Reducing Machining Defects Through CNC Process Control and Standardized
Inspection Systems

Executive Summary

Dimensional defects during CNC machining operations were creating significant rework, scrap, and quality concerns
within the window manufacturing process. Variations in extrusion bowing, machine setup conditions, and clamping
consistency resulted in over-milling, under-milling, and exposure of mill-finish surfaces that did not meet quality
requirements.

Rather than treating defects as isolated operator errors, | led a process control initiative focused on identifying
sources of variation and implementing standardized inspection and verification systems.

Through the implementation of First-Off Inspection procedures, periodic process verification, standardized bow
measurement methods, and CNC setup controls, machining consistency improved significantly while reducing
dimensional variation, rework, and dependence on operator judgment.

Business Environment
e Commercial window and curtain wall manufacturing
e CNC machining using FOM equipment
e High-volume custom production environment
e Tight dimensional tolerances

e Critical downstream impact on assembly and installation quality

Business Challenge
The organization experienced recurring machining defects during CNC processing of rolled aluminum extrusions.
Common issues included:

e Over-milling of material

e Exposure of mill-finish surfaces

¢ Inconsistent machining depths

e Dimensional variation between shifts

e Increased rework and quality concerns

e Delays in downstream assembly operations

The challenge became more significant when extrusion bowing caused inconsistent clamping conditions during
machining.

Because operators relied heavily on experience and judgment to compensate for variation, process performance
differed between setups, shifts, and machine conditions.




Root Cause Analysis

A structured investigation was conducted using:

Gemba Walks

Process Observation
First-Off Reviews
Dimensional Verification
Production Data Analysis

Root Cause Analysis

Key Findings

Extrusion Bowing

Rolled extrusions exhibited varying levels of bow, creating inconsistent machining conditions.

Lack of Standardized Measurement

No repeatable process existed to verify bow conditions before machining.

Setup Variation

Machine offsets and setup conditions varied between operators and shifts.

Reactive Quality Control

Machining defects were often detected after multiple parts had already been processed.

Limited Process Verification

No formal inspection cadence existed to monitor process drift during production.

Improvement Strategy

The objective was to transform CNC machining from an operator-dependent process into a controlled and repeatable
manufacturing system.

The strategy focused on:

1.

2.

3.

Controlling variation at the source.
Standardizing setup verification.
Detecting process drift early.
Improving dimensional consistency.

Preventing defects before they reached downstream operations.

Solution Implemented

1. First-Off Inspection Program

Developed and implemented a mandatory First-Off Inspection process for CNC operations.

Each production run required:




e Dimensional verification

e Machining depth confirmation

e Setup validation

e Quality sign-off before production release

This ensured setup issues were identified before large batches were processed.

2. Periodic Process Verification
Implemented a structured verification cadence every two hours.
Verification included:

e Critical dimension checks

e Machining depth confirmation

e Visual inspection

e Setup validation

This significantly reduced the risk of process drift.

3. Bow Measurement Standardization

Established a repeatable method for measuring extrusion bow using dedicated inspection fixtures and standardized
measurement points.

This improved consistency and eliminated subjective evaluation.

4. CNC Setup Controls
Standardized machine setup requirements including:
e Offset verification
e Tool positioning checks
e Clamping validation
e Machine parameter review

This reduced variation between operators and shifts.

5. Process Control Documentation
Developed standardized procedures covering:
e Setup requirements
e Inspection frequency
o Acceptance criteria

e Escalation process




e Quality documentation

These procedures improved process repeatability and sustainability.

Quantified Business Impact

Performance Area Before After
Dimensional Consistency Variable High and Repeatable
Machining Defects High Significantly Reduced

Process Stability

Operator Dependent

System Controlled

Rework Requirements Frequent Minimized
Process Verification Reactive Preventive
Setup Consistency Variable Standardized

Operational Benefits

Improved Product Quality

Dimensional variation was significantly reduced through standardized setup and verification controls.
Reduced Rework and Scrap

Defects were detected earlier, reducing downstream quality issues.

Improved Process Stability

The machining process became less dependent on operator experience and individual judgment.
Increased Manufacturing Confidence

Production teams gained greater confidence in process capability and output consistency.

Leadership Lessons Learned

Variation Must Be Controlled at the Source

The most effective quality improvements occur before material enters production.
Standardization Outperforms Individual Judgment

Reliable systems produce more consistent results than operator-based corrections.
Early Detection Prevents Larger Problems

Short verification intervals significantly reduce quality risks and rework costs.

Process Control Creates Sustainable Improvement

Long-term performance improvement requires systems, controls, and accountability rather than temporary

corrective actions.




Conclusion

This initiative successfully transformed CNC machining operations from a reactive, operator-dependent process into a
controlled and repeatable manufacturing system. Through standardized inspections, setup controls, bow
measurement verification, and periodic process checks, machining defects were significantly reduced while
improving dimensional consistency, process stability, and overall product quality.
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