Studies (like Gage R&R) to ensure measurement tools are accurate 

and precise.

9.  Dimensional Results: Proof that the parts meet the drawing specifications.

10.  Records of Material/Performance Tests: Results of tests for strength, durability, and material composition.

11.  Initial Process Studies: Statistical analysis (Ppk/Cpk) to prove process capability.

12.  Qualified Laboratory Documentation: Certifications for the labs that performed the testing.

13.  Appearance Approval Report (AAR): For parts where aesthetics (color, grain, texture) are critical.

14.  Sample Production Parts: Actual parts from the significant production run.

15.  Master Sample: A reference part signed off by the customer and supplier.

16.  Checking Aids: Lists of specialized tools used to inspect the parts.

17.  Customer-Specific Requirements: Any additional documentation requested by a specific OEM.

18.  Part Submission Warrant (PSW): The summary document that "ties it all together" and contains the final 

sign-off.



PPAP Submission Levels

The level of PPAP indicates which documents must be submitted to the customer versus which must be retained at

the supplier's facility.



Level Requirement Common Use Case

Level 1 PSW and Appearance Approval 
Report only.

Low-risk parts or minor changes.

Level 2 PSW with samples and limited 
supporting data.

Simple parts or trusted suppliers with 
minor changes.

Level 3 PSW and ALL supporting data (Full 
Submission).

Standard requirement for new part 
programs.

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

Customized submission per OEM 
request.

Level 5 PSW with samples and complete data 
reviewed at the supplier site.

High-risk suppliers or critical safety 
components.

The New Standalone Control Plan (1st Edition)

One of the most significant changes in the AIAG 2024 update is the separation of the Control Planfrom the APQP

manual. This highlights the Control Plan's status as a "living document" that evolves throughout the product

lifecycle. The new manual provides more granular guidance on how to develop and maintain these plans.

Types of Control Plans

Under the new guidance, there are three distinct types of Control Plans that must be utilized at different stages of

the APQP cycle:

•  Prototype Control Plan: Used during the initial design phase when parts are being made for testing and 

evaluation. It focuses on dimensional measurements and material/performance tests.

•  Pre-Launch Control Plan: Used after prototypes but before full production. This plan usually involves more 

frequent inspections and tighter tolerances to "catch" issues before they reach the customer.

•  Production Control Plan: The comprehensive document used during mass production. It includes process 

characteristics, product characteristics, control methods, and reaction plans for when the process goes out of 

control.

Technical Integration: Linking FMEA, MSA, and SPC

The true power of APQP and PPAP lies in the integration of the Automotive Core Tools . A failure to link these

tools often results in a "paperwork exercise" rather than a robust quality system.

The FMEA-Control Plan Linkage

The PFMEA is a risk assessment tool. Every "High Risk" (high Severity or high RPN/Action Priority) identified in the 

PFMEA must have a corresponding control method in the Control Plan. If a PFMEA identifies that a tool might

wear out (Occurrence) and produce bad parts, the Control Plan must specify how often that tool is checked or

replaced.

Statistical Capability Requirements

During the Initial Process Study (Element 11 of PPAP), suppliers must calculate the Cpk (Process Capability 

Index). For most automotive OEMs, a minimum Cpk of 1.33 or 1.67 is required for critical characteristics. This

ensures that the process is not only centered on the target but also has enough "room" within the tolerance limits to



account for natural variation.

Measurement System Analysis (MSA)

Before any data is collected for PPAP, the measurement system itself must be validated. Gage R&R (Repeatability 

and Reproducibility)studies are conducted to ensure that the variation in the measurement is less than 10% of

the total process variation (ideally) or 30% (conditionally acceptable). If the measurement system is flawed, the

PPAP data is inherently unreliable.

Practical Implementation: A Field Guide for Quality Teams

Successfully navigating an APQP/PPAP cycle requires cross-functional collaboration. Below is a procedural

workflow for implementation.

Step 1: Cross-Functional Team (CFT) Formation

Assemble a team including Engineering, Quality, Production, Purchasing, and Sales. The 3rd Edition of APQP 

emphasizes the inclusion of Supply Chain Managementat this stage to prevent delays caused by sub-tier

suppliers.

Step 2: Defining Key Characteristics (KCs)

Identify the "Critical to Quality" (CTQ) or Special Characteristics. These are features (like a safety-critical bolt

torque or a sealing surface) where variation could affect safety, compliance, or function. These must be tracked with

SPC.

Step 3: The Significant Production Run

This is often the most failed step in PPAP. The run must use production-intent tooling, equipment, environment, and 

operators. Running 300 parts in a lab environment does not constitute a valid PPAP run. The AIAG requires that 

this run simulates actual production conditions to ensure the Process Capability is realistic.

Step 4: Submission and Approval

Upon completion of the 18 elements, the PSWis signed by the supplier’s authorized official and submitted. The

customer then grants one of three statuses:

•  Approved: The part meets all specifications; the supplier can ship production quantities.

•  Interim Approval: Permission to ship for a limited time or quantity while minor issues are corrected.

•  Rejected: The submission or the process is flawed; the supplier cannot ship production parts.

Common Failure Modes and Troubleshooting

Even seasoned manufacturers encounter issues during the APQP/PPAP process. Here are common pitfalls and

technical solutions:

•  Late Involvement of PPAP: Suppliers often treat PPAP as a documentation task at the end of the project. 

Solution: Integrate PPAP requirements into the APQP Phase 3 timeline.

•  Inadequate MSA: Using a gage that is too coarse for the tolerance being measured. Solution: Ensure the 

gage resolution is at least 1/10th of the total tolerance spread.

•  Poor PFMEA Depth: Listing "Operator Error" as a cause of failure. Solution: Use "5 Whys" to find the root 

cause (e.g., lack of visual aids, poor lighting, or ergonomic strain) and implement preventative controls rather than 

just detection.

•  Sub-tier Supplier Management: The final OEM supplier is responsible for their sub-suppliers' PPAPs. Solution: 



Implement a "PPAP Tracker" for all critical sub-components to ensure they are approved before the final assembly 

PPAP.

Summary and Broader Industry Implications

The evolution from the APQP 2nd Edition to the 3rd Edition, alongside the new Control Plan 1st Edition,

represents a shift from reactive quality to proactive risk management. In the era of Industry 4.0, these core tools

are being digitized, with many companies moving away from Excel-based forms toward Integrated Quality

Management Systems (IQMS). This digital transformation allows for real-time tracking of APQP milestones and

automated PPAP generation, reducing the administrative burden while increasing accuracy.

For automotive professionals, mastery of these tools is not just about compliance with IATF 16949; it is about

building a culture of technical excellence. By rigorously applying the principles of APQP and validating them

through the PPAP framework, manufacturers can significantly reduce scrap, rework, and warranty costs. As vehicle

technology becomes more complex, the discipline provided by the AIAG core tools remains the most effective

defense against the costs of poor quality, ensuring that every vehicle on the road is safe, reliable, and built to the

highest standards.
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